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Executive Summary
FAIR Stations (Future Secure and Accessible Rail Stations) was a project co-financed by the
Shift2Rail initiative of the European Commission and ran from September 2017 to December
2019. The objective of the project was to develop solutions for improved user flows within the
station and platform train interface, considering key design factors such as security, safety,
baggage handling, ticketing, design for accessibility, information & signage, and station
environment management.
Deliverables from WP2 (passenger needs, expectations, and human factors) and WP3 (station
benchmarking) fed into the design deliverables in WP4 (crowd flow analysis) and WP5 (designs).
This deliverable D6.3 “Exploitation plan, including recommendations for future standards and
guidelines, and concept development” covers the next steps beyond FAIR Stations. Although the
deliverable focusses on exploitation in general, this is done in the context of recognising that it is
linked to two CFM complementary projects, PIVOT (2017-2019) and IN2STEMPO (2017-2022).
The key outputs of FAIR Stations project were:
• Crowd flow models, validated through enabling technologies for crowd management and
analysis, that include specific users’ behaviour and in particular persons with reduced
mobility.
• Proof-of-Concept prototype of a platform-based fully automated universal independent
boarding and alighting system, integrating advanced detection technologies.
• Train door system for an independent and easy access.
Although the first two exploitable outputs were initially targeted at TRL3, the actual outputs (crowd
flow models and solution for the PTI) represent TRL4/5. It is therefore recommended that future
projects move these outs to TRL7/8, with the expectation that they can be commercialised in the
near future (3-5 years). Development of the doors access system is expected to take the same
period of time (from TRL2 to TRL9). Exploitation will need enablers such as policy makers, SMEs,
researcher institutions, manufacturing companies and end users.
Though not necessary commercially exploitable, one of the project outs was an algorithm flow
chart for the design of future stations. This framework ensures that any design solutions for future
rail stations address at least one of the nine key design factors, applies at least one of the 4
design characteristics (thereby ensuring design for the general public and PRMs), and has a
positive impact on the identified KPIs.
FAIR Stations project had a very successful working relationship with the complementary projects
PIVOT and IN2STEMPO. It is envisaged that as part of the exploitation plan, the door system
design concept will be considered as part of the PIVOT follow on project (PIVOT2), while the
platform based PTI automated boarding system would be moved forward through IN2STEMPO
which ends in 2022.
Detailed recommendations (policy and standards) have been presented as a consequence of the
outcomes of D2.1, and the design concepts for the PTI boarding system, crowd modelling and
accessible doors system.
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1. INTRODUCTION
FAIR Stations (Future Secure and Accessible Rail Stations) was a project co-financed by the
Shift2Rail initiative of the European Commission and ran from September 2017 to December
2019. The objective of the project was to develop solutions for improved user flows within the
station and platform train interface, considering key design factors such as security, safety,
baggage handling, ticketing, design for accessibility, information & signage, and station
environment management.
Deliverables from WP2 (passenger needs, expectations, and human factors) and WP3 (station
benchmarking) fed into the design deliverables in WP4 (crowd flow analysis) and WP5 (designs).
This deliverable D6.3 “Exploitation plan, including recommendations for future standards and
guidelines, and concept development”. Although the deliverable focusses on exploitation in
general, this is done in the context of recognising that it is linked to two CFM complementary
projects:
•
•

PIVOT (2017 – 2019) - Innovative Solutions in Future Stations, Energy Metering and
Power Supply
IN2STEMPO (2017 – 2022) - Performance improvement for vehicles on track.

The key outputs of the project were:
•
•
•

Crowd flow models, validated through enabling technologies for crowd management and
analysis, that include specific users’ behaviour and in particular persons with reduced
mobility.
Proof-of-Concept prototype of a platform-based fully automated universal independent
boarding and alighting system, integrating advanced detection technologies.
Train door system for an independent and easy access

An output worth mentioning too is the station design algorithm flow chart for station design
optimisation. The aim is to maximise safety, security, station capacity and crowd flow. On the
other hand, minimise the train dwell time and cost.
Although the first two exploitable outputs were initially targeted at TRL3, the actual outputs (crowd
flow models and solution for the PTI) represent TRL4/5. A prototype of the door system was not
developed since this was beyond the scope of the project activities. Nevertheless, the
specifications for new accessible doors (at TRL2) provides a good basis for deign of future doors
system.
The key outputs together with work conducted in WP2 are expected to have a significant impact
on the design of future stations. It inevitably implies that some of the infrastructural, rail vehicle
and accessibility standards and/or guidelines or policies will need to be reviewed to accommodate
the new solutions emanating out of this project. This aspect is also addressed in this deliverable.
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2. EVALUATION OF THE EXPLOITABLE OUTPUTS USING THE
DEVELOPED ALGORITHM FLOW CHART FOR STATION DESIGN
In order to attain the requirements to the level of ideal future stations (retrofit or new build),
technological gaps will need to be filled to address each of the nine FAIR Stations design factors.
In Deliverable D3.2 “Design Factors for Future Railway Stations” [1], a gap analysis was carried
out that identified what design characterises (audio, visual, physical, and virtual) would be applied
to address each of the design factors. These factors were prioritised in D2.1 “User Needs and
Expectations of the General Public and PRMs” [1] as follows:
• Information and signage
• Safety
• HFE & Design for accessibility (PRMs)
• Platform Train Interface (PTI)
• Design for Emergencies
• Security
• Ticketing
• Baggage handling
• Station environmental management
Design characteristics represent the category of solutions associated with each of the FAIR
Stations design factors. These are divided into four categories as explained below:
Audio:
Visual:
Physical:
Virtual:

associated with hearing (e.g. speaker announcements)
something station users can see (e.g. signs, markings, etc.)
tangible (e.g. barriers, walls, bollards)
computer/internet based (e.g. way finding App, online ticketing)

They also represent categories of solutions that address the technological gaps. Relevant to
exploitation, D3.2 [1] also established implementation parameters. Figure 1 shows the
implementation opportunity, implementation period and implied priority of the four design
characteristics and therefore associated solutions. It is recommended that such implementation
follows the algorithm flow chart developed in D5.3 “Door-Platform Alignment POC Demonstrator
and System Integration” [4].
1 -3 years

3 - 5 years

Audio
(Retrofit and new build) (H)

Physical
(New build) (H)

Visual
(Retrofit and new build) (H)

Virtual
(Retrofit) (M)

5 - 10 years

Physical
(Retrofit) (M)

Virtual
(New build) (H)

Implementation Opportunity: L – Low; M – Medium; H - High
Figure 1 Implementation of Design Solutions [1].
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By applying the flow chart, Table 1 shows the expected implementation period and impact of each
of the project key outputs. For a given solution, an evaluation of made of the impact it has on a
KPI:
•
•
•

Improves (+)
Does not change (or effect not known) (o)
Worsens (-)

Crowd Models
Being a virtual solution, implementation of the crowd flow models is expected to be implemented
in the short term (1 – 3 years). It addresses 5 of the FAIR Stations 9 key design factors. This
would have a positive impact on safety (+), security (+), station capacity (+) and smoothness of
the crowd flow (+). However, there is no obvious direct relationship between the train dwell time
and implementation of the crowd flow model. It is therefore evaluated that there would be no
change in the dwell time. As far as cost is concerned, the impact is not known as there was no
cost assessment conducted (it was out of the scope of the project activities). Nevertheless, it
would be argued that if the crowd model improves safety, security, station capacity and
smoothness of the crowd flow, the cost-benefit would likely be positive.
Automated PTI Boarding System
This is primarily a physical solution with an implementation period of 3 – 5 years. It addresses 6
of the FAIR Stations 9 key design factors. The system has positive impact on safety (+), security
(+), station capacity (+), smoothness of the crowd flow (+) and reduction of the train dwell time
(+). This being a pioneering device on the station platform, the impact on the cost is not known.
However, it would be argued that if the system improves safety, security, station capacity,
smoothness of the crowd flow and reduction of the rain dwell time, the cost-benefit would likely
be positive.
Train Door System
At TRL2, this is primarily physical solution would take 3 – 5 years to implement in the rail industry.
It addresses 7 of the FAIR Stations 9 key design factors. It has positive impact on safety (+),
security (+), station capacity (+), smoothness of the crowd flow (+) and reduction of the train dwell
time (+). The impact on the cost is not known. However, it would be argued that if the system
improves safety, security, station capacity, smoothness of the crowd flow and reduction of the
rain dwell time, the cost-benefit would likely be positive.
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Table 1 Implementation and Impact of Exploitable FAIR Stations Project Key Outputs.

Project

Crowd flow
analysis

Automated PTI
Boarding System

Train door
system

TRL

4/5

4/5

2

Design
Characteristics
Applied

Design Factors Addressed

• Information and signage
• Safety
• HFE & Design for accessibility • Visual
• Physical
(PRMs)
• Virtual
• Design for Emergencies
• Security
• Information and signage
• Safety
• HFE & Design for accessibility
(PRMs)
• Platform Train Interface (PTI)
• Security
• Baggage handling
• Information and signage
• Safety
• HFE & Design for accessibility
(PRMs)
• Platform Train Interface (PTI)
• Design for Emergencies
• Security
• Baggage handling

Implementation
Period
EU-wide

Impact (KPIs)
Maximise

Minimise

Safety (+)
Security (+)
1 – 3 years

Station capacity
(+)

Dwell time (o)
Cost (o)

Crowd flow (+)
Safety (+)

•
•
•
•

Audio
Visual
Physical
Virtual

Security (+)
3 – 5 years

Station capacity
(+)

Dwell time (+)
Cost (o)

Crowd flow (+)
Safety (+)
•
•
•
•

Audio
Visual
Physical
Virtual

Security (+)
3 – 5 years

Station capacity
(+)
Crowd flow (+)

Dwell time (+)
Cost (o)

3. ASSESSMENT OF ALIGNMENT WITH S2R-CFM-IP3-01-2017
(IN2STEMPO) AND S2R-CFM-IP1-01-2017 (PIVOT)
FAIR Stations activities are complementary to the actions funded under:
-

S2R-CFM-IP3-01-2017: Smart Systems for Energy Management and Future Stations
Solutions (IN2STEMPO “Innovative Solutions in Future Stations, Energy Metering and
Power Supply”).
S2R-CFM-IP1-01-2017: Development of new technological concepts towards the next
generation of rolling stock, applied to major subsystems such as Car-body, Running Gear,
Brakes, Doors and Modular interiors (PIVOT “Performance Improvement for Vehicles on
Track”).

This relationship is shown in Figure 2.

Figure 2 Complementarity between FAIR Stations, PIVOT and IN2STEMPO.

A communication line was established between FAIR Stations and the two projects, to ensure the
alignment of the activities.

3.1. IN2STEMPO
IN2STEMPO “Innovative Solutions in Future Stations, Energy Metering and Power Supply” is the
action funded by the S2R-CFM-IP3-01-2017 call. One of its sub-projects is focused on future
stations, aimed at improving crowd management in high capacity stations, station design and
components, accessibility to trains and new ticketing technologies.
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Figure 3 Complementarity between FAIR Stations and IN2STEMPO.

3.1.1. Areas of collaboration (COLAs)
The main complementary areas between the projects were crowd management and accessibility.
The COLA [6] was finalized at the end of 2018 and finally signed in January 2019. In particular
the following dependencies were identified, as reported in the Annex 4 to the COLA [1]:
•
•
•
•

Between FAIR Stations’ WP2 Passenger Needs and Human Factors and IN2STEMPO’s
WP7 Improved Station Design and Standard Components.
Between FAIR Stations’ WP3 Benchmarking of Station Design and Accessibility and
IN2STEMPO’s WP7 Improved Station Design and Standard Components and WP8
Improved Accessibility to Trains.
Between FAIR Stations’ WP4 Crowd Flow Analysis and IN2STEMPO’s WP6 Crowd
Management in High Capacity Stations.
Between FAIR Stations’ WP5 Design and Conceptualisation and IN2STEMPO WP8
Improved Accessibility to Trains.

Since many of the deliverables from FAIR Stations are investigating the same challenges but at
a lower TRL, their findings are considered as valuable inputs into the aligned IN2STEMPO WP
deliverables. Research outputs were then shared in a timely manner to enable good decision
making and ensure work is not duplicated across the two projects. The collaboration between
FAIR Stations and IN2STEMPO has seen the execution of the following activities:
•
•
•
•
•
•
•
•

Common discussion of work plans.
Exchange of DoAs and technical information.
Exchange of technical information about crowd modelling and monitoring.
Face to face meetings.
Telcos to discuss technical matters.
Participation to surveys and questionnaires.
Definition of the COLA working plan.
Finalization and signature of the COLA.

3.1.2. Meetings and Conferences
During the project, the partners of the two projects had the opportunity to discuss in face to face
meetings, where each Consortium had the chance to present its current project results and carry
out technical discussions. The meetings attended by the parties are the following:
•

Project coordinators meeting (Milton Keynes, December 2018)
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•
•
•
•
•
•

FAIR Stations GA meeting #1 and WP5 KOM meeting (Vienna, April 2018)
IN2STEMPO SteCo meeting (Paris, July 2018)
IN2STEMPO SteCo meeting (Paris, June 2019)
FAIR Stations GA meeting #5 and Stakeholders workshop (Genoa, July 2019)
IN2STEMPO WP6 Meeting (Genoa, November 2019)
FAIR Stations Final conference (Brussels, December 2019)

3.2. PIVOT
PIVOT “Performance Improvement for Vehicles on Track” is the action funded by the S2R-CFMIP1-01-2017 call. Its WP6 covers entry systems with themes including gap fillers, door entry
surveillance, solutions for PRMs and performance improvement through mass reduction,
improved insulation, and higher acoustic attenuation. This is the main area of collaboration
between the two projects.

Figure 4 Complementarity between FAIR Stations and PIVOT.

3.2.1. Areas of collaboration (COLAs)
The main complementary areas between the projects were then the entrance system and
accessibility. The main objective of the collaboration between PIVOT (WP6) and FAIR Stations
(WP2 and WP5) was to allow PIVOT and FAIR Stations to reach their targets thanks to exchange
of information and assessment of studies:
•
•
•

Specifications about improvement of accessibility
Knowledge on the needs of general public and persons with reduced mobility
Results of studies and benchmark on entrance system, platform- train interface and
accessibility
In particular the COLA [7] was finalized, on the base of the proposal discussed and agreed upon
during RP1, by developing a detailed workplan:
•

•

Topic 1 Specifications of gap filler
o Task 1.1 Sharing specifications for entrance system from PIVOT (Task 6.1) to
FAIR Stations
Date: May 2018
o Task 1.2 Sharing information about user needs and expectations of the General
Public and PRMs from FAIR Stations (Tasks 2.1, 2.2 and 2.3) to PIVOT
Date: May 2018
Topic 2 Inputs for improved entrance system
o Task 2.1 Sharing information about platform-based solutions for PTI from FAIR
Stations (Task 5.1) to PIVOT
Date: September 2018
o Task 2.2 Sharing information about entrance system benchmark from FAIR
Stations (Task 5.2) to PIVOT
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Date: October 2018
Task 2.3 Sharing information about door platform alignment from FAIR Stations
(Task 5.3) to PIVOT
Date: February 2019
Topic 3 Gap filler virtual mock-up
o Task 3.1 Sharing virtual mock-up from PIVOT (Task 6.5) to FAIR Stations
Date: June 2019
o Task 3.2 Sharing assessment on virtual mock-up from FAIR Stations (Task 6.5) to
PIVOT
Date: September 2019
o

•

The collaboration between FAIR Stations and PIVOT has seen the execution of the following
activities:
•
•
•
•
•
•
•

Exchange of technical information about gap fillers.
Face to face meeting.
Telcos to discuss technical matters.
Definition of the COLA working plan.
Finalization and signature of the COLA.
Invitation to PIVOT mid-term and final events (Brussels, October 2018; Paris, September
2019) to present common posters on “TD1.6 Innovative doors”.
Review of the PIVOT virtual mock-up by the FAIR Stations Consortium.

The inputs from FAIR Stations to PIVOT and the feedback on their virtual mock-up of the entrance
system will be a valuable input to their follow-up project PIVOT-2 and the exploitation of the results
achieved by FAIR Stations in this domain.

3.2.2. Meetings and Conferences
During the project, the partners of the two projects had the opportunity to discuss in face to face
meetings. The meetings attended by the parties are:
•
•
•
•

FAIR Stations GA meeting #1 and WP5 KOM meeting (Vienna, April 2018).
PIVOT Mid-term event (Brussels, October 2018), to present activities related to TD1.6 and
a common poster on “TD1.6 Innovative doors”.
FAIR Stations GA meeting #5 and Stakeholders workshop (Genoa, July 2019).
PIVOT Final event (Paris, September 2019), to present activities related to TD1.6 and a
common poster on “TD1.6 Innovative doors”.
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4. EXPLOITATION PLAN
For a project of this nature, there are two types of exploitation: first and foremost, the project
results will be exploited by policy makers and infrastructure owners and operators who will be
able to make better informed decisions about the better station design and vehicle accessibility
the EU. Secondly, the project results will be directly exploited by the FAIR stations partners: for
universities, the main focus will be on follow-up research and teaching, while the other partners
involved will focus on gaining a competitive advantage through enhancing and underpinning their
position on the leading edge of the market. With over 30,000 stations in Europe are affected by
the need for developing, independent boarding (PTI) systems, the potential for exploitation is
massive. To move the proof of concepts from TRL4/5 (TRL3 was the initial target TRL, however
a higher TRL was achieved) to TRL9, the project has identified,
•
•
•
•

Who will do it
How it will be done
Timescale
How the activities will be funded

Table 2 details this.
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Table 2 Preliminary Exploitation Plan (EU-Wide).
Exploitable
Product

Who will do it

How it will be done

How the activities will be funded

Time scale

Who are the beneficiaries

Platform based
design solution
for the PTI.

• SMEs with
mechatronic
design and
manufacturing
capabilities.

• Working in collaboration with
station owners and
infrastructure owners.
• UNEW will identify and include
SMEs and other European
partners relevant to the
product.
• Guidance and inputs from
project partners APF, MDM
and UITP.

• Follow on EC projects (such as
IN2STEMPO, and IP3 projects).
• Small part of a large S2R project
call.
• Dedicated S2R project call.
• Internally funded by an engineering
firm (such as STAM).
• Direct government or EC funding.
• By project beneficiaries.
• National governments through
PPIs.
• Follow on EC projects (such as
PIVOT2, and IP1 projects).
• Small part of a large S2R project
call.
• Dedicated S2R project call.
• Internally funded by an engineering
firm (such as STAM).
• Direct government or EC funding
(e.g. UKRI).
• By project beneficiaries.
• National governments through
PPIs.
• Follow on EC projects (such as
PIVOT2, and IP1 projects).
• Small part of a large S2R project
call.
• Dedicated S2R project call.
• Internally funded by an engineering
firm (such as SWHARD).
• Direct government or EC funding
(e.g. UKRI).
• By project beneficiaries.

• 3 - 5 yrs for
new build
stations
• 5 - 10 yrs
for retrofit

• Station owners (from PTI
design solutions).
• Train operators (shorter
train dwell times and
increased network
capacity).
• Passengers (in particular
PRMs), through improved
crowd flows and time
schedule.

Train
door
system for an
independent and
easy access.

• SMEs with
mechatronic
design and
manufacturing
capabilities.
• Vehicle
manufacturers.

• Working in collaboration with
rolling stock manufacturers.
• UNEW will identify and include
SME and other European
partners relevant to the
product.
• Guidance and inputs from
project partners MDM, VUT
and UITP.

Platform
detection
technologies for
station platform
height
and
position
determination.

• SMEs with
mechatronic
and control
system design
capabilities.

• Working in collaboration with
station owners, infrastructure
owners and rolling stock
manufacturers.
• UNEW will identify and include
SMEs and other European
partners relevant to the
product.
• Guidance and inputs from
project partners APF, MDM
and UITP.
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(Physical
solution)

• 3 - 5 yrs
(Physical
solution)

• 3 - 5 yrs
(Physical
solution)

• Train manufacturers (door
access design systems).
• Train operators (shorter
train dwell times and
increased network
capacity).
• Passengers, through
improved crowd flows and
time schedule.

• Station owners (from PTI
design solutions).
• Train manufacturers (door
access design systems).
• Train operators (shorter
train dwell times and
increased network
capacity).
• Passengers, through
improved crowd flows and
time schedule.
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Exploitable
Product

Crowd
models.

Who will do it

flow

Enabling
technologies for
crowd
management
and analysis

How it will be done

• SMEs with
modelling and
simulation
capabilities.

• Working in collaboration with
station owners and
infrastructure owners.
• UNEW will identify and include
SMEs and other European
partners relevant to the
product.
• Guidance and inputs from
project partner MDM and
UITP.

• SMEs with AI
and software
development
capabilities.

• Working in collaboration with
station owners and
infrastructure owners.
• UNEW will identify and include
SMEs and other European
partners relevant to the
product.
• Guidance and inputs from
project partners MDM and
UITP.

How the activities will be funded
• National governments through
PPIs.
• Follow on EC projects (such as
IN2STEMPO, and IP3 projects).
• Small part of a large S2R project
call.
• Dedicated S2R project call.
• Internally funded by an engineering
firm (such as STAM).
• Direct government or EC funding
(e.g. UKRI).
• By project beneficiaries.
• National governments through
PPIs.
• Follow on EC projects (such as
IN2STEMPO, and IP3 projects).
• Small part of a large S2R project
call.
• Dedicated S2R project call.
• Internally funded by an engineering
firm (such as AITEK and ONAIR).
• Direct government or EC funding.
• By project beneficiaries.
• National governments through
PPIs.
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Time scale

Who are the beneficiaries

• 1 - 3 yrs

• Station owners.
• Station designers.
• Security managers.
• Passengers, through
improved security, crowd
flows and time schedule.

(Virtual
solution)

• 1 - 3 yrs
(Virtual and
physical
solution)

• Station owners.
• Security managers.
• Passengers, through
improved security, crowd
flows and time schedule.
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4.1. Exploitable Outcomes
4.1.1. Proof-of-Concept integrated automated platform-based prototype
FAIR Stations produced a proof-of-concept prototype of an innovative concept of PTI solution that
allows PRMs to alight and board the train autonomously. The system can adapt to several
platform designs, with different dimensions and distances between the trains and the PTI, and to
adapt to different train doors (that change in shapes and dimensions).
The Flexy2Ramp system is a fully automated hybrid solution between a lift and a ramp (Figure
5). It is based on a planar scissor mechanism able to lift a horizontal platform, connected to
passive ramps, whose max slope is 15 degrees. The solution is both electrically and hydraulically
actuated. It is designed to be engaged by a PRM (e.g. with advance booking) through an HMI
device, and with doors which are unlocked once the system is configured and ready for boarding
/ alighting. In addition, an extendable blade can cover the horizontal gap in the case of inner steps
(e.g. high-speed trains). The system is described in detailed in deliverables D5.1 [4] and D5.3 [4].

Figure 5 Flexy2Ramp system general view.

FAIR Stations also developed innovative technologies for detecting the train doors and determine
consequently the position of the PTI system before the train arrival. The detection devices
identified will ensure the horizontal gap and the vertical step filling with high accuracy. These
technologies are to be installed on the platform and on the PTI system, and can detect the train
and door position, in order for Flexy2Ramp to move and reconfigure accordingly.
Flexy2Ramp represents the connection point between the station platform and the train door,
because the project studies showed that the dimensions of doors and platforms are very different
from Country to Country and Flexy2Ramp sits between the two to allow their integration in any
case. In order to analyse and test the integration of these three elements, a prototype of the PTI
system was realized, which is shown in the following Figure 6, Figure 7 and Figure 8.
Table 3 Technologies and devices integrated in Flexy2Ramp.

Type

Design
description

n°

Description

1

Fully automated hybrid solution between a lift and a moving ramp.

2

Two ways for boarding and alighting, which can be used by any user
groups.

3

Dedicated spot for wheelchair users, in the case the ramp slope
exceeds the threshold for manually propelled devices.
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4

Passive adjustable ramp to ensure no gap path from the protective
gates to the train door.

5

Designed to be used autonomously by a PRM, who can book in advance
the PTI system.

6

Dedicated fence around the system to protects passengers from falling
into the empty space that opens due to the movement of the system.

7

Extendable blade to cover the horizontal gap in the case of inner steps
(e.g. high-speed trains).

1

Can compensate the horizontal gap from the platform edge to the train
floor.

2

Can compensate the vertical step (both negative and positive) from the
platform edge to the train floor.

3

Can compensate the distance from the PTI system installation spot to
the final train door position, which depends on the train random stopping
position.

4

Fully automated and no need for a human operator.

5

Minimizes the safety risk factors.

6

Universal solution for both normal passengers and PRMs.

1

2D LiDARs.

2

Electromechical and hydraulic actuators (4 DoFs).

3

Pressure sensors.

4

Proximity sensors.

5

Motion controllers.

6

GPIO controller.

Main features

Main
components
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Figure 6 Prototype in operation with a long distance train (the detection system in the foreground).

Figure 7 Prototype details (wheelchair dedicated spot and extendable blade).
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Figure 8 Prototype in operation with a short distance train.

The integrated prototype was developed in order to provide all the combination possibilities that
can occur in the real-life scenarios.
Due to its down-scaled nature, it was not possible to successfully achieve all the configurations.
However, a full-scale system would be perfectly able to fully cover the required ranges, both in
terms of horizontal gap and vertical step, and also in the case of inclined rails.
The prototype developed in FAIR Stations demonstrated the capabilities and strong potential of
the system, as a fully automated solution for autonomous boarding and alighting of PRMs, able
to adapt to several platform designs, with different dimensions and distances between the trains
and the PTI, and to adapt to different train types (whose doors change in shapes and dimensions).
As highlighted during the FAIR Stations Final Conference in Brussels and reported in the
deliverable D7.2, there are over 30,000 stations affected by PTI challenges in Europe, which give
an idea of the potential market size for a Flexy2Ramp once at full-scale. However, it would be a
very long way before these stations are all retrofitted to resolve the PTI problems. This indeed
would require investments for billions of Euros, both in terms of station infrastructure and rolling
stock. In the meantime, Flexy2Ramp can provide safer PTIs, enabling autonomous boarding of
PRMs, by automatically filling the PTI gap, without obstructing other users. Besides, Flexy2Ramp
could significantly decrease the train dwell time, especially for regional and long distance trains,
when compared to existing boarding devices. The exploitation potential of Flexy2Ramp is then
huge.

4.1.2. Validated crowd flow models
Crowd modelling is a technology used to simulate the behaviour and flow of people in virtual
environments mimicking real ones. FAIR Stations developed agent-based models of crowd flows
in large stations, by modelling the railway station infrastructure, the characteristics of users, the
assets and services, the security layers in different conditions and scenarios, including
emergency situations. FAIR Stations developed models, which can simulate the behaviours and
actions of each single user in relation to personal objectives and characteristics. This enabled the
detailed modelling of different categories of station users, in relation to their physical impairments,
speeds, encumbrance space, movement constraints, etc. Besides, the models included different
scenarios: e.g. peak hour, off peak, mass events, terrorist attacks.
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Figure 9 Screenshot of the simulation environment

The models were finally validated by using different enabling technologies for crowd management
and analysis, to demonstrate that the models can reproduce people behaviour with high accuracy.
For this scope, 3D cameras and AI-based analytics of video recorded by the CCTV system of the
Madrid Chamartín metro station (test case) were used, to collect data on people flows and then
used, in a second stage, as input data to simulate the same conditions in the model.
Table 4 Technologies employed for crowd flow modelling.

n°

Technology

Description

1

Crowd
behavioural
models

Model built to recreate user behaviour and interactions

2

Infrastructure
models

Model built to recreate the reference environment (Chamartín metro
and railway station, in this specific case)

3

3D cameras

Passive cameras that can recognize the presence of objects in the
environment and count users when passing through virtual gates

4

AI-based video
analytics

Video processing techniques based on deep learning algorithms of
images recorded by CCTV systems for crowd intensity and people
transits estimation

The results obtained show that the crowd models developed within FAIR Stations can reproduce
reality with a good level of fidelity. This could be further increased with larger and more accurate
data sets. Furthermore, data sets built on monthly and/or annual basis would allow recreating the
average performance of the stations in a much more accurate way, as they are based on
seasonality. Such a model could be used by service managers to develop more efficient transport
policies and security procedures, e.g. in the case of an emergency requiring an evacuation.
In brief, potential exploitation routes for the crowd models are the following:
•
•

Very large infrastructures can be simulated based on real world data. The more accurate
and complete the data from the real world are, the more faithful the results of the
simulations are.
Large heterogeneous crowds can be simulated, also in emergency situations. The human
physical characteristics can be reproduced with a good level of detail that allows recreating
the interaction of users with the elements of the environment. Accessibility issues can be
simulated this way. Indeed, advanced crowd modelling techniques are a powerful tool to
understand users’ behaviour, also considering PRMs.
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•

•

•
•

Critical infrastructural issues can be identified. Crowd modelling can be a very important
tool in the design phase, because it allows designers and planners to analyse and test
how users interact in relation to different structural solutions (e.g. areas not accessible
and bottlenecks). Also, different evacuation plans can be tested and their efficiency
assessed thanks to the crowd modelling, by using for example heat maps (Figure 10).
Different scenarios can be virtually tested in order to assess the people flow when
subjected to different conditions. Crowd modelling can be a very useful tool in the design
phase, to test the efficiency of possible solutions (including technologies, procedures,
layouts, etc.). Furthermore, it can be used also to test station retrofitting solutions (e.g.
new stairs/escalators; smart signalling systems).
Integration in smart crowd management tools, e.g. based on risk assessment, to evaluate
more accurately the risk of certain assets and the impacts on the whole system.
Crowd models can also be created to monitor the behaviour of people in a given
environment in real time thanks to the integration of virtual doors and cameras that can
be used to count people in the area continuously and in real time. These models can be
used to generate what-if scenarios in order to apply different people management
strategies to optimize the flow of people (both in normal conditions and in the event of
emergencies / evacuations).

Figure 10 Pedestrian density map in the station, generated by the crowd simulations.

In FAIR Stations, Deep Learning approaches and 3D passive cameras were identified as enabling
technologies for crowd management and analysis. These were tested both in the lab and in the
real environment of the Chamartín metro station, finally used for the validation of the crowd
models (Figure 11).
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Figure 11 People counting and crowd intensity estimation through AI-based video processing.

Nowadays, there is a massive application of these technologies for market research. Measuring
of transits and of densities in specific areas can be interesting for a market investigation which
aims to increase the number of sales in the shops, for instance giving more visibility to certain
products. Other applications of these technologies see cameras employed to monitor people flow
for safety measures. The data collected can be used to apply people management strategies
(also independently from the crowd models).
Potential exploitation routes for the crowd management and analysis technologies are then the
following:
•
•

•
•

Development of innovative CCTV systems, based on AI-based enabling technologies for
crowd analytics.
In the case of railway stations, knowing how and how many people move in the
environment could be useful to optimize the distribution of users in the different areas.
Such an analysis would make it easier for an infrastructure manager to manage user flows
in crowded stations.
The collection of data on the number of users in the station can be also used to design
efficient evacuation strategies and plans, increasing the level of reliability of the station.
The comparison between the data about flows, sales, and the level of interest in a
product/shop can offer a great opportunity for the infrastructure manager to plan the
optimal layout of the products/shops, thus favouring the maximization of profits.

4.1.3. Train door system for an independent and easy access
The criteria followed for the design of the new train door are based on the standards defined by
the European Railway Agency. Each single European Country has followed different standards
to design trains and stations in the past years: therefore, in each country there are trains of
different sizes. Moreover, there are different train models in relation to the distances they must
cover. This heterogeneity can be overcome thanks to the standards proposed by the Technical
Specifications for Interoperability (TSI). TSI are mandatories and must be followed in the design
of the new rolling stock, however the TSI which focus on PRMs are mandatory only for heavy rails
while they are not for light rail systems (like metros and trams) because they are regulated by
national laws.
FAIR Stations proposed two train door system designs, compliant with the TSI, and able to work
in an integrated way with the Flexy2Ramp system.
FAIR Stations considered two reference train types:
-

Long distance trains: can host generally a number of passengers equal to the number of
seats, they have single sliding doors with inner steps (Figure 12).
Short distance trains: designed to host a large number of passengers, they usually have
double sliding doors and low floor (Figure 13).
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Figure 12 Long distance train door measures (open door)

Figure 13 Short distance train door measures (open door)

The door system concepts depicted above represent most common trains travelling on the
European railway networks. Besides, they comply with the TSI. The dimensions of the entrance
and the vestibule take also the design and operation of the Flexy2Ramp system into account. In
particular, the PTI system is planned to “enter the train” (once the train stopped and its door(s)
open) till a maximum depth of 0.50 m. This value can change depending on:
•
•

The horizontal gap between train and platform.
The presence of a curved track, which can increase or decrease the clearance between
the train door and platform.

For these reasons, the designs developed by FAIR Stations include an area close to the door
entrance not to be trespassed when the PTI system is in action. This space is as large as the
door width and 0.60 m deep (0.10 m have been considered as safety margin to be added to the
0.50 m covered by Flexy2Ramp when entering the train door). This floor area, near the door
entrance, is marked with a contrasted band that must be left free when the PTI system is activated.
In this case, passengers cannot get off the train even if the door is opened, as the PTI system
could injure passengers (safety systems are planned to stop the system when it hits an object
anyway). The train door system designs developed by FAIR Stations also include a light and an
acoustic signal near the door, for this scope. These warning signals are designed to be detected
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by all users. In particular, persons with visual impairments can be warned by the acoustic alarm
(a plate with communication Braille is considered, to explain the reasons for the warning signal,
to be placed in a zone easily reachable by hands). While hearing impaired users will receive the
information through the light and can read the explanation on the plate. Passengers can leave
the train only when the PTI system has reached its final position, entering the train door, and
finally stopped. Figure 14 and Figure 15 show the train door system design in the case of a long
distance train; while Figure 16 and Figure 17 show the train door system design in the case of a
short distance train.

Figure 14 Front section of a long distance train.

Figure 15 Cross section of a long distance train.
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Figure 16 Front section of a short distance train.

Figure 17 Cross section of a short distance train.

The train door system designs developed by FAIR Stations were conceived to be easily exploited
by train manufacturers, as they only include modifications / upgrades of existing designs. Besides
these designs were developed in compliance with the PRM TSI, then for maximum accessibility.
Within FAIR Stations, mock-ups of both were developed, in 1:4 scale, to test the PTI system proofof-concept demonstrator. In fact, the full exploitation of the train door system designs is tightly
connected to the exploitation of the Flexy2Ramp system, for an independent and easy access to
the trains.
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4.2. Timeline
4.2.1. Proof-of-Concept integrated automated platform-based prototype
So far, the development plan has followed the timeline of the project, which is defined by the
Shift2Rail MAAP. In fact, if we only look at Shift2Rail, the following Figure 18 shows the timeline
for the platform-based solution for the PTI, Flexy2Ramp, developed by FAIR Stations.
Although the solution was initially targeted at TRL3, the actual output represents TRL4/5. The
results from FAIR Stations will be an input for the complementary project IN2STEMPO, which
should consider the technology for higher TRL development.

Figure 18 Possible future outlook for the PTI system technology.

The partners are willing and available to further collaborate with the CFM project IN2STEMPO,
to further develop the solution and bring it to the market. However, they have plans to further
develop the technology whenever a good opportunity should arise. They are therefore looking for
new R&D projects, not only within H2020 (or the forthcoming Horizon Europe) framework
programme. A possible plan and timeline could be as shown in Table 5.
Table 5 Development phases and time schedule for the PTI system.

Year(s)

Activities

2020-2021 Full scale prototyping and testing

Final TRL
6

2022

Demonstration in operational environment

7

2023

Certification of the system

8

2024

PTI system in operation

9

Indeed, some fundamental steps are needed before the system can be deployed as designed:
•
•

The railway infrastructure must communicate with the PTI system, providing information
about the train that is coming and informing the system once it can be safely moved back
to the home position.
The train entrance must be retrofitted (with alarms, safe area, etc.) to make sure the PTI
system can safely operate without causing any harm to the passengers.
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4.2.2. Validated crowd flow models
The development plan for the crowd flow models of FAIR Stations has followed so far the timeline
of Shift2Rail. Although the models were initially targeted at TRL3, the actual output represents
TRL4/5, and IN2STEMPO will consider them for TRL5/6 development (Figure 18).

Figure 19 Possible future outlook for the crowd models.

The partners of FAIR Stations have plans to further develop the technology, also independently
from Shift2Rail. As an example, STAM, leader of FAIR Stations WP4 will further develop and
exploit the crowd models within an ISF-P project focused on the security of soft targets. Besides,
crowd modelling and simulation can be proposed as a consultancy service to infrastructure
managers and operators, security managers and owners of infrastructures and soft targets, law
enforcers, first responders, etc. On the other hand, the LTPs involved in WP4 are already using
and exploiting the enabling technologies for crowd management and analysis in several R&D and
industrial projects.
In the case of the crowd models, an important first further step would be the simulation and
validation in different scenarios, in particular in the case of emergencies. The following Table 6
reports the possible development plan for the crowd models.
Table 6 Development phases and time schedule for the crowd models.

Year(s)

Activities

2020-2021 Application of crowd models to different (emergency) scenarios
2022

Validation and demonstration in operational environment

2023

Deployment in operation environment

Final TRL
6
7
8-9

4.2.3. Train door system for an independent and easy access
As for the PTI system, so far, the development plan has followed the timeline of the project, which
is defined by the Shift2Rail MAAP. If we look at Shift2Rail, the following Figure 18 shows the
timeline for the train door system developed by FAIR Stations. Our research was an input for
PIVOT, that will be useful also for PIVOT-2.
In this specific case, FAIR Stations has proposed train door solutions compliant with the TSI and
able to properly operate together with the Flexy2Ramp system, while being safe for both normal
passengers and PRMs.
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Figure 20 Possible future outlook for the train door system.

The timeline for the development of the train door concept is therefore tightly connected to the
timeline of the PTI system development, as reported in Table 7.
Table 7 Development phases and time schedule for the train door system.

Year(s)

Activities

2020-2021 Train door systems prototyping and testing

Final TRL
6

2022

Demonstration in operational environment

7

2023

Certification of the train door system

8

2024

Train door system in operation

9

4.3. IPR Strategy and Management
Given the current low TRL of the solutions developed within the project, a detailed IPR strategy
was not set up yet. However, some key principles have been identified and are listed in the
following:
•
•

•
•
•

The Consortium partners acknowledge that any pre-existing know-how of a partner used
in FAIR Stations remains the property of that partner, as reported in the Consortium
Agreement.
All knowledge and all rights will be owned by the partner (“Owning Party”) that has created
that knowledge (“Party Knowledge”). In the event that any knowledge is jointly created,
the partners that have created that knowledge (“Creating Parties”) will have joint
ownership of that knowledge (“Joint Knowledge”). In case of a joint ownership, especially
a joint patent, the Owing Party will set up together a contract for the joint ownership and a
manager of such a contract. This manager will take care of the contract survival during
and after the contract.
Each Owning Party grants to the other Parties the option to a licence of its Party
Knowledge at preferential terms.
Each Party is responsible for the filing, protection, and maintenance of the Party
Knowledge which they own.
Joint Knowledge will be owned by the Creating Parties in equal shares unless otherwise
determined by the Creating Parties. In the case of Joint Knowledge, the Creating Parties
shall agree who shall be responsible for the filing, protection, and maintenance of the Joint
Knowledge in the names of Creating Parties (“Filing Party”).
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The partners then preliminarily agreed that the IPR dealing with each of the main project results
will be managed as summarized in Table 8. A detailed description of the definitions reported in
the following tables is given here:
•
•
•
•
•
•
•

Column 1: Name of the innovation;
Column 2: Name of the partner who has delivered the exploitable outcome;
Column 3: In the “Pre-existing Know-how” column, the partners who have provided
contribution to the innovation with their own Pre-existing Know-how are reported;
Column 4: The column “Knowledge necessary for the innovation development” shows the
names of those partners who have provided contributions produced from other activities
in the project;
Column 5: “IPR Owner Parties” is the column reporting the names of the partners who
hold rights on the exploitable result;
Column 6: In the column named “Access Rights Granted to” the partners who will be
granted access rights on the exploitable result are specified. Access rights terms (granted
for free, preferable terms, etc.) will be agreed in detail among the concerned partners;
Column 7: This column refers to “Commercial Exploitation” and in this area the name of
the partner who will act to achieve commercial benefits from the innovation is reported.

There are not at this stage any known situations concerning IPR which may endanger the
exploitation of the concept both inside and outside our Consortium.
The project partners are encouraged to publish scientific papers, unless it can hinder the possible
patenting or protection of the IPR generated within the project. For this reason, prior permission
to publish any information arising from the project the Consortium partners must be informed and
give their explicit permission.
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Table 8 IPR grid.

Exploitable Product

Deliverable
responsible
partner(s)

Pre-existing
know-how

Knowledge
necessary for the
innovation
development

IPR Owner
Parties

Access Rights
Granted to

Commercial
Exploitation by

Platform based design
solution for the PTI.

• STAM

• STAM,
UNEW, MDM,
VUT

• STAM, UNEW,
MDM, VUT, APF

• STAM

• STAM, UNEW,
VUT, APF

• STAM

Train door system for an
independent and easy
access.

• VUT

• VUT, STAM,
MDM

• VUT, STAM

• STAM

• VUT, STAM

• STAM

Platform detection
technologies for station
platform height and position
determination.

• SIIT (LTP
SWHARD)

• SIIT (LTP
SWHARD)

• SIIT (LTP
SWHARD), STAM,
UNEW, MDM

• SIIT (LTP
SWHARD)

• SIIT (LTP
SWHARD),
STAM, UNEW

• SIIT (LTP
SWHARD)

• STAM

• STAM

• STAM

• SIIT (LTPs
ONAIR and
AITEK)

• SIIT (LTPs
ONAIR and
AITEK), STAM

• SIIT (LTPs
ONAIR and
AITEK)

Crowd flow models.

• STAM

• STAM

• STAM, MDM, SIIT
(LTPs ONAIR and
AITEK)

Enabling technologies for
crowd management and
analysis

• SIIT (LTPs
ONAIR and
AITEK)

• SIIT (LTPs
ONAIR and
AITEK)

• SIIT (LTPs ONAIR
and AITEK), STAM
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5. RECOMMENDATIONS ON CURRENT STATION DESIGN AND
ACCESSIBILITY
STANDARDS
AND
GOOD
PRACTICE
GUIDELINES
5.1. Legal Background
Since 1991 many European legislations have been produced in order to create a “Single
European Railway Area” – SERA – allowing private or regional enterprises to run their own trains
on the national networks, or on the track of other EU Member States’ railway systems. These
legislations address both the technical requirements and the institutional requirements to achieve
the SERA. Implementing a rail background that allows the trains of different countries to move
beyond the borders is a slow and difficult process because each country has infrastructure and
rolling stock with very different characteristics, e.g. trains have different dimensions (as already
discussed in D5.1 [4]) and cannot cross the borders. The latest set of legislation – the fourth
railway package – has been adopted in 2016 and includes a “technical pillar” and a “market pillar”.
It excludes urban rail (metro, tram and light rail and some suburban and regional rail systems)
from the “Technical pillar” and it replaced1 the former “European Rail Agency” by the “European
Union Agency for Railways” (still known as ERA) as the authority in charge of coordinating the
implementation of the common technical concepts across Europe. The ERA is the entity in charge
of monitoring the implementation of the so-called “Technical Specifications for Interoperability”
(TSI [4]) allowing for trains to run all over Europe.
One of the TSI is dedicated to Persons with Reduced Mobility, the “PRM TSI”2. It has been
published in November 2014 and complemented in May 2019. This PRM TSI applies to the
infrastructure, operation and traffic management, telematics applications and rolling stock
subsystems. It covers all aspects of these subsystems which are relevant to accessibility for
persons with disabilities and persons with reduced mobility.
A guide for the application of the PRM TSI has been produced in English and other languages
are available. This guide has also Appendices3.
In this framework, FAIR Stations provides a technical support to the PRM TSI with new solutions
that allow achieving the ERA objective.

5.2. TSI/Standard
The European Union aims to the unify the country members from the economic and political point
of view. Transports also play a key role in achieving this goal; in particular ERA is the body in
charge for the harmonization of the national railway transport systems in order to create a
European rail network capable of connecting all member countries. ERA has defined technical
and operational standards that must be respected by each subsystem (or part of them) to ensure
the interoperability of the railway system of the European Union. These standards are collected
in the TSI, while the subsystems are defined in the Directive (EU) 2016/797 [4]. For each
subsystem, essential requirements need to be defined and classified in relation to the topic such
as safety, reliability and availability, health, environmental protection, technical compatibility, and
accessibility.

1

through the ERA Regulation (EU) 2016/796.

2

www.era.europa.eu/sites/default/files/activities/docs/iu_tsi_guide_annex01_prm_tsi_en.pdf
www.era.europa.eu/sites/default/files/activities/docs/iu_tsi_guide_annex01_prm_tsi_appendices_en.pdf

3
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Particularly interesting in FAIR Stations are the TSI applied to those aspects which are relevant
to accessibility for persons with disabilities and PRMs [3]. TSI shall apply to the following
networks:
•
•
•

Trans-European conventional rail system network as defined in Annex I, section 1.1 of
Directive 2008/57/EC [5];
Trans-European high-speed rail system network as defined in Annex I, section 2.1 of
Directive 2008/57/EC;
All other parts of the SERA network.

TSI are not mandatory for the cases reported in Article 1(3) of Directive 2008/57/EC (urban rail
systems).

5.2.1. Station Design
In the one hand, there are various aspects covered by European and national norms, on the other
hand, there are several points that could be improved as listed below:
•

•

•
•

The sleeper-direction gradient of the platform has not much standardised in Europe. The
gradient is at many circumstances necessary for drainage, while gradient down towards
the railway track turns out to be a danger for trolleys (passenger baggage), wheelchairs,
baby buggies, and rollators.
There seems no particular regulation of distances between tactile and platform edge: this
might turn out to be a risk for those relying on it, as they would get wrong information about
the distance to the platform from it, potentially leading them to a danger zone of the
platform unexpectedly;
Currently, there it seems no particular rules for escape space under the platform, as well
as the installation of obstacle detection devices on a railway track. This could be a point
of improvement in the future.
There is limited guidance on placement of pictograms information: in today’s context
where lots of international passengers are using railway stations, pictogram will help such
people to obtain necessary information. Some European guideline for pictogram
placement would be desirable.

5.2.2. Door Access
For door access, there are a number of aspects that need to be considered:
•
•
•
•
•
•
•
•
•
•

No Europe-wide guideline for the gap between trains and platforms exist nowadays. Some
national norms imply that around the 40 mm to 50 mm gap is optimal.
Two doors have been designed for two different train types: long distance trains and short
distance trains.
Doors were designed following TSI provided by ERA and included in the Commission
Regulation (EU) No 1300/2014.
Doors dimensions allow the access of wheelchair users.
Internal and external steps are properly dimensioned.
The edge of the steps is in contrast with surrounding colour.
Command buttons, handrails, handles, and signals are properly dimensioned and
integrated.
Buttons, handrails, handles, and signals are clearly visible thanks to the colour contrast
with the background.
Internal area of the rail car is properly dimensioned to guarantee PRM access.
The doors are designed considering that they must be compatible and integrable with the
PTI system (Flexy2Ramp).
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5.2.3. Intermodality
The European legal background for intermodality is basically made of:
•

•

the legislation on Rail Passenger Rights and Obligations4. The initial text of 2007
(Regulation (EC) No 1371/20075) in under revision since 2017, with a scope under debate
which also covers cross-border urban, suburban and regional services (non cross-border
services can still be exempted);
the European Accessibility Directive6 (Directive (EU) 2019/882) of April 2019 on the
accessibility requirements for products and services. UITP has produced an
Implementation Guide for the public transport sector7.

5.3. Comparison/Barriers
This section summarises some comparisons for standards, and highlights barriers.

5.3.1. Station Design
•
•

Standardized analysis method for status quo. Some good practices e.g. MofA-Method
which was developed in Austria.
Platform height of mainline stations tends to be standardized within each Member
States in the last decades along with upgrading railway stations. This leads to better
barrier-free train access for domestic trains. However, different standardized heights
are used in different Member States to standardize the platform heights: this leads to
problematic situations for international trains, both for long-distance services and local
cross-border services. This is the most crucial element for barrier-free train access
design for all the stakeholders i.e. infrastructure managers, railway undertaking, and
rolling stock manufacturers, as well as passengers. In the next decades,
standardization throughout Europe will be a big challenge. A good chance is that the
standardized heights used in Member States seem to converge to three different
heights of 550 mm, 760 mm, and 960 mm above the rail head.

5.3.2. Door Access
•

Standardized analysis method for status quo. Some Infrastructure managers and
railway undertakings in Member States e.g. Austrian Federal Railways have
developed their own comprehensive checklist to evaluate the barrier-free entry /
interior design of the railway wagon. In some Member States, there seems none that
is comparable to that.

5.3.3. Intermodality
The analysis of rail stations in the EU and internationally, and of the past station-related projects
presented in D3.1 [2] indicates that station design has some features that are common but that

4

https://ec.europa.eu/transport/themes/passengers/rail_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32007R1371
6 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019L0882&from=EN
7 https://www.europarl.europa.eu/RegData/etudes/IDAN/2016/571382/IPOL_IDA(2016)571382_EN.pdf
5
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many have specific design constraints that make it very difficult to reach a harmonised way of
categorising the stations. In fact, within the same country different infrastructure managers may
apply different categorisation criteria. Other countries and entities do not even have any form of
categorisation.
The FAIR Stations project proposed that a station categorisation should capture the following
variables:
•
•

(Inter-)National, Regional, Metro or Light Rail (highest hierarchical level)
And then:
o
Whether it is an interchange
o
Passenger flows per annum
o
Levels of platforms: Elevated, at Ground level or Underground
o
Commercial and leisure facilities
o
Accessibility for PRM groups
o
Security and resilience

A combination of these characteristic gives a station category. In the description of the station, it
is important though to also list what key assets constitute the station (such as elevators, lifts,
stairs, gangways, etc.).
The key findings of the studies performed in FAIR Stations in terms of stations design have shown
that the main issue is the design of assets – infrastructure, rolling stock, equipment to be used by
public transport customers and there are very different challenges between the Greenfield
projects and the upgrade or extension of existing networks (Brownfield projects). It is easier and
now most often mandatory to implement a comprehensive approach of accessible stations,
vehicles, and equipment in the new projects, while adaptation of existing systems is always very
difficult for technical, operational, and financial reasons. Appropriate funding of such works is
often not seen as a priority when public budgets are asked to be reduced.
Other barriers have been identified:
•

•

•
•

•

Today’s multi-modal and multi-functional railway stations offer more and more commercial
services which are not directly part of the set of transport services along the origindestination travel. They contribute to make the stations attractive for passengers and
provide additional incomes to the operators and station managers. This, however, is often
managed with strong commercial interests (monetising the station space), and the real
needs of the railway passengers, which are the most numerous users, are not always
placed at the forefront, making rail travel less attractive.
Issues like accessible ticket vending machines, and adequate lighting can be tackled with
relatively small investment, while difficulties that must be addressed through large-scale
renovations of stations, which potentially include architectural and civil engineering works,
tend not yet to be appropriately considered. A good preparation to eliminate such
remaining difficulties is needed, as this type of large-scale renovations is practically only
possible once in decades.
European legal requirements (TSI) for mainline railway stations still have some
shortcomings, such as the regulation of the sleeper-direction gradient of platforms.
Requirements by each PRM group are unique to each other: each PRM group has
different requirements at railway stations. A good accessible checklist covering the
different needs of each PRM group (e.g. wheelchair users, walking impaired, visually
impaired, hearing impaired, etc.) is available; however, it is used only locally. Such a
comprehensive accessibility checklist applicable at a European level is strongly
recommended.
From the PRM socio-technical studies (focus group discussion, observational trips, PRM
questionnaires and stakeholder questionnaires), it has emerged that:
o The most cardinal design factors are Human Factors Engineering (HFE) &
accessibility, safety, information & signage.
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o

•

PRMs feel that design for accessibility is not done with all PRMs groups in
mind.
o The most highly impacted PRM groups are wheelchair users and the blind.
o Crowd flow was identified as an overarching concern, particularly during peak
times.
o PRMs are more likely to need help in the station when boarding, but less
assistance is needed when alighting.
o Most stakeholders would be strongly supportive in the implementation of
station designs that promote accessibility.
For long and medium distance travellers, addressing issues related to rail passengers’
baggage will foster the use of the railway in a strong way, as it is a more significant
determining factor for modal choice than pricing, changes and travel time; With
currently available technologies and services, baggage services for railway
passengers that is comparable to that of the airlines, or even more comprehensive
such as door-to-door services, are within a range of realistic system installation.
European level technical coordination is wished to enable comprehensive services
over the national border.

5.4. Recommendations for updating TSI/standards
Inevitably, the research work in FAIR stations has revealed that there are pioneering outcomes
that will need a review of existing policies, standards, and guidelines. This section lists some of
the main areas.

5.4.1. Station Design
•

•

•

•

•

Sleeper-direction gradient: In our comparison, Austria is only the country which has
a national regulation to place drainage in the middle of the platform. This could be a
basis for an international standardization. It is recommended to update TSI to
incorporate this for all newly built stations. Retrofitting calls for a complete
reconstruction of platform and thus this should be liaised with reconstruction of
platforms. A systematic guidance is recommended so that railway infrastructure
managers can easily and systematically adapt their maintenance and reconstruction
plans.
Distance between tactile and platform edge: there seems no standardization in
Europe with this respect. A Europe-wide standardization is recommended so that
those relying on tactile can receive correct information anywhere in Europe, regardless
of when using mainline or interoperable suburban railways.
Escape space under the platform: as the installation of such space depends on the
height of the platform, further research is recommended to better understand in which
circumstances (e.g. platform height) such space is more meaningful, and in which
circumstances other methods such as steps to go up to the platform is more
meaningful. Based on such research, similarly to sleeper-direction gradient, standards
for newly built stations and guidance for retrofitting will be recommended.
Obstacle detection devices: compared to the escape space, installation of obstacle
detection devices has an advantage in that it calls for placement of mattress-like
device on the track. Installations at all stations may not be financially viable. Rather, it
is recommended to set an international guideline about in which occasion it should be
placed, in relation to the number of passengers at the platform during peak hours,
available platform width, availability of door screen (platform doors) etc. It is also
recommended to interlink this system to the train protection system so that breaks of
nearby trains are automatically activated upon detection of obstacles.
Pictograms: UIC’s standardization is posited to be a good basis for an international
standard valid both for mainline and interoperable suburban railways. Not only the
pictogram themselves should be standardized, but also the colour contrast, font size
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•

•

•

in case of character-based information, etc. should be made in line with the EN 165841:2017.
Comprehensive analysis method: some countries have good practices in
standardizing comprehensive status-quo analysis method with regard to all aspects of
usability, accessibility, and barrier-freeness, with a wide variety of different user groups
taken into consideration. Such standardized analysis method will help infrastructure
managers to identify gaps between the current and optimal status.
Marking of door position: with or without help from driver assistance devices, the
stopping position of the train should be standardized so that the door position for all
passengers is standardized as much as possible. For each single railway line, door
positions should be standardized as much as possible to enable this, optimally with
max. two or three variations. This will enable clear marking and tactile paving towards
designated doors for barrier-free boarding. Furthermore, this will enable more
organized passenger information with precise door locations so that the passengers
with reservation can wait near the entrance of the wagon with reserved seat. This will
help reduce dwelling time at the station, making train travel faster and train operation
more efficient.
Standardized European sing system for wayfinding: A European norm for
standardized wayfinding scheme in the train station and at any other public transport
nodes is recommendable so that pictograms, colour codes, font size, placement,
terminology etc. are standardized.

5.4.2. Door Access
•

•

•

•
•
•
•

Easily recognizable door for barrier-free boarding possibility: a standard should
be set to guide how to mark barrier-free access door(s) on the outside of the train so
that it is clearly visible even from a distance. The marking should be in line with
international symbols and pictograms showing e.g. wheelchair and baby buggies, such
as UIC pictogram.
Acoustic and visual door opening/closing signal: standardized acoustic door
signal indicating location(s) of opening/closing doors will be needed. Visual signal such
as blinking light is also necessary. Ideally, both types of signal should last at least two
seconds before the movement of the door panel starts.
Door control element: Required visual contrast of the door control elements should
be standardized. Door operating buttons and stop request buttons should be
standardized so that blind and visually impaired people can find and recognize them
easily. This will in turn enhance usability for all passengers. Vertical positioning of door
operating elements should be also standardized, ideally max. 110cm above platform
level on the outside.
Sound source of acoustic signals: sound source should be placed near the door
operating elements. This should be also clearly guidance in TSI or elsewhere.
High contrast in the train interior: all steps, step edges and danger areas must be
marked clearly with high contrast. However, generally any step in the train sets should
be avoided, rather than giving warning with high contrast.
Lighting: the entrance area should be well illuminated. Some standardization in this
respect is optimal.
Standardized certification on barrier-freeness level: a standardized certification
system is recommended so that train door suppliers and rolling stock manufacturers
are systematically certified and obliged to disclose the level of barrier-freeness of their
products. For example, a similar labelling system used to disclose the energy
efficiency class for the different levels of barrier-freeness is a possible method for such
a standardized certification system. Type approval of rolling materials should take
such certification into consideration.
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5.4.3. Intermodality
The surveys developed in D2.1 [1] have shown that about half of the railway passengers fall into
the group with mobility impairments. The improvement of accessibility for all users relies not only
on the design of rail stations and trains, but also on the services proposed for persons with
disabilities in terms of information (on accessible assets) and ticketing (universal access to
vending machines) all along the travel chain between an origin and a destination.
Information and signage have a major bearing on other design factors being considered in the
FAIR Stations project, such as crowd flow, design for emergencies, safety, security, and HFE &
Design for accessibility. Ticketing is a very strong area of concern with potentially a huge impact
on other areas such as crowd flow and safety. These topics are largely covered by the recent
Accessibility Directive and other EU legislation existing and under review (PRM TSI, Passenger
Right, etc.).

What is still to be implemented or reinforced is a cooperation of the various stakeholders
covering long-medium public transport and local public transport along the origindestination travel chain in order to define commonly agreed specifications. This
cooperation should be mainly between the mainline railway undertakings (in cooperation
with the ERA) and with the local public transport authorities.
Transport stakeholders have to acknowledge that:
•
•

the railway undertakings operate services under commercial rules8 and have to follow the
PRM TSI requirements and European mandatory legislation;
on the contrary local public transport services are operated under public services
requirements mostly decided and funded by autonomous local public authorities (with a
large part of local taxpayer contributions). These local authorities have also to apply
European and national legislations, but they are those responsible for deciding and
imposing contractual obligations (usually presented in open tenders) to operators of local
Public Transport services. These local (subsidized) PT services are most often multimodal and part of an integrated urban PT system. However, there is a potential conflict
between the PRM customers and the other PT users in huge mass transit networks: local
PT vehicles are often very crowded with standing passengers at least at peak periods,
and the services headway is often very low, so, economically speaking, wheel chair use
may not be compatible with the general interest. This is why local authorities may
implement some specific services on dedicated vehicles for PRM under specific contracts
as an alternative to the local mass transit services.

In addition, local public transport services are now challenged by new services under the concept
of MaaS (Mobility as a Service) operated on a commercial basis and not addressing the PRM
needs. Another recommendation is to set up at EU level measures to encourage local authorities
to now consider an integrated urban mobility offer taking into account all the mobility solutions
which could be used by the various categories of citizens – including the various categories of
PRM. The mobility policy objectives should be:
•

first to serve the daily life mobility needs of the “local citizen”: it is only the responsibility
of local authorities to decide on the global set of services proposed with a financial

8

Although not properly balanced with the road and air sector transport due to the lack of proper internalization of the
so-called “external effects” of each transport mode.
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•

support of the local taxpayer to the local citizen for their local travel (by very far the most
important market in terms of passengers carried in EU);
and, to serve the mobility needs of the “European citizen” – who is a citizen travelling
outside his/her city and across Europe: there lies the major interface with railways
undertakings concerned by the “last-mile” part of the travel of their customers. Part of the
solutions proposed for PRM (related to the intercity travel) are driven by the EU SERA
rules and by the railway undertakings, and another part of the solutions (for the “lastmile” inner city travel) requires an agreement with the responsible local public transport
authorities. In all cases there is a financial issue and allocation of responsibilities needs.
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6. CONCLUDING REMARKS
Although the first two exploitable outputs were initially targeted at TRL3, the actual outputs (crowd
flow models and solution for the PTI) represent TRL4/5. It is therefore recommended that future
projects move these outs to TRL7/8, with the expectation that they can be commercialised in the
near future (1 – 3 years for virtual solutions and 3 – 5 years for physical solutions).
FAIR Stations project had a very successful working relationship with the complementary projects
PIVOT and IN2STEMPO. It is envisaged that as part of the exploitation plan, the door system
design concept will be considered as part of the PIVOT follow on project (PIVOTs), while the
platform based PTI automated boarding system would be moved forward through IN2STEMPO
which ends in 2022.
Detailed recommendations (policy and standards) have been presented as a consequence of the
outcomes of deliverable D2.1, and the design concepts for the PTI boarding system, crowd
modelling and accessible doors system.
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