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Abstract 

This Technical Specifications and Interface Requirements Specifications (TS-IRS) document outlines the 
comprehensive requirements for the SIGN-AIR platform. The platform facilitates efficient and secure 
generation and monitoring of data sharing agreements and smart contracts between multimodal 
transport service providers (TSPs). The document details the functional, non-functional, and interface 
requirements necessary to deploy the SIGN-AIR solution, emphasising data orchestration through its 
core functionalities: onboarding, discovery, negotiation, settlement, and post-settlement processes. 
By integrating the SIGN-AIR platform within the existing transport ecosystem, the document 
underscores the benefits of streamlined data sharing contracts and multimodal coordination, leading 
to optimised passenger journeys and improved overall system efficiency. 
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1. Executive summary 

This document provides the detailed functional, non-functional, and interface requirements of SIGN-
AIR solution. 

The SIGN-AIR solution via a web platform manages the contractual aspects of Data Sharing 
Agreements (DSAs) and Smart Contracts (SCs), ensuring efficient and secure data exchange to optimise 
passenger multimodal journeys and improve overall system resilience. The SIGN-AIR web platform 
enables Transport Service Providers (TSPs) from different modes to create, modify, terminate, and 
monitor signed contracts, including both Data Sharing Agreements (DSA) and Smart Contracts (SC). 
Notably, the storage of TSPs’ data and all data-sharing processes occur outside the SIGN-AIR 
platform, enhancing data security and integrity. 

A DSA is an electronic contract that specifies the terms and conditions for data sharing, defining the 
datasets that the Data Provider TSP makes available to the Data Consumer TSP and outlining their 
usage terms. Complementing the DSA, the SC integrates both legal and technological components, 
detailing the objectives of one or more DSAs by defining specific triggers, actions, and terms related to 
revenue sharing and responsibility sharing. 

To achieve the generation and monitoring of DSAs and SCs with specific multimodal data-sharing goals, 
the core service of the SIGN-AIR platform is contractual aspects data orchestrator (Figure 7). The 
ecosystem apart of the TSPs systems includes: 

● Travel companion apps (typically powered by Mobility as a Service providers or software 
houses) that interface with the traveller. 

● Data standardisation platforms like TransiTool (TT), which enable TSPs of public transport to 
standardise their data for sharing. 

● Journey orchestrators and itinerary creation platforms such as SYNC-REACT (Intermodal 
Synchronization & Disruption Management) creates and manages combined itineraries for 
multimodal travel, integrating schedules from different modes of transport 

The solution target details the integration of the SIGN-AIR platform into the existing transport 
ecosystem, highlighting interconnectivity between various stakeholders, including airports, airlines, 
railway operators, and travel companion services. Specific (data sharing goals-oriented) and basic use 
cases were generated to facilitate requirement elicitation and enablers definition, which form the core 
of this document. 
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2. Introduction 

2.1 Purpose of the document 

This document defines the technical specifications (TS) and interface requirements specifications (IRS) 
for SIGN-AIR solution.  

This report is the final TS/IRS for SIGN-AIR solution at TRL6, and It consolidates all the functional, non-
functional and interface requirements characterising the solution, aligned the verification and 
validation activities planned, performed and reported in the TVALP and TVALR respectively.  

2.2 Scope 

This document encompasses the TS/IRS for the SIGN-AIR solution, addressing the TRL6 phase. It 
consolidates all the functional, non-functional, and interface requirements that characterise the 
platform. The scope includes the verification and validation activities performed, as reported in the 
(T)VALR D2.9. The document outlines the necessary architectural enablers, technical specifications, 
and requirements needed to implement the platform effectively. This includes a detailed examination 
of the solution target architecture, the impacts on baseline SESAR target architecture, and 
recommendations for implementation, ensuring that all aspects of the SIGN-AIR solution are 
thoroughly covered. 

This TS-IRS provides the technical functional and non-functional and interface requirements, ensuring 
all stakeholders have a common understanding of what the SIGN-AIR solution proposes to achieve. It 
includes an extended background, glossary, and module definitions to set the operational context, 
providing a structured framework to guide developers, engineers, and architects through the process, 
ensuring compatibility and seamless operation of all components. 

2.3 Intended readership 

This document is intended for use by SESAR 3 JU and the representatives of the transverse and 
federating projects, specifically AMPLE3 and PEARL. Additionally, it may be of interest to 
representatives of multimodality projects such as MultiModX, MAIA, PRIAM and Travel Wise. 
Furthermore, various sections of this report may be relevant to end users of the SIGN-AIR platform, 
including airports, airlines, railway operators, and other stakeholders like Eurocontrol and Airport 
Council International. 
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2.4 List of acronyms  

The table below lists the acronyms, and their definitions used in this document.  

Table 1: List of acronyms 

Term Definition 

ACT Acceptable Connection Time 

AOP Airport Operation Plan 

AMQP Advanced Message Queuing Protocol 

AOCC Airport Operations Control Center 

APOC AirPort Operations Centre 

ATM Air traffic management 

ATFCM Air Traffic Flow and Capacity Management  

CAP Common Alerting Protocol 

CIM Central Information Management 

DES Digital European Sky 

DMM Disruption Management Module 

DSA Data Sharing Agreement 

GA Grant agreement 

GDPR General data protection regulation 

GTFS General Transit Feed Specification 

GTFS-RT General Transit Feed Specification Real Time 

HE Horizon Europe 

IATA SSIM International Air Transport Association Standard Schedules Information Manual  

IOCS Integrated Operation Control System 

ID Identifier 

MCT Minimum Connection Time 

MQTT Message Queuing Telemetry Transport 
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NeTex  Network Timetable Exchange 

NOV NATO Operational View 

NSV NATO Systems View 

OCC Operational Control Center 

PAR Performance assessment report 

RC Resource configuration 

REG Regulatory deliverable 

RMS Revenue Management System 

RTS Rail Transportation Systems 

SAR Safety assessment report 

SC Smart Contract 

SDD Service description document 

SESAR Single European sky ATM research 

S3JU SESAR 3 Joint Undertaking 

SIRI Standard Interface for Real-time Information 

SLAs Service Level Agreement 

SPR-
INTEROP/OSED 

Safety and performance requirements - interoperability requirements / 
operational service and environment description 

STAND Standardisation deliverable 

TC  Travel Companion  

TT TransiTool 

TRL Technology readiness level 

TS/IRS Technical specifications / interface requirements specifications 

TSPs Transport Service Providers 

USP Unified Schedule Processor 

USSP U-Space Service Provider 
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VALP Validation plan 

2.5 Background 

SIGN-AIR solution is the implementation of the Smart Contracts Framework (SCF) that was designed 
during SYN+AIR exploratory research project (ER) of SESAR enhanced by a set of algorithms developed 
in TRANSIT exploratory research project. 

Smart Contracts Framework 

The Smart Contracts Framework (SCF) is a business process designed to define data exchange rules 
among Transport Service Providers (TSPs). This framework aims to facilitate seamless passenger 
transport across a multimodal chain of trips by establishing a centralised hub for contract 
management. Through the web platform SIGN-AIR, TSPs can create, modify, terminate, and validate 
signed contracts, encompassing both data-sharing agreements and smart contracts. Importantly, the 
storage of TSPs’ data and all data-sharing processes are executed externally to the SIGN-AIR platform. 

Data Sharing Agreements, Smart Contracts, and their relationship (Figure 1) 

A Data Sharing Agreement (DSA) is an electronic contract that specifies the terms and conditions for 
data sharing. It defines the datasets that the Data Provider TSP makes available to the Data Consumer 
TSP, outlining their usage terms. Complementing the DSA, the Smart Contract (SC) includes both legal 
and technological components. It details the objectives of one or more DSAs by defining specific 
triggers, actions, and terms related to revenue sharing and responsibility sharing. 
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Figure 1: Data Sharing Agreements and Smart Contract main elements 

The process of generating and monitoring contracts (both DSA and SC) is divided into several steps: 
Onboarding, Discovery, Negotiation, Settlement, and Post-Settlement, which are further explained in 
the section 3.1.1 SESAR solution overview. To ensure the scalability of the system and avoid 
duplication of existing systems, the SCF incorporates third-party services provided by external modules 
or web platforms. These services are crucial for interfacing with the contract management platform 
for various functions: 

• Detailed data analysis for the DSA during the discovery phase  

• Identification of promising intermodal/combined routes (e.g., SYNC-REACT),  

• Standardisation of data during negotiation (e.g., TransiTool). 

• Execution of algorithms used in post-settlement monitoring (e.g., Optimization 
algorithms for operations developed in TRANSIT, which will be refined and used in the 
triggers and actions of a smart contract). 

• Interface with travellers and monitoring of the DSA during post-settlement (e.g., 
Travel companion app module). 

The potential benefits of using the SCF are summarized in Table 2 
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Table 2: Potential benefits of implementing and using SCF 

Potential Benefits Description 

Enhanced Efficiency and 
Automation 

-Streamlined Processes: The Smart Contracts Framework (SCF) automates 
the creation, modification, and termination of contracts, reducing the time 
and effort required for manual handling. This leads to quicker execution of 
agreements and minimises administrative overhead. 

-Real-Time Updates: Smart contracts can automatically update in real-time 
based on predefined conditions and triggers, ensuring that all parties have 
access to the most current data and terms and therefore can serve to 
monitor data sharing processes.  

Improved Data Management 
and Sharing 

-Centralised Hub: SIGN-AIR provides a centralised platform for managing 
contracts, which simplifies data exchange between TSPs. This 
centralization enhances the accuracy and reliability of shared data while 
allowing TSPs to keep their data in their repositories.  

-Standardised Data: Using external modules for data standardisation (e.g. 
TransiTool), TSPs can ensure consistency and compatibility of data formats, 
facilitating smoother interoperability between different systems. 

Enhanced Reliability and 
Accountability 

-Clear Terms and Conditions: Smart contracts include detailed terms 
regarding revenue sharing, responsibilities, and triggers for actions, which 
help to clearly define and enforce the obligations of each party. 

-Automated Compliance: Smart contracts ensure compliance with agreed 
terms by automatically enforcing the conditions set out in the contract. 
This reduces the risk of non-compliance and disputes. 

Cost Savings 

 

-Reduction in Operational Costs: Automation and streamlined processes 
reduce the need for manual interventions, which can lower operational 
costs associated with contract management. 

-Optimised Resource Allocation: By using algorithms for operations 
optimization (developed in projects like TRANSIT), TSPs can better manage 
and allocate their resources, leading to further cost savings. 

Increased Transparency and 
Trust 

-Immutable Records: Smart contracts provide a transparent and 
immutable record of all transactions and agreements, which builds trust 
among participating TSPs. 

-Auditability: The detailed logs and records generated by the SCF can be 
used for auditing purposes, ensuring accountability and traceability of 
actions. 

Scalability and Flexibility -Third-Party Integration: The SCF’s design allows for the integration of 
third-party services such as travel companion services, external modules 
to provide specific functionalities to improve both meeting the data 
sharing goals and monitoring of the contracts and standardisation 
platforms, which provides flexibility and scalability.  

-Adaptability: The framework’s ability to incorporate various modules (e.g., 
synchronisation of timetables, real-time monitoring) ensures that it can 
adapt to changing requirements and conditions in the transport 
ecosystem. 
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No previous TS/IRS has been delivered however SYN+AIR_D5.1: Report on the Smart Contracts 
Framework is a relevant deliverable that presents the use of SCF concept.  

2.6 Structure of the document 

TS/IRS Part I covers the technical specifications by describing the functional architecture overview and 
the service view, providing information on the functional and non-functional requirements of SIGN-
AIR solution. It highlights the recommendations for the implementation as well as the assumptions 
taken. 

This document is organised as follows: 

1. Executive summary that covers a brief description of the scope of this TS/IRS, a summary of 
the contribution to the modelling activities in common taxonomy. It lists the main changes 
with respect to previous editions are and finally addresses open points to be tackled in future 
activities. 

2. Introduction: general introduction, scope and purpose of the document. This section also 
provides an extensive glossary of terms and modules definition used in this TS/IRS.  

3. SESAR Solution Impacts on Architecture. This chapter provides an overview of the solution, 
including the architecture and relationships with the common taxonomy. It also provides the 
analysis of relevant use cases and the list of applicable standards. Furthermore, it provides the 
actors impacted by the solution, the impacts on the airports operations and passenger 
experience and the relationships with information sharing systems of different actors.  

4. Technical Specifications. This chapter provides the description of the technical architecture 
viewpoint including analysis, design considerations, views and requirements. 

5. Recommendation for Implementation. This chapter provides the description of the 
implementation options identified in this TS. 

6. Assumptions made that have an impact on the technical specifications described in section 4. 
7. References and applicable documents. 
8. Annex 1 contains all the operation views complementing section 3 and 4 since SIGN-AIR does 

not have an OSED document.  

 

2.7 Glossary of terms and definitions 

This section provides terms along with their definitions, including references to the sources (Table 3). 
Additionally, it introduces terminology relevant to the SIGN-AIR solution, such as definitions of 
multimodal data-sharing objectives and specific services linked vocabulary. Nevertheless, a live 
glossary to bridge the gap between air and rail transport sector is being created and can be found 
following this link. 

https://www.sign-air.eu/?page_id=152
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Table 3: Glossary terms of multimodality 

Term Definition 

Acceptable connection 
time (ATC) 

Acceptable Connection Time (ACT): In the context of multimodal travel, such as transferring from a high-speed train to a flight, the Acceptable Connection Time (ACT) 
is the calculated duration that optimally balances the need for sufficient transfer time to ensure the passenger does not miss their flight, while minimising excessive 
waiting time at the airport. This duration is determined based on a combination of factors, including Minimum Transfer Time and Buffer Time.  

Action A contractual obligation that must be respected by a Party in the event in which a Trigger is released. Actions are specified in a smart contract. “Action” in the context 
of a smart contract refers to the required response or task that must be performed when a predetermined condition, known as a “Trigger,” is met. This is a fundamental 
aspect of how smart contracts function within blockchain technology, automating contract enforcement without human intervention. 

Air Traffic Flow and 
Capacity Management 

Air Traffic Flow and Capacity Management (ATFCM) is a vital process within the air traffic management (ATM) system that aims to ensure a safe, orderly, and expeditious 
flow of air traffic. It involves the coordination of air traffic control (ATC), air traffic flow management (ATFM), and airspace management (ASM) to balance demand and 
capacity, optimize the utilization of airspace, and minimize delays. 

Strategic Planning: Long-term planning to forecast demand and manage capacity based on historical data and predicted trends. 

Pre-Tactical Planning: Planning done a day before operations, considering weather forecasts, airspace restrictions, and expected traffic volumes. 

Tactical Operations: Real-time management of air traffic to address immediate capacity and demand imbalances. 

Application 
programming interface 
(API) 

Set of functions, protocols, parameters, and objects of different formats, used to create software that interfaces with the features or data of an external system or 
service  

Buffer time An additional time allowance to account for potential delays or unexpected disruptions in the travel schedule, providing a margin of safety to reduce the risk of missing 
the flight. Usually is calculated as the difference between maximum and minimum connecting time 

Business Function Represents a collection of business behaviour based on a chosen set of criteria (typically required business resources and/or competencies), closely aligned to an 
organization, but not necessarily explicitly governed by the organization. 

Business Service Represents explicitly defined behaviour that a business function exposes to its environment. 

Common Taxonomy The Common Taxonomy is defined as a set of elements and their relationships. It is used to capture and harmonise the information that is needed to be developed, 
integrated and maintained throughout the ATM lifecycle to streamline, accelerate and make more efficient the transition from R&I to deployment 

Contractual unification Contractual unification refers to the process of combining multiple transport services provided by different operators (e.g., airlines, railways, buses) into a single, legally 
binding contract. This unified contract ensures that all aspects of a multimodal journey are governed by one agreement, providing passengers with consistent terms, 
protections, and responsibilities across the entire trip.  

1. One Contract for Multiple Services: 
o Passengers purchase a single ticket that legally covers all segments of their journey, regardless of the number of operators involved. 
o This eliminates the need for separate contracts for each leg of the trip. 

2. Unified Passenger Rights: 
o The passenger is protected under a single set of rules for the entire journey. 

https://www.iso.org/obp/ui#iso:std:iso-iec-ieee:26531:ed-2:v1:en:term:3.1.23
https://www.iso.org/obp/ui#iso:std:iso-iec-ieee:26531:ed-2:v1:en:term:3.1.23
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o For example, if a disruption occurs (e.g., a train delay causes a missed flight), the unified contract ensures consistent rebooking, compensation, or 
assistance across all legs of the trip. 

3. Shared Responsibilities Among Operators: 
o Transport Service Providers (TSPs) involved in the journey agree to allocate responsibilities (e.g., handling disruptions, providing refunds) through 

pre-defined terms within the unified contract. 
o This removes the burden from passengers to resolve issues with individual operators. 

4. Simplified Terms and Processes for Passengers: 
o Passengers deal with one entity for booking, travel updates, and customer service, even if multiple operators provide the services. 

Contract template A model contract that shall be used as a basis for negotiation by the TSPs. More specifically 
A contract template for a data sharing agreement is a predefined document framework that outlines the terms and conditions under which data is exchanged between 
parties. This template includes both non-negotiable and negotiable parts: 
●        Non-Negotiable Parts: These are fixed clauses and conditions that must be included in every data sharing agreement to ensure compliance with legal, regulatory, 
and organisational standards. Examples include definitions, confidentiality obligations, data protection measures, and termination clauses. 
●        Negotiable Parts: These are clauses and conditions that can be customised based on the specific needs and agreements of the involved parties. The negotiable 
parts follow a drop-down list logic, allowing users to select from predefined options. Some clauses may have dependencies, meaning that selecting a particular option 
may require the inclusion of additional related clauses or conditions. 
A contract template for a smart contract is a predefined document framework that outlines the conditions, triggers and actions under which the data sharing is 
executed. This template includes both non-negotiable and negotiable parts.  
●        Non-Negotiable Parts: These are fixed clauses and conditions that must be included in every smart contract to ensure compliance with legal, regulatory, and 
organisational standards.  
●        Negotiable Parts: These are (triggers and actions) conditions that can be customised based on the specific needs and agreements of the involved parties. The 
negotiable parts follow a drop-down list logic, allowing users to select from predefined options. Some conditions may have dependencies, meaning that selecting a 
particular option may require the inclusion of additional related clauses or conditions. 
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Data attributes Data attributes refer to the specific characteristics or properties that define and describe a piece of data within a dataset or database. These attributes provide detailed 
information about the data, helping to understand, categorise, and utilise it effectively. Data attributes are essential for data management, analysis, and processing. 
Here are the key aspects of data attributes: 
Definition: 
●        Characteristics or Properties: Data attributes are the distinct qualities or features that describe a data element. For example, in a dataset containing information 
about employees, attributes might include name, age, job title, and salary. 
Types of Data Attributes: 
●        Descriptive Attributes: Provide information about what the data represents. For example, a “Name” attribute describes the name of an individual. 
●        Structural Attributes: Define the structure of the data, such as its data type (e.g., integer, string, date) and format. 
●        Behavioural Attributes: Describe how the data behaves in relation to other data, such as relationships and dependencies. 
Importance: 
●        Data Quality: Attributes help in assessing the quality of data, including accuracy, completeness, and consistency. 
●        Data Management: They are crucial for organizing and managing data within databases, enabling effective data retrieval and manipulation. 
●        Data Analysis: Attributes provide the necessary context for data analysis, helping to identify patterns, trends, and insights. 
Attributes Metadata: 
●        Name: The identifier or label of the attribute. 
●        Data Type: The type of data the attribute holds (e.g., integer, string, date). 
●        Length/Size: The maximum size or length of the data. 
●        Default Value: The initial value of the attribute if none is provided. 
●        Constraints: Rules governing the attribute’s values (e.g., unique, not null). 

Data sharing ‘Data sharing’ means the provision by a data holder of data to a data user for the purpose of joint or individual use of the shared data, based on voluntary agreements, 
directly or through an intermediary 

Data sharing 
agreement, DSA 

A data sharing agreement is an e-contract* that defines the data that a data provider TSP makes available to a data consumer TSP, and that sets out the specific terms 
and conditions for the lawful use of such data. The objective of a data sharing agreement (such as single ticketing, synchronisation of timetables, optimization of 
resources, increased ridesharing, etc.) may be detailed in a smart contract. 

General Transit Feed 
Specification (GTFS 

The General Transit Feed Specification (GTFS) is an Open Standard used to distribute relevant information about transit systems to riders. It allows public transit 
agencies to publish their transit data in a format that can be consumed by a wide variety of software applications. Today, the GTFS data format is used by thousands 
of public transport providers. GTFS consists of two main parts: GTFS Schedule and GTFS Realtime. The GTFS Schedule contains information about routes, schedules, 
fares, and geographic transit details, and it is presented in simple text files. This straightforward format allows for easy creation and maintenance without relying on 
complex or proprietary software. 
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Electronic contract An electronic contract or e-contract is a traditional agreement formulated online. The parties interact with one another in a digital format, rather than physically. 
Although it is digital, an eContract is still a legal contract. It is an agreement between two individuals or companies to create binding mutual obligations that must meet 
certain legal elements to be enforceable. It has to be noted that the eEIDAS Regulation establishes the principle that an electronic document cannot be denied legal 
effect on the grounds that it is in an electronic form. In a world where goods can be ordered online by a simple click, the traditional method of parties executing 
documents in wet ink on paper is anachronistic. Therefore, the use of qualified electronic signatures that conform to the eEIDAS Regulation is certainly of added value 
for the contracts concluded on the SYN+AIR platform. 

External Smart 
Contract model 

The external smart contract model refers to a dualistic contractual construction in which certain clauses are extracted from the traditional contract and, subsequently, 
transformed into code. The purpose of this setup is to automate certain conditional logic elements of the initial contract, so the required actions execute automatically 
upon fulfilling the relevant conditions. The traditional contract is superior to the coded extract, which forms an external part of the contract, thereby relating to the 
smart contract code definition. The code merely represents an automated tool for execution, as opposed to a legal binding instrument as such”. See IDSA and Linklaters, 
“Whitepaper Smart Contracts and Distributed Ledger – A Legal Perspective”, August 2017, p.14. 

International Air 
Transport Association 
Standard Schedules 
Information Manual 
(IATA SSIM) 

The SSIM is the official set of standards, guiding the industry with recommended practices, messaging formats and data processing procedures that are to be used by 
all IATA member airlines and their business partners for the exchange of airline schedules, communication of airport coordination information and minimum connect 
time data. 

Interoperability Interoperability refers to the ability of different systems, devices, applications, or products to connect, communicate, and work together effectively without requiring 
special effort from the user. This concept is crucial in ensuring that various components within an ecosystem can seamlessly exchange and interpret shared data, 
leading to cohesive and efficient operations. 

Journey planner 
functionality (travel 
companions) 

A feature that enables users to plan, organise, and optimise their travel routes and itineraries. This functionality typically includes capabilities such as real-time route 
planning, step-by-step navigation, estimated travel times, and multimodal transportation options. It leverages real-time data and user preferences to provide 
personalised and efficient travel solutions, enhancing the overall travel experience by minimising delays, improving convenience, and offering alternative routes and 
modes of transport. 

Minimum Transfer 
Time  

The minimum amount of time required to safely transfer between the train arrival and flight departure, considering the time needed for activities such as disembarking 
from the train, transit between terminals, security checks, and boarding procedures. 

Monitoring Dashboard The SIGN-AIR Monitoring Dashboard is a feature of the SIGN-AIR platform, utilised post-settlement phase, for real-time oversight and management of data sharing 
agreements (DSAs) through the execution of smart contracts. This advanced interface provides a comprehensive view of the status and performance of ongoing DSAs, 
enabling Transport Service Providers (TSPs) and administrators to track, analyse, and manage data exchanges and contract fulfilment. Key features include real-time 
data monitoring, performance metrics, automated alerts for contract breaches or anomalies, and detailed reporting capabilities. The SIGN-AIR Monitoring Dashboard 
ensures transparency, compliance, and efficiency in the execution of multimodal transport agreements, facilitating proactive management and resolution of issues to 
maintain seamless transport operations. 

Network Timetable 
Exchange (NeTeX) 

NeTEx is a CEN Technical Standard for exchanging Public Transport schedules and related data. It is divided into three parts, each covering a functional subset of the 
CEN Transmodel for Public Transport Information: 
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Part 1 describes the Public Transport Network topology (CEN/TS 16614-1:2014); 

Part 2 describes Scheduled Timetables (CEN/TS 16614-2:2014); 

Part 3 covers Fare information (CEN/TS 16614-3:2015) 

Part 4 European Passenger Information Profile – EPIP (CEN/TS 16614-4:2017) 

Part 5 Alternative modes exchange format (CEN/TS 16614-5:2021) 

Part 6 European Passenger Information Accessibility Profile – EPIAP (under definition) 

Passenger experience 
(multimodality) 

Passenger experience in multimodality refers to the holistic perception and satisfaction of passengers as they transition between different transport modes (e.g., rail, 
air, bus) within a single journey. It encompasses various factors, including, safety, and security, trip duration, transfer time, comfort all of which play critical roles in 
shaping the overall travel experience. Enhancing passenger satisfaction goes beyond just meeting these basic needs. It involves improving the quality of travel time 
itself. Once safety, reliability, and speed are ensured, passengers seek a pleasant, seamless journey, which includes well-designed waiting areas, clear signage, less 
waiting time, and amenities such as cafés and seating areas. In multimodal transport, especially with door-to-door journeys, reducing transfer times between modes 
and improving connectivity also play crucial roles. 

The main factors are: 

Safety and Security: Safety and security are paramount in ensuring a positive passenger experience across different transport modes. This includes both physical safety 
(i.e., the prevention of accidents and adherence to safety regulations) and the security of personal belongings and data. Passengers expect a high standard of safety 
and security across all modes to feel protected during their journey (Janic, 2015). Multimodal systems need to have integrated safety protocols and information sharing 
to maintain consistent standards. 

Trip Duration: The total journey time is a crucial determinant of passenger satisfaction. Passengers tend to prefer multimodal systems that minimize overall travel 
time, including the time spent waiting between connections. Reducing unnecessary delays and streamlining transfers between modes, such as trains and airplanes, 
improves the overall efficiency of the journey (Rodrigue, Comtois, & Slack, 2017). 

Acceptable Transfer Time: Transfer time is a significant factor in multimodality, as long or poorly coordinated transfer times can increase stress and reduce satisfaction. 
Studies suggest that acceptable transfer times should strike a balance between allowing enough time for passengers to comfortably make their connection without 
being excessive (Guo & Wilson, 2011). Multimodal systems are more effective when they reduce waiting times between connections while ensuring that passengers 
don’t feel rushed. 

Comfort: Comfort is a key aspect of multimodal travel, particularly in long journeys that require the use of different transport modes. This includes the quality of 
seating, temperature control, noise levels, and the availability of amenities such as Wi-Fi, food services, and legroom (Vuchic, 2007). Ensuring passenger comfort across 
modes enhances the seamlessness of the journey. 

Information Availability: Clear, accessible, and real-time information at transfer points significantly enhances the passenger experience. Effective communication of 
delays, disruptions, or changes in schedules helps reduce uncertainty and anxiety during multimodal journeys (Jou, 2001). Providing accurate, real-time updates 
through mobile apps or digital signage ensures that passengers can navigate their multimodal journey with confidence. 
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In summary, passenger experience in multimodality is shaped by a combination of factors, including comfort, efficient trip duration, acceptable transfer times, safety, 
and the availability of real-time information. A well-coordinated and user-centric multimodal system improves the convenience and satisfaction of passengers, 
ultimately leading to increased usage of integrated transport solutions. 

Rail Transportation 
Systems (RTS)  

Rail Transportation Systems (RTS) encompass the infrastructure, vehicles, technologies, and operational processes involved in the provision of rail-based transport 
services. This includes urban metro systems, regional and intercity rail services, high-speed rail networks, and freight rail operations. 

Key Components: 

●        Infrastructure: Rail tracks, stations, signalling systems, and maintenance facilities that support the operation of rail services. 

●        Rolling Stock: The vehicles used in rail transport, including locomotives, passenger cars, and freight wagons. 

●        Operational Management: Scheduling, dispatching, and control systems that ensure the safe and efficient movement of trains. 

●        Technological Systems: Advanced technologies such as automated train control, real-time passenger information systems, and predictive maintenance tools. 

Timeframes: 

●        Planning Horizon: Involves long-term planning, typically spanning several years, to ensure infrastructure and capacity meet future demand. 

●        Operational Horizon: Focuses on short-term scheduling and real-time management, typically covering days to weeks, to optimise the daily operation of rail 
services. 

●        Tactical Horizon: Bridges the gap between planning and operational horizons, covering a period of weeks to months, to align medium-term operational strategies 
with long-term goals. 

Smart Contract (SC) A computer program stored in an electronic ledger system wherein the outcome of the execution of the program is recorded on the electronic ledger.  
-Legal Terms (Human-Readable) – A formalized, legally binding document defining responsibilities, rebooking rules, compensation policies, and compliance with 
regulations (e.g., EU261 for flight delays). 
-Executable Code (Machine-Readable Smart Contract) – A self-executing program that automatically enforces the SLA terms based 
A Smart Contract is a self-executing digital agreement that automates the enforcement of the legal part, ensuring transparency, compliance, and automated execution 
of predefined conditions. It consists of two core layers: 
1. Legal Part (Readable– A human-readable contract that defines the rights, obligations, and service expectations between parties. This includes terms for disruptions, 
rebooking, compensation, service usage, and compliance with regulatory frameworks. 
2. Software Part (Machine-Readable Code) – The automated execution layer, which is divided into two functional components: 
Data Processor – Collects, validates, and processes real-time input data from external sources such as ticketing systems, service logs, operational platforms, and third-
party integrations. 
Execution Engine – Evaluates predefined contract conditions and triggers automated actions based on real-time data. These actions can include rebooking, 
compensation issuance, service activation, access authorization, or financial settlements. 

Telematics 
Applications for 

Applications for passenger services including systems which provide passengers with information before and during the journey, reservation and payment systems, 
luggage management and management of connections between trains and with other modes of transport. Also defined as Travel Companion (TC).  
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Passenger services or 
(Travel Companion) 

Transport Service 
Provider (TSP) 

An entity whose primary business is (i) the provision of transportation to or for occupants in vehicles, (ii) the provision of hardware, software or connected services (or 
combinations thereof) to enable occupants to access and use software or connected services for or within a vehicle or (iii) the provision of Vehicles used for the 
transportation of Occupants. 
In the context of SIGN-AIR, TSP is any company that offers transport services such as an airline, an airport, a railway operator, Railway Undertakings (a company or 
entity that is licensed and authorized to provide rail transport services for passengers or freight) etc.  

Travel companion app  A Travel Companion is a platform, web and/or mobile app that allows a user to plan, book a trip, navigate from point A to point B. Additionally these apps might provide 
auxiliary services to travellers such as cost calculations or re-accommodation management.  

User Agreement A user agreement legal document identifies the authorised users of the TSP, including the signing representative, administrative (both legal and technical personnel as 
well as the viewers. It incorporates a privacy policy to protect their personal data and requires users to acknowledge the application of the platform’s Terms and 
Conditions (T&Cs). This ensures that all parties are aware of their roles, responsibilities, and the privacy measures in place, while also confirming their acceptance of 
the governing rules and guidelines set forth by the platform. 
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2.7.1 Specific glossaries & definitions clarifications 

The following sections present more specific glossaries focused on ticketing, disruption management, 
and the roles and permissions of SIGN-AIR’s end users.  

2.7.1.1 Ticketing terms 

The following table (Table 4) presents the ticketing terms and definitions which are highly used in SIGN-
AIR data sharing goals.  

Table 4: Ticketing glossary 

Term 
Definition Source 

Ticket 
booking 

Ticket booking is the process of reserving a seat or space for a specific 
journey or service, typically facilitated through a ticketing system. 
During the booking process, the passenger selects their preferred 
travel options, which then generates a provisional ticket contract, 
outlining the terms of the journey and securing the passenger’s 
entitlement to travel once the booking is confirmed. 
Key Elements: 

● Selection: Passengers choose specific travel options based on 
their preferences, such as departure time, route, and seating. 

● Reservation: The system reserves a seat or space for the 
passenger, ensuring availability for the chosen journey. 

Provisional Ticket Contract: This initial reservation acts as a provisional 
agreement between the passenger and the transport service provider. 

Kimes, S. E. (1994). 
Yield management: 
A tool for capacity-
constrained service 
firms. Journal of 
Operations 
Management, 12(4), 
348-363 

Ticket 
contract 

A ticket contract specifically refers to the agreement associated with a 
particular travel ticket. It details the terms and conditions related to a 
specific journey, including the travel itinerary, fare, and the passenger’s 
entitlement to use the transport service. 
Key Elements: 

● Travel Itinerary: Specific details of the journey, including 
departure and arrival points, times, and any transfers. 

● Fare: The cost associated with the ticket and any related 
payment terms. 

● Passenger Entitlement: The rights of the passenger to use the 
transport service for the specific journey. 

● Conditions of Carriage: Rules and regulations governing the 
transport service, including baggage policies, conduct, and 
liability. 

● Validity: Specific date or time period during which the ticket 
can be used. 

Scope: 
● Typically limited to a single trip or a series of connected trips 

under one fare. 
Focuses on the specifics of the journey for which the ticket is issued. 

Hodgkinson, D. 
(1999). International 
Air Carrier Liability: 
The Montreal 
Convention of 1999. 
Ashgate. 

Haanappel, P. P. C. 
(2013). European 
Union Air Transport 
Law. Kluwer Law 
International. 

Ticket 
entitlement 

A ticket entitlement refers to the rights and privileges granted to a 
passenger upon purchasing a ticket for a transportation service. This 
entitlement is a legally binding agreement between the passenger and 
the transport service provider, specifying the terms and conditions 
under which the transport service will be provided. The forms of ticket 

Scholten, S., & 
Scholten-Verheijen, 
I. (2016). Passenger 
Rights: The 
Passenger Rights 
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entitlements can vary, including physical tickets, electronic tickets (e-
tickets), and mobile tickets. Each form will contain essential details 
such as the travel itinerary, payment terms, passenger rights and 
obligations, conditions of carriage, and policies regarding cancellations, 
changes, and refunds. Ticket entitlements ensure that both parties 
have a clear understanding of their respective rights and 
responsibilities, providing a framework for resolving any disputes that 
may arise during the travel process. 

Key Elements: 
Travel Itinerary: Details of the journey including dates, times, and 
locations. 
Payment Terms: Information on the cost of the ticket and payment 
conditions. 
Passenger Rights and Obligations: Rights such as boarding priority and 
obligations such as check-in times. 
Conditions of Carriage: Rules and regulations governing the transport 
service. 
Cancellation and Refund Policies: Terms under which a ticket can be 
cancelled and the conditions for refunds. 
Change Policies: Guidelines for making changes to the travel itinerary. 
Liability and Compensation: Provisions for compensation in case of 
delays, cancellations, or other service disruptions2. 
Force Majeure: Conditions under which the transport service provider 
is not liable for disruptions due to unforeseen events. 

Handbook. Kluwer 
Law International. 

Ticket 
Issuing 

Ticket issuing is the process of generating and providing the passenger 
with the actual travel document, which serves as proof of the ticket 
contract and the passenger’s entitlement. This document can be in 
various forms, such as a digital ticket, QR code, or physical ticket. 
Key Elements: 

● Generation: Creation of the travel document containing 
essential details such as travel itinerary, passenger 
information, and unique identification code. 

● Delivery: Providing the ticket to the passenger through email, 
SMS, in-app download, or physical printout. 

Chen, R., & Liao, J. 
(2009). Study on the 
Application of 
Electronic Ticket in 
Modern Airlines. 
Journal of Service 
Science and 
Management, 2(2), 
110-116. 

Ticket 
Purchasing 

Ticket purchasing is the process where a passenger completes the 
payment for their reserved journey, thus formalising the ticket 
contract. This step confirms the passenger’s ticket entitlement, 
transforming the provisional booking into a confirmed travel 
arrangement. 

Key Elements: 

● Payment: Completion of the financial transaction using 
various payment methods. 

Toosi, H. A., & Aryan, 
S. (2011). E-ticketing 
in airline industries. 
International Journal 
of Business and 
Management, 6(7), 
262. 

 
2 Note: Responsibility sharing is included in the SC and it depends on the ticket purchase and the agreement 
between the TSPs.  
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● Confirmation: The ticket contract is finalised, confirming the 
passenger’s entitlement to travel on the specified journey. 

Ticket 
Validation 

Ticket validation is the process of verifying the authenticity and validity 
of the issued ticket at the point of entry or boarding. This step ensures 
that the ticket contract is honoured, and the passenger’s entitlement 
is legitimate. 
Key Elements: 

● Verification: Checking the ticket against a database to ensure 
it is genuine and has not been used previously. 

● Access Control: Allowing the passenger to proceed with their 
journey upon successful validation of their ticket. 

In both air and rail transport, the types of tickets and validation 
methods have evolved significantly, focusing on convenience, 
flexibility, and security. The common ticket types and their validation 
methods are listed below 

1. Smart Cards (used in rail transport, especially urban and 
commuter systems): 

o Technology: Typically use Near-field Communication 
(NFC) or magnetic stripes. 

o Validation: Passengers tap their card on a contactless 
reader or swipe through a magnetic reader. This 
method stores the user’s travel data, deducting the 
fare from a preloaded balance. These cards are easy 
to issue and maintain, though if not account-linked, 
losing the card means losing the balance. 

2. Mobile Tickets (common in both air and rail travel): 
o Technology: Passengers use an app to generate a 

dynamic QR code or barcode. 
o Validation: The QR code or barcode is scanned at 

turnstiles or by ticket inspectors. This method is 
growing in popularity due to the convenience of 
using a smartphone and real-time updates. 

3. Paper Tickets with Barcodes/QR codes (still used in both 
sectors): 

o Technology: Printed paper tickets feature a QR code 
or barcode. 

o Validation: Scanned at validation points by handheld 
devices or turnstile readers. This method, although 
phasing out in some places, remains in use for 
travellers without access to smart devices. 

4. Contactless Bank Cards & Digital Wallets (open loop systems 
emerging in rail and air travel): 

o Technology: Passengers tap their contactless-
enabled bank card or digital wallet (e.g., Apple Pay) 
on an NFC reader. 

o Validation: Works in real-time, with the system 
charging the fare directly to the bank account. This 
method eliminates the need for separate travel cards 
and is gaining traction. 

5. Seasonal Cards and Tickets (used in rail for frequent 
travellers): 

Law, R., & Leung, R. 
(2000). A study of 
airlines’ online 
reservation services 
on the internet. 
Journal of Travel 
Research, 39(2), 
202-21 

 

Finžgar, L., & Trebar, 
M. (2011). Use of 
NFC and QR code 
identification in an 
electronic ticket 
system for public 
transport. 19th 
International 
Conference on 
Software, 
Telecommunications 
and Computer 
Networks 
(SoftCOM), 1-6. 

 

Jogekar, R., Wasnik, 
R., Supare, P., 
Gawande, N., & 
Chopkar, H. (2020). 
A review on QR-code 
based ticket booking 
system. 
International Journal 
of Scientific 
Research in Science 
and Technology, 
7(1), 103-107. 

Dongare, T., Babar, 
A., & Kulkarni, S. 
(2014). Android 
application for ticket 
reservation with GPS 
as ticket validation. 
International Journal 
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o Technology: Smart cards or digital passes that cover 
a specified period (weekly, monthly, or yearly). 

o Validation: Similar to regular smart cards, seasonal 
passes are validated by tapping on NFC readers. In air 
transport, frequent flyer cards or membership-based 
electronic passes also work similarly, providing 
access to multiple services. 

of Emerging 
Research in 
Management & 
Technology, 3(3), 71-
74. 

 

In the context of the transport field, certain terms are often used interchangeably by stakeholders 
(e.g., ticket contract and travel contract) due to their apparent similarity in meaning. While these terms 
may seem synonymous at first glance, they represent distinct concepts with important differences that 
must be understood. Misusing or conflating these terms can lead to confusion or misalignment. 
Therefore, the following paragraphs aim to clarify the nuanced distinctions between these terms, as 
outlined in the table above, ensuring a shared and accurate understanding among all readers. 

Ticket contract vs travel contract 

There is a distinction between a ticket contract and a travel contract. Both involve agreements 
between passengers and transport service providers, but they serve slightly different purposes and 
encompass different scopes. Summary of Differences is shown in the table below (Table 5).  

Table 5: Differences between terms of ticket contract and travel contract 

 Ticket Contract Travel Contract: 

Scope: 
 

Limited to a specific journey or 
series of connected journeys 
under one fare. 

Broader, encompassing multiple 
aspects of the travel experience, 
including transport, 
accommodation, and other 
services. 

Content: Focuses on the specific terms of a 
single transport service including 
the responsibility of the TSP in case 
of disruption. . 

Includes various services and 
detailed terms covering the entire 
trip, stating clearly the 
responsibility of the actors and the 
provided services at interchanges 
areas if applicable.  

Purpose Ensures the passenger’s right to 
use a particular transport service. 

Ensures the passenger’s right to a 
comprehensive travel experience, 
often involving multiple service 
providers and services. 

 

Ticket Entitlement vs Ticket contract 

The terms “ticket entitlement” and “travel contract” are closely related and in many cases are used as 
synonyms but have distinct differences. A ticket entitlement is part of the travel contract, outlining 
what the passenger is entitled to with their ticket. So, their key differences are presented at the 
following table.  
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Table 6: Differences between Ticket Entitlement and Ticket contract 

 Ticket Entitlement Travel Contract 

Scope 
Focuses on the specific rights and 
benefits granted to the passenger 
upon purchasing a ticket. 

Encompasses the full legal 
agreement between the 
passenger and the service 
provider, detailing all terms and 
conditions of the service. 

Complexity Generally simpler, covering the 
immediate benefits and terms 
related to the ticket. 

More comprehensive and 
complex, covering all legal aspects 
of the service relationship. 

Examples of usage Used to inform passengers of their 
specific travel rights and privileges. 

Used to legally bind both the 
passenger and the service provider 
to agreed-upon terms and 
conditions. 

 

Multi-agent ticket vs single ticket 

A multi-agent ticket in transport refers to a travel document or digital credential that enables a 
passenger to use services provided by multiple transport operators or service providers within a single 
journey or travel itinerary. It typically includes details of all participating transport modes (e.g., air, rail, 
bus, maritime) and the respective segments, allowing seamless transitions across providers without 
the need for separate tickets for each segment. 

A multi-agent ticket enables seamless travel by combining services across different modes of transport 
and operators into one cohesive ticket. It offers interoperability, integrating various transport modes 
such as air, rail, bus, and maritime services to streamline travel planning. With integrated pricing, it 
provides passengers with a unified fare structure, often including discounts or special rates for 
multimodal journeys. By simplifying journey management, it reduces the complexity of coordinating 
travel, allowing passengers to rely on a single ticket for multiple legs of their trip. The framework relies 
heavily on data-sharing agreements between operators to facilitate booking, validation, and disruption 
management, ensuring a seamless and user-friendly experience. 

Real-life examples of multi-agent tickets include the Air France & SNCF TGV AIR program, which 
combines air travel and high-speed rail services in France under one booking. In urban settings, the 
London Oyster Card integrates metro, bus, and bike-sharing systems into a unified payment solution. 
Similarly, Scotland’s Caledonian Sleeper and ferry tickets allow travellers to easily transition between 
rail and maritime services for journeys to remote islands. These examples highlight the potential of 
multi-agent tickets to simplify complex travel itineraries and enhance passenger convenience. 

The multi-agent ticket and single ticket share the goal of enabling seamless multimodal journeys across 
multiple transport service providers (TSPs). However, they differ primarily in the contractual and 
operational frameworks underpinning them. Below is a comparison based on definition of a single 
ticket.  
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Feature  Single ticket Multi-agent ticket 

Contractual Framework Represents a single, unified 
multimodal contract. Passengers 
enter into one agreement that 
covers all transport services. 

Involves separate but 
interoperable contracts between 
the passenger and each TSP. 
Coordination between TSPs is 
facilitated through technical or 
operational arrangements. 

Passenger Protection Provides comprehensive 
protection in case of disruptions, 
with responsibilities clearly shared 
among all involved carriers. 

May offer less integrated 
protection; each TSP typically 
handles disruptions 
independently, though 
mechanisms like rebooking or 
compensation may be 
coordinated. 

Ticket Entitlement Serves as a formal entitlement, 
consolidated under one ticket for 
the entire journey. 

Typically involves multiple 
entitlements, aggregated to create 
a unified travel experience. 

Responsibility Sharing Responsibilities of each carrier are 
predefined and clearly stated in 
the single ticket’s terms and 
conditions. 

Responsibilities may be less 
standardized, depending on 
agreements between TSPs. 

Conditions & Tariffs TSPs must agree on tariffs, check-
in times, and other operational 
conditions as part of the single 
contract 

Conditions and tariffs may vary 
between providers, although 
systems ensure compatibility and 
usability. 

Level of Personalization Issued for a specific passenger, 
requiring identification details 
(e.g., name). 

May or may not be tied to a 
specific passenger; flexibility 
depends on the implementation 

Integration Approach Relies on formalized legal 
agreements and shared standards 
for a cohesive user experience. 

Focuses on technical integration, 
such as interoperability of 
ticketing systems and platforms, 
without necessitating a unified 
legal framework. 

 

Hence, while a single ticket provides passengers with a unified multimodal contract offering 
comprehensive protection and clear accountability, a multi-agent ticket takes a more modular and 
interoperable approach to integration. It serves as a precursor or alternative to a single ticket, 
particularly in systems where achieving legal and operational unification across carriers is challenging. 
Instead of focusing on contractual unification, the multi-agent ticket emphasizes technical and 
operational connectivity, enabling seamless coordination between transport service providers. So, 
current examples such as Air France-SNCF (TGV AIR) and Lufthansa-DB (Express Rail) tickets prioritize 
technical and operational integration without full contractual unification. These partnerships focus on 
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aligning their systems and processes to offer passengers a seamless travel experience, but they stop 
short of combining their services under a single, legally unified contract.  

Technical and Operational Integration:  

• Interoperability of Systems: These partnerships involve integrating booking systems, 
schedules, and ticketing platforms to make it easier for passengers to plan and purchase 
multimodal journeys. For instance: 

o A passenger can book both the flight and train legs of their journey in one transaction, 
often through a single platform like the airline’s website. 

o Check-in and ticket validation processes may be streamlined to reduce passenger 
effort. 

o Coordinated Schedules: Airlines and rail operators synchronize timetables to facilitate 
smooth connections between air and rail services. 

o Data Sharing: Both operators share data on passenger bookings, seat allocations, and 
travel updates to ensure a cohesive journey. 

No Full Contractual Unification:  

• Separate Responsibilities: Despite the seamless booking and coordination, each operator 
retains responsibility for its portion of the journey. 

• If a train is delayed and a passenger misses their flight, the rail operator may not automatically 
guarantee rebooking on a later flight—this is often subject to specific terms, rather than a 
unified contract. 

• Independent Terms and Conditions: Passengers are bound by the individual terms of service 
of each operator (e.g., the airline’s conditions for the flight and the rail operators for the train 
leg). 

• Fragmented Passenger Protection: Compensation, rebooking, or disruption handling may 
involve separate processes for each mode of transport, rather than a single policy covering the 
entire journey. 

2.7.1.2 Disruption management terms 

The following tables provides a comprehensive list of key terms related to disruption management in 
multimodal transport systems presented in a sequence that mirrors the typical progression of a 
disruption event, from the identification of a minor disturbance, through various stages of response 
and recovery, to long-term resilience planning. This ordered approach illustrates the lifecycle of 
disruptions, from the detection of an event culminating in recovery and contingency measures to 
mitigate future occurrences. By organizing the terms in this way, the table highlights the chronological 
flow of disruption management, from incident detection to the ultimate restoration of services, 
making it easier to understand the phases involved in handling transport disruptions and their impacts 
on passengers and operators. 

Stage I – Event Identification: The initial detection or recognition of a disruption in the transport 
network. Event identification involves monitoring systems or reports from operational staff or 
passengers to spot disturbances, delays, or crises. 

Stage II -Event Response: The immediate actions taken after a disruption is identified. This could 
involve rerouting, adjust schedules, or coordinate with emergency teams. Quick event response is key 
to minimizing the impact on passengers and operations. 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.08 

 

  
 

 

Page | 31 
© –2023– SESAR 3 JU 

 

 
 

Table 7: Disruption management terms 

Stage  Term Description  Reference 

N/A Event/Alert In the context of transport, an event refers to any 
occurrence or incident that affects the normal 
operation of transport services.  

1. Events can be planned (e.g., maintenance 
work or public holidays) or unplanned (e.g., 
accidents, technical failures, or weather-
related incidents).  

2. Unplanned events often lead to disruptions, 
delays, or disturbances. Effective event 
management involves identifying, 
responding to, and mitigating the impacts of 
such occurrences. 

McDonnell, S., 
Ferreira, L., & Charles, 
P. (2009). “The role of 
incidents in urban 
transport system 
management.” 
Transport Reviews, 
29(1), 29-49. 

N/A Incident In the context of aviation, the term “incident” is 
specifically defined by international regulations, 
such as those of the International Civil Aviation 
Organization (ICAO), and refers to any 
occurrence, other than an accident, which affects 
or could affect the safety of operations. Incidents 
are categorized based on severity and can include 
anything from minor technical issues to more 
serious situations that do not result in fatalities or 
serious damage. 
Air transport tends to categorize incidents with a 
specific focus on safety and operational risk, 
particularly focusing on events that could lead to 
accidents if not addressed. 
 
In the railway industry, the term “incident” also 
refers to any event that disrupts the normal 
operation of the rail service. However, it may not 
always be directly linked to safety. Railway 
incidents could include delays, minor technical 
failures, or track obstructions, but can also refer 
to more severe events like collisions or 
derailments. Depending on the severity, railway 
incidents are categorized into minor incidents 
(e.g., delays caused by signal issues) and major 
incidents (e.g., derailments or collisions). In 
Europe, organizations like the European Union 
Agency for Railways (ERA) set guidelines for 
reporting and managing such incidents. 
Rail transport uses the term more broadly, 
applying it not only to safety-related events but 
also to operational inefficiencies and service 
disruptions. 
 

ICAO (2010). Annex 13 
to the Convention on 
International Civil 
Aviation: Aircraft 
Accident and Incident 
Investigation. 

European Union 
Agency for Railways 
(ERA) (2020). “Railway 
Safety Directive and 
Common Safety 
Indicators” 
Regulations. 
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While “incident” in both air and rail transport 
refers to events that impact operations, in 
aviation it is more strictly associated with safety, 
and incidents are often precursors to potential 
accidents. In railways, it includes a broader 
spectrum of events affecting both safety and 
operational efficiency. 

N/A Response 
capacity 

It refers to the ability of a transportation network 
to quickly and effectively react to disruptions, 
disturbances, or crises, minimizing impacts on 
service continuity, safety, and passenger 
satisfaction. This capacity is determined by the 
coordination between stakeholders, the 
availability of resources, and the deployment of 
mitigation strategies. 

Key elements of response capacity include: 

-Detection and Communication: The speed and 
accuracy with which a disruption is identified and 
communicated to the necessary actors (e.g., 
airlines, rail operators, emergency services). 

-Resource Allocation: The availability of human, 
technical, and infrastructural resources to 
respond effectively to disruptions. 

-Real-Time Decision-Making: The ability to make 
timely, informed decisions to mitigate the 
immediate effects of disruptions (e.g., rerouting, 
adjusting schedules, and managing passengers). 

-Stakeholder Coordination: In multimodal 
systems, response capacity involves collaborative 
decision-making among stakeholders such as 
airports, airlines, rail operators, and emergency 
teams. 

Rinaldi, S.M., 
Peerenboom, J.P., & 
Kelly, T.K. (2001). 
Critical infrastructure 
interdependencies 

I Disturbance A localized, minor event or issue that causes 
temporary interruptions to transport services 
without major delays or impacts. Disturbances 
can stem from small technical malfunctions, 
minor weather changes, or operational 
inefficiencies. These events may slightly affect the 
schedule but do not halt the service. 

Van Oort, N., & van 
Nes, R. (2009). 
“Regularity analysis 
for optimizing urban 
transit network 
design.” Public 
Transport, 1(2), 115-
126 

I Delay A minor deviation from the transport schedule, 
where services continue but operate behind time. 
Delays are typically caused by manageable factors 
like traffic congestion, minor technical issues, or 
boarding delays 

Carey, M., & 
Kwieciński, A. (1994). 
“Stochastic 
approximation to the 
effects of delays on 
the optimal 
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dispatching of trains.” 
Transportation 
Research Part B: 
Methodological, 
28(4), 251-267. 

I Crisis A significant, high-impact disruption in transport 
services requiring urgent intervention. Crises can 
arise from severe weather events, major 
accidents, strikes, or security incidents that 
threaten operational stability and safety. 

Rosenthal, U., & 
Kouzmin, A. (1997). 
“Crisis and crisis 
management: Toward 
comprehensive 
government decision 
making.” Journal of 
Public Administration 
Research and Theory, 
7(2), 277-304. 

II Delay 
Attribution 

The process of determining the specific cause of a 
delay or disruption and assigning responsibility to 
the appropriate party, such as an airline, railway 
operator, or maintenance team. 

D’Ariano, A., Pranzo, 
M., & Hansen, I. A. 
(2007). “Conflict 
resolution and train 
speed coordination 
for solving real-time 
timetable 
perturbations.” IEEE 
Transactions on 
Intelligent 
Transportation 
Systems, 8(2), 208-
222. 

II Real-Time 
Passenger 
Information 
(RTPI): 

Systems that provide passengers with up-to-date 
information regarding delays, disruptions, and 
alternative routes in real-time. RTPI minimizes 
passenger inconvenience by keeping them 
informed during unexpected events 

Grotenhuis, J. W., 
Wiegmans, B. W., & 
Rietveld, P. (2007). 
“The desired quality of 
integrated multimodal 
travel information in 
public transport: 
Customer needs for 
time and effort 
savings.” Transport 
Policy, 14(1), 27-38. 

II Decision 
Support 
System  

A system that uses real-time data, analytics, and 
predictive modelling to support operators in 
making informed decisions during disruptions.
  

Chen, L., & Zhang, Z. 
(2020). “Decision 
support systems for 
urban rail transit 
emergency 
management.” Safety 
Science, 130, 104899. 
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II Collaborative 
Decision-
Making (CDM) 

A process where multiple stakeholders, including 
transport operators, airports, and rail companies, 
coordinate and share information to manage 
disruptions efficiently. CDM helps in making 
informed, timely decisions to restore normalcy. 

Xu, W., & de Almeida, 
P. (2020). 
“Collaborative 
decision-making and 
its impact on air 
transport resilience.” 
Journal of Air 
Transport 
Management, 86, 
101819. 

III Response 
measures 

These are measures to deal with the immediate 
impacts of the disruption. This is a necessary step 
before recovery can take place. Response 
measure focus on planning, institutional and 
legal, frameworks, training and optimising 
existing infrastructure. Some examples are 
contingency plans and timetables, user 
communication plans, information systems for 
rescue workers, legal and contractual 
frameworks, support tools on which responses to 
prioritise and lane reversal and shoulder use (on 
roads). 

International 
Transport Forum 
(2016). Transport 
System Resilience. 

III Mitigation 
plans 
/measures 

Strategies to reduce the severity or duration of a 
disruption, ensuring minimal impact on 
passengers and operations. Thet increase the 
robustness of the system. Mitigation is a pro-
active tool, meaning measures are taken before 
the disruption takes place (ex-ante). 

European Commission 
(2014). “Mitigation 
measures for 
managing disruptions 
in multimodal 
transport. ¨ 
International 
Transport Forum 
(2016). Transport 
System Resilience. 

III Adaptation 
measures 

These measures increase the rapidity of recovery. 
Adaptation is a reactive tool, meaning measures 
are taken after the disruption has taken place (ex 
post). The concepts generally associated with 
adaptive capacity are flexibility, agility, 
collaboration and communication. 

International 
Transport Forum 
(2016). Transport 
System Resilience. 

III Recovery 
Measures 

Actions aimed at restoring transport services to 
full functionality, such as system recalibration and 
service resumption strategies. 

International 
Transport Forum 
(2016). Transport 
System Resilience. 

III Contingency 
planning 

Predefined plans and strategies designed to 
mitigate the effects of major disruptions. These 
plans ensure that operators are prepared to 

Gwilliam, K. (2008). 
“Contingency 
planning for transport 
system disruptions.” 
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handle crises and service disruptions quickly and 
efficiently. 

The World Bank 
Group. 

 Rapidity of 
recovery. 

This is the time needed for a transport system to 
get back to the service level or level of operations 
before the disruption took place (time of 
recovery). A related concept is the adaptability of 
the transport system. 

(Rehak et al., 2019 

 

Categorization Based on Severity (Across Transport Modes) 

The disruptions are often categorised based on severity, ranging from minor delays to full-service 
discontinuations or crises. The following table presents the terms used per severity of disruption and 
divides them per sector.  

Table 8: Disruptions based on their severity and sector used 

Term Definition  Sector (Air-A, 
Railways-R) 

Reference 

Minor Delay A brief deviation from the 
schedule without major impact 
and no need of rerouting, 
timetable adjustments etc. 

A, R  Yan, S., & Su, H. (2003). 
“Optimal airline schedule 
adjustments with time-
dependent flight delay 
information.” Transportation 
Science, 37(4), 392-408. 

Perturbation A small, unplanned deviation in 
rail or transport operations that 
causes minor disruptions but 
does not significantly affect 
overall service. It often refers to 
minor operational inefficiencies 
(e.g., delays in train dispatch or 
minor technical issues) that can 
propagate into larger problems if 
not managed. 

R Goverde, R. M. P. (2010). “A 
delay propagation algorithm 
for large-scale railway traffic 
networks.” Transportation 
Research Part C: Emerging 
Technologies, 18(3), 269-287. 

Moderate 
Disruption 

A delay or operational issue that 
affects several services but can 
be managed with existing 
contingency plans (e.g., 
rerouting, timetable 
adjustments). 

A, R Yan, S., & Su, H. (2003). 
“Optimal airline schedule 
adjustments with time-
dependent flight delay 
information.” Transportation 
Science, 37(4), 392-408. 

Major Disruption  A significant event that impacts 
multiple services or entire 
networks, requiring extensive 
intervention (e.g., severe 

A Cook, A., Tanner, G., & Zanin, 
M. (2010). “Air traffic 
management complexity as a 
key contributor to flight delay 
propagation.” Journal of Air 
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weather, strikes, major technical 
failures). 

Transport Management, 16(6), 
287-293. 

Catastrophic 
Disruption/Crisis 

A critical incident with long-
lasting effects, such as natural 
disasters, accidents causing loss 
of life, or major security 
incidents. 

R, A Rosenthal, U., & Kouzmin, A. 
(1997). “Crisis and crisis 
management: Toward 
comprehensive government 
decision making.” Journal of 
Public Administration Research 
and Theory, 7(2), 277-304. 

Service 
Interruption 

Temporary cessation of service, 
often used when discussing 
scheduled maintenance or short-
term operational pauses. 

A, R Van Oort, N., & van Nes, R. 
(2009). “Regularity analysis for 
optimizing urban transit 
network design.” Public 
Transport, 1(2), 115-126. 

Service 
Discontinuation 

Permanent or prolonged 
cessation of a service, often 
linked to economic decisions or 
unsustainable operations 

A, R Kecman, P., & Goverde, R. M. 
(2015). “Predictive modeling of 
running and dwell times in 
railway traffic.” Transportation 
Research Part C: Emerging 
Technologies, 51, 273-292. 

 

Other types of clustering disruptions 

The disruptions can be also clustered based on their cause.  

1. Internal disruptions may originate from mistakes and accidents caused by staff or users, 
technical failures, components that break down, faulty constructions, overload and so on. They 
could also be intentional, such as labour market conflicts. 

2. External disruptions may be related to natural phenomena including various degrees of 
adverse weather and natural disasters. 

One specific long-term threat that lies between internal and external causes is climate change, which 
is partially a consequence of human activities in the transport sector. The second distinction is between 
accidental or intentional causes:  

1. Accidental disruptions strike the system mostly at random. 
2. Intentional disruptions take place because one or more actors decide to cause the disruption.  

 

Table 9: A typology of main disruptions according to their causes (Matsson and Jenelius, 2015). 

Causes  Accidental  Intentional 

Internal  Technical, operational, human failure Strikes 

External Climate events, pandemics Geopolitical tensions, terrorism, cyber-
attacks 
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Air transport vs rail transport 

Air transport prioritizes safety and global coordination during disruptions, heavily relying on predictive 
analytics to manage weather-related issues and airspace congestion. In contrast, rail transport 
emphasizes network resilience, infrastructure reliability, and adherence to timetables. Key specific 
terminology from the two sectors is presented below.  

Air Transportation-Specific Terminology: 

Air transport has specific terms related to disruptions, emphasizing safety, international coordination, 
and the cascading effects on global networks: 

• Air Traffic Flow Management (ATFM): A global or regional system used to manage air traffic 
capacity and demand, often implemented to avoid airspace congestion. 

• Diversion: Redirecting an aircraft to an alternate airport due to a disruption (weather, 
technical issues, security). 

• Airside vs. Landside Disruptions: Disruptions are classified based on their impact on 
operations either “airside” (e.g., runways, gates) or “landside” (e.g., terminal operations, 
passenger security). 

• Knock-on delays, also referred to as reactionary delays, occur when an initial delay to a flight 
causes subsequent delays to other flights within the airline’s network. These delays happen 
due to the interconnected nature of aviation operations, where aircraft, crew, and passengers 
are often scheduled for multiple consecutive flights. If one flight is delayed, it can cause a 
cascading effect, impacting later flights as resources become misaligned. 

• Predictive Disruption Management: The use of AI and machine learning to predict delays, 
weather impacts, or potential technical failures to mitigate the effects before they cascade. 

Rail Transportation-Specific Terminology: 

Rail transportation uses its own set of terms for disruption, often focusing on network resilience and 
intermodal connections: 

• Knock-on Delay: A cascading delay that results from one service being late and affecting 
subsequent services, common in interconnected rail systems. 

• Timetable Adherence: The ability of services to operate according to the published schedule. 
Non-adherence due to disruptions often leads to further delays. 

• Signal Failure: A specific technical disruption in rail transport, where signalling systems 
malfunction, causing delays or halts in service. 

• Single-Line Failure: A disruption in rail networks where one track is unusable, often leading to 
partial service disruptions or significant rerouting. 

• Network Disruption: Refers to events that impact entire rail systems, such as national strikes, 
major weather events, or critical infrastructure failures. 

• Predictive Maintenance: In the rail sector, predictive analytics are used to forecast when 
critical infrastructure (tracks, signals, rolling stock) might fail, helping prevent disruptions. 

Communication protocols used:  

• GTFS-RT (Real-Time Extensions): Provides real-time updates for schedules, delays, and service 
alerts. 
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• CAP (Common Alerting Protocol): Standard for exchanging alerts and notifications across 
systems. Supports XML and JSON formats for flexible integration. 

Mitigation measures classification 

Additionally, mitigation measures focus on increasing the robustness of transport systems, so that 
disruptions are less likely and have less significant impacts. As mentioned, mitigation measures are 
pro-active are they are conducted before disruptions take place. They can be classified between three 
types of measures: 

1. Avoid: Measures to avoid disruptions reduce the probability that the disruption takes place. 
Some examples are climate-change mitigation policies, land-use planning, relocation policies, 
strategic planning (hubs and minor hubs). 

2. Coping capacity: Measures to increase the capacity of the system to disruptions when they 
take place so that the system functions are minimally impacted. Some examples are 
investment in elevated roads, runways, dikes, and prioritising maintenance of “critical 
networks” 

3. Redundancy: Alternative capacity in case disruptions take place. Some examples of measures 
are infrastructure investment planning, prioritising redundancy budgets for infrastructure 
managers. SIGN-AIR multimodal data sharing goals definitions and key modules 

2.7.2.3. Data sharing goals definitions  

The following paragraphs define the multimodal data sharing goals within the context of the SIGN-AIR 
solution. These goals are specific and concrete to generate effective data sharing agreements. SIGN-
AIR’s data sharing goals target: 

• airports of all sizes,  

• airlines of all types, and  

• bus operators, 

• demand responsive transport (DRT), and 

• both high-speed and regional railway operators 

Presenting these data sharing goals is crucial as they directly influence the use cases discussed in a 
subsequent chapter (3.1.1 SESAR solution overview¡Error! No se encuentra el origen de la 
referencia.), thereby introducing functional and non-functional requirements for the SIGN-AIR 
solution. The data sharing goals (within the SIGN-AIR solution) shape the development of use cases, as 
they establish the specific requirements and objectives for data exchange among various Transport 
Service Providers (TSPs). These goals ensure that the use cases mirror the necessary interactions and 
data flows between stakeholders, aligning the scenarios and workflows with the actual operational 
needs of the transport ecosystem. This close alignment helps in capturing both functional and non-
functional requirements, providing a comprehensive blueprint for the system’s design and 
implementation. 

Moreover, the justification of these goals, their breakdown into subgoals, and their differentiation to 
address various challenges all contribute to a more effective multimodal system for passengers. The 

document also explores the complementarity between the main goals, highlighting how they collectively 
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contribute to coordinated transport solutions. 

 

Figure 2Figure 2 illustrates the structure of these goals, categorised into main and sub-goals forming 
the core elements of a DSA and/or SC to achieve seamless multimodal coordination. 

 

Figure 2: Multimodal data sharing goals structure 

2.7.2.1.1. G1 Mobility Package 
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Definition: A mobility package is a comprehensive ticket contract that allows a traveller to seamlessly 
navigate through different transport networks by carrying out a single payment for the entire journey. 
This package is facilitated by a sophisticated ticketing system that integrates both software and 
hardware components to ensure smooth operations and user experience. 

Key considerations in the creation of a mobility package upon which both parties need to be agreed 
and understand their financial responsibility and obligations, include: 

1. Pricing: Establishing fare structures that account for the combined costs of multiple transport 
services, (taxes might be considered separately, since two TSPs can be subject to different legal 
frameworks, if they are from different countries). 

2. Revenue Sharing: Implementing mechanisms to fairly distribute income among the various 
Transport Service Providers (TSPs) involved in the journey, including option that allows TSPs 
to define their own mechanism which is applicable in their specific case. 

3. Responsibility: Clearly defining the obligations and accountability of each TSP to manage 
passenger services and any issues that may arise during the journey and provide common 
services to passengers (PAX) such as access to interchange areas and facilities. 

4. Reliability: Ensuring consistent and dependable service across all modes of transport included 
in the package. This involves clear agreements on operational standards and coordination at 
interchange areas between travel providers, which are critical touchpoints for delivering a 
seamless travel experience. 

5. Information Exchange: Establishing efficient interfaces between TSPs to enable real-time data 
sharing. This includes updates for passengers (PAX) through applications (e.g., TC APP) on 
journey statuses, delays, or changes, ensuring transparency and service continuity across 
transport modes. 

6. Ticket Entitlement: Specifying the travel rights and privileges granted to the passenger, which 
may include various forms such as digital tickets, QR codes, physical tickets, or e-tickets. This 
entitlement serves as proof of the passenger’s right to use the services outlined in the mobility 
package and ensures they receive the agreed-upon services across all transport modes 
included in the journey. 

Link with multimodality: Mobility packages provide a unified ticketing solution that integrates various 
modes of transport into a seamless journey. This approach not only simplifies the travel process for 
passengers but also encourages the use of multiple transport services, enhancing the overall efficiency 
and user experience in multimodal transport systems. Seamless journey and enhanced overall 
efficiency will contribute to the sustainable transport in terms of environment. 

1. Integrated Transport Network: Mobility packages inherently support the integration of 
multiple transport modes, allowing travellers to seamlessly transition between different 
services such as buses, trains, and flights with a single ticket. 

2. User Convenience: By consolidating ticketing and pricing into one package, mobility packages 
reduce the complexity of planning and purchasing for multimodal journeys, enhancing user 
convenience. 

3. Optimized Travel Experience: These packages provide a streamlined and efficient travel 
experience, ensuring reliability and minimizing disruptions across various transport modes. 

4. Collaborative Framework: Mobility packages necessitate cooperation among different TSPs, 
fostering a collaborative approach to multimodal transport service provision. 

5. Comprehensive Coverage: Ensuring that all travel rights and privileges are covered under one 
ticket, promoting a holistic approach to transportation. 
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G1.1 Seasonal ticket: A seasonal ticket is a comprehensive ticket contract designed to provide access 
to multiple transport services over a defined seasonal duration. This contract targets specific groups 
of passengers/travellers and is characterised by a starting and ending date. 

Key features and considerations include: 

1. Ticket Entitlement: The seasonal ticket serves as a formal ticket entitlement, granting the 
passenger the right to use the specified transport services. It can be presented in various 
forms, such as digital tickets, QR codes, physical tickets, or e-tickets. 

2. Purchasing Options: This ticket can be purchased by third-party organisations or individuals, 
providing flexibility in acquisition. 

3. Personalization: It is issued for a specific passenger and must contain the passenger’s name 
to ensure proper identification and usage. 

4. Conditions: Transport Service Providers (TSPs) and service providers who offer this ticket must 
agree on various conditions, such as: 

○ Ride Limitations: Unlimited or limited number of rides during the validity period. 

○ Tariff Classes: Specification of the tariff classes for which the ticket is valid. 

5. Restrictions: The ticket validity is subject to specific restrictions, which may include: 

○ Usage Periods: Whether the ticket can be used 24/7 or only during certain periods of 
the day or night. 

○ Holiday Usage: Possibility of using the ticket during holidays or not. 
○ Special Limitations: Any other special limitations that may apply. 

By integrating these elements, the seasonal ticket contract ensures a tailored and user-centric travel 
experience, allowing passengers to utilise multiple transport services seamlessly within a specified 
timeframe. 

Link with multimodality: Seasonal tickets inherently involve access to multiple transport services, 
enabling travellers to use different modes of transport under a single (unique) ticket entitlement. This 
aligns with the multimodal approach, facilitating seamless transitions between various modes and 
enhancing the convenience and flexibility of travel (Kuhnimhof et al., 2012). By providing unified and 
flexible access to multiple transport services, seasonal tickets enhance the ease of multimodal travel, 
ensuring that travellers can switch between different modes seamlessly and conveniently. This 
alignment promotes an efficient, user-centric transportation ecosystem that leverages the strengths 
of various transport modes to meet the diverse needs of passengers. 

More specifically, seasonal tickets enhance the adoption of multimodality in five ways: 

1. Integration of Multiple Transport Modes: Seasonal tickets provide access to multiple 
transport services, enabling seamless transitions and enhancing convenience and flexibility. 

2. Enhanced Accessibility and Convenience: By offering unlimited or defined access to various 
transport services over a specific period, seasonal tickets allow regular travellers to plan and 
execute multimodal journeys without needing to purchase separate tickets for each mode. 

3. Targeted and Flexible Travel Options: Targeted at specific groups such as commuters, 
students, tourists, and frequent travellers, these tickets offer tailored access to transport 
services. 
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4. Agreed Conditions and Restrictions: Conditions set by TSPs ensure that tickets are used 
predictably and structured, essential for coordinated and efficient service provision. 

5. Holistic Approach to Transport Services: Bundling various transport services into a 
comprehensive package, seasonal tickets embody a holistic approach, focusing on end-to-end 
travel experiences. 

G1.2 Combined Ticket: A combined ticket is a comprehensive ticket contract for a multimodal journey 
that consolidates separate transport contracts into a single, cohesive package. This integration is 
facilitated by a carrier, service provider, or intermediary on their own initiative, allowing passengers 
to purchase the entire journey with a single payment. 

Key features and considerations include: 

1. Ticket Entitlement: The combined ticket serves as a formal ticket entitlement, granting the 
passenger the right to use the specified transport services. It can be presented in various 
forms, such as digital tickets, QR codes, physical tickets, or e-tickets. 

2. Purchasing Convenience: Passengers benefit from the convenience of purchasing multiple 
transport segments with a single payment, simplifying the booking process. 

3. Integration: This contract represents the unification of separate transport contracts, ensuring 
a seamless multimodal journey. 

4. Personalization: It is issued for a specific passenger and must contain the passenger’s name 
to ensure proper identification and usage. 

5. Restrictions: Transport Service Providers (TSPs) and service providers offering this ticket 
must agree on restrictions related to ticket validity, including: 

○ Time Limitations: Specifying valid times for using the ticket. 
○ Spatial Limitations: Defining geographical areas where the ticket can be used. 

6. Flexibility: The combined ticket provides flexibility in travel planning, making it easier for 
passengers to switch between different modes of transport within a single journey. 

By combining these elements, the combined ticket contract ensures a seamless and user-friendly travel 
experience across multiple transport services, all facilitated through a single transaction. 

Link with multimodality: Combined tickets facilitate seamless integration of different transport 
services by allowing passengers to purchase multiple transport segments with a single payment, 
enhancing the convenience of multimodal journeys (Pangbourne et al., 2020).  

G1.3 Single Ticket: A single ticket is a comprehensive ticket contract representing a ‘single multimodal 
contract’ for a journey that includes successive transport services operated by one or more carriers. 
This contract is designed to provide passengers with a unified travel experience, ensuring protection 
in case of disruptions. 

Key features and considerations include: 

1. Ticket Entitlement: The single ticket serves as a formal ticket entitlement, granting the 
passenger the right to use the specified transport services. It can be presented in various 
forms, such as digital tickets, QR codes, physical tickets, or e-tickets. 

2. Unified Contract: This contract consolidates multiple transport services under one agreement, 
ensuring passengers have a cohesive travel experience. 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.08 

 

  
 

 

Page | 43 
© –2023– SESAR 3 JU 

 

 
 

3. Passenger Protection: The passenger is protected in case of disruptions, with clear terms 
outlining the responsibilities of each carrier involved. 

4. Personalization: It is issued for a specific passenger and must contain the passenger’s name 
to ensure proper identification and usage. 

5. Conditions: Transport Service Providers (TSPs) who offer this ticket must agree on various 
conditions, such as: 

○ Tariff Classes: Selection of combination of tariff classes for the journey. 
○ Check-In Times: Specified check-in times for both train and aircraft services. 

6. Responsibility Sharing: Clear terms regarding the responsibilities of each carrier, ensuring a 
smooth and reliable journey for the passenger. 

By integrating these elements, the single ticket contract provides a comprehensive and protected 
travel experience across multiple transport services, ensuring a seamless journey from start to finish. 

Link with multimodality: A single ticket consolidates multiple transport services under one ticket 
contract, ensuring passengers have a unified and cohesive travel experience across different modes of 
transport (Heinen & Chatterjee, 2015).  

 

 

Table 10: Key features comparison between G1 sub objectives  

Key 
Feature/Consideration 

Seasonal Ticket Combined Ticket Single Ticket 

Ticket Entitlement 

Formal entitlement for 
specified services, 
available in digital, QR 
code, physical, or e-
ticket forms (usually is 
long-term access pass 
like a personalized travel 
card or digital pass 
provided by a TC app). 
Suggested digital app 
ticket entitlement as it 
can easier combine 
different modes 
validation processes 
including air 
transportation.  

Formal entitlement for 
specified services, 
available in digital, QR 
code, physical, or e-
ticket forms. 
This entitlement acts as 
one unified ticket with a 
single payment, but a 
traveller may have one 
ticket that integrates 
multiple transport 
services, or, due to 
validation systems the 
traveller might hold 
separate entitlements 
for different services 
within this combined 
journey. Suggested 
digital or QR code 
system to ease the 
validation process.  

Formal entitlement for 
specified services, 
available in digital, QR 
code, physical, or e-
ticket forms. This 
entitlement acts as one 
unified ticket with a 
single payment, but a 
traveller may have one 
ticket that integrates 
multiple transport 
services, or, due to 
validation systems the 
traveller might hold 
separate entitlements 
for different services 
within this combined 
journey. Suggested 
digital or QR code 
system to ease the 
validation process. 

Purchasing Options 
Can be purchased by 
third-party organizations 
or individuals. 

Single payment for 
multiple transport 
segments. 

Single ticket for a 
journey including 
successive transport 
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services by one or more 
carriers. 

Personalization 
Issued for a specific 
passenger, must include 
passenger’s name. 

 Issued for a specific 
passenger, must include 
passenger’s name3 

Issued for a specific 
passenger, must include 
passenger’s name. 

Conditions 

Various conditions 
including ride 
limitations, tariff classes, 
usage periods, holiday 
usage, special 
limitations. 

Various conditions 
including time 
limitations and spatial 
limitations. 

Various conditions 
including tariff classes, 
check-in times, and 
responsibility sharing. 

Restrictions 
Usage periods, holiday 
usage, special 
limitations. 

Time and spatial 
limitations. 

Tariff classes, check-in 
times, responsibility 
sharing. 

Integration 
Seamless access to 
multiple transport 
services. 

Unification of separate 
transport contracts into 
a single, cohesive 
package. 

Consolidation of multiple 
transport services under 
one agreement. 

Revenue Sharing 
Mechanisms to fairly 
distribute income among 
TSPs involved. 

Mechanisms to fairly 
distribute income among 
TSPs involved. 

Mechanisms to fairly 
distribute income among 
TSPs involved. 

Responsibility 

Clearly defined 
obligations and 
accountability for each 
TSP. 

Clearly defined 
obligations and 
accountability for each 
TSP. 

Clearly defined 
obligations and 
accountability for each 
TSP. 

Passenger Protection 
Protection in case of 
disruptions with clear 
terms. 

Protection in case of 
disruptions with clear 
terms. 

Protection in case of 
disruptions with clear 
terms. 

Flexibility 

Unlimited or limited 
number of rides during 
the validity period, 
various conditions set by 
TSPs. 

Flexibility in travel 
planning, easier 
switching between 
modes within a single 
journey. 

Flexible and 
comprehensive travel 
experience across 
multiple transport 
services. 

Benefits for TSPs 

Increased customer 
satisfaction and revenue 
through long-term 
commitments. 

Enhanced coordination 
and cooperation 
between TSPs, leading to 
better service offerings. 

Improved operational 
efficiency and customer 
trust through unified 
service delivery. 

Benefits for Travelers 

Convenient and 
predictable access to 
various transport 
services over a season, 
enhancing travel 
flexibility and 
experience. 

Simplified booking 
process and seamless 
travel experience, 
reducing the hassle of 
coordinating multiple 
segments. 

Assurance of a reliable, 
protected travel 
experience with clear 
accountability in case of 
disruptions. 

 
3 In discovery matrices we envisioned personalisation in order to be able to follow the passenger through the 
transport system as well as to be able to define responsibility sharing. 
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2.7.2.1.2. G2 Synchronization of timetables 

Definition: Synchronization of timetables refers to the strategic and/or tactical alignment of vehicle 
arrivals and departures between different Transport Service Providers (TSPs) at specific points (e.g., 
airports, stations, bus stops) to optimise passenger transfer times and provide seamless connections. 
This process involves organising schedules in a manner that offers a large number of destinations with 
minimised transfer times, enhancing the overall travel experience for passengers. To offer such a 
synchronisation functionality, an external module is integrated into the SIGN-AIR platform to support 
functionalities of the platform. It uses a metric named the Connectivity Index and dynamic adaptation 
algorithms. Both the index and the module are explained in Annex 2. 

Key features and considerations include: 

● Acceptable Connecting Time (ACT): This time is defined by minimum (the shortest time period 
required for a passenger to transfer between rail and flight including all security and airport 
procedures) and maximum connecting time (the longest time period acceptable for passenger 
to be considered as synchronised timetables). This functionality is added to enforce the 
coordination of timetables between two TSPs, ensuring that passengers can transfer efficiently 
without exceeding the acceptable connecting time. This platform would automatically 
monitor, adjust, and synchronize timetables. 

● Vehicle Arrivals and Departures Coordination:  

○ Coordination should ensure minimal transfer times for passengers moving between 
trains and flights. 

○ Vehicle Arrivals and Departures Coordination: Coordination ensures minimal transfer 
times for passengers across modes, integrating both scheduled services (trains, buses) 
and on-demand transport (eVTOLs, shared shuttles). Synchronization might support 
multiple scheduling types such as i. Single customer Point-to-Point Service direct non-
stop connections, e.g., vertiport to airport). ii. Shared Point-to-Point Services 
(pickup/drop-off point specified for multiple passengers). iii. Multi-Segment Service 
for multiple customers (eVTOLs making multiple stops before reaching the final 
destination). 

● Data Sharing: TSPs must share schedule data to allow for effective synchronization. This data 
sharing is typically managed through platforms like SIGN-AIR, which facilitate the exchange of 
timetable information and the alignment of schedules. The platform ensures that real-time 
operational data, especially, is encrypted and protected according to data protection 
regulations. 

● Standards and Levels of Synchronization: 

○ Air Transport (airlines, eVTOL operators): Synchronization is provided on a 
strategic/pre-tactical level using IATA’s Standard Schedules Information (SSIM), which 
standardizes the exchange of scheduling information for airline schedules. 

○ Public Transport Operators (e.g., railway, bus operators): Synchronization is handled 
on a tactical level using General Transit Feed Specification (GTFS). 

○ Planning and Operational Time Horizons: Aligning planning and operational time 
horizons in rail transport and Air Traffic Flow and Capacity Management (ATFCM) 
phases. 
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Time Horizon Considerations for Rail and Airline Synchronization 

 

Figure 3: Planning and operational time horizons in public transport (RTS) and ATFCM phases 

● Operational Efficiency: By reducing transfer times, TSPs can offer passengers a faster and 
more efficient journey, encouraging the use of multimodal transport options. The module will 
incorporate KPIs, such as on-time performance, passenger transfer success rates etc, to 
measure efficiency. 

● System Integration for data sharing: TSPs must agree on ¨synchronisation¨ protocols and 
ensure their systems are compatible for effective data exchange and schedule alignment. To 
be aligned in all time-horizons the platform should integrate with both the airport’s and the 
rail operator’s scheduling systems to track delays, changes in timetables, or cancellations. It 
automatically updates schedules to ensure that both systems are synchronized. 

By integrating these elements, the synchronisation of timetables provides a coordinated and efficient 
travel experience, enhancing the connectivity between different transport services and improving 
overall passenger satisfaction. 

To effectively combine eVTOL and airline schedules, SIGN-AIR focuses on the Tactical Planning Phase 
(Weeks to Months) and the Pre-Operations Planning Phase (Hours to Days Before Departure), as these 
are the most critical phases for synchronization. 

• Tactical Planning (Weeks-Months): Ensures that eVTOL schedules are aligned with airline 
departures, allowing for optimized passenger transfer times, minimal delays, and enhanced 
multimodal connectivity. This phase establishes the baseline scheduling coordination between 
airlines and eVTOL operators while maintaining flexibility for operational adjustments. 

• Pre-Operations Planning (Hours-Days Before Departure): Focuses on fine-tuning the 
synchronization by incorporating real-time demand forecasts, weather conditions, and last-
minute schedule changes. At this stage, dynamic adjustments can be made to accommodate 
passenger bookings, optimize fleet allocation, and synchronize transport windows with actual 
airline departure times. 
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By targeting these two phases, SIGN-AIR ensures early-stage synchronization while maintaining 
adaptability to real-world variables, allowing for a robust yet flexible multimodal transport network 
that minimizes disruptions and enhances passenger experience 

G2.1 Reach more flights: The arrivals/departures of a TSP are organised in a way to support the wave 
system structure4 of the flights at the airport to be able to cover the largest number of flight 
departures/arrivals. This type of synchronisation, high connectivity, increases the number of available 
options for passengers which transfer from the rail to the flights. 

Link with multimodality: Aligning transport services with airport peak hours ensures better 
connections between modes, facilitating smoother transitions from one mode to another (European 
Commission, 2018). By considering the Acceptable Connection Time (ACT), TSPs can optimise 
schedules, ensuring passengers have enough time to transfer between the train and flight without 
missing their flight, while minimising excessive waiting times (Okyere, S., Yang, J., & Adams, C. A., 
2022). 

G2.2 Reach More Passengers: The arrivals/departures of a TSP are organised in a way to be aligned 
with long haul flights operated by large aircraft carrying larger number of passengers, the possibility 
to drop off and receive the luggage at the origin train station should be examined. Long-haul flights 
are most offered from major airports. Therefore, synchronising these flights with the rail system 
increases the catchment area of the airport. Passengers from smallest cities will have options to 
seamlessly travel on long-haul routes. 

Link with multimodality: Passenger-centric scheduling aligns transport services with long-haul flight 
schedules to ensure that more passengers can seamlessly transition between modes of transport. This 
alignment improves connectivity and ensures reliable and efficient multimodal journeys (Pendyala, 
R.M., Yamamoto, T., & Kitamura, R., 2002). 

G2.3 Substitution of short haul flights: The arrivals/departures of a TSP are organised in a way to be 
aligned with the international flights at the airport to be able to substitute domestic short-haul flights 
by long distance rail. 

Link with multimodality: Substituting short-haul flights with rail aligns with policies to reduce 
aviation’s environmental impact, such as France’s ban on domestic flights where a 2.5-hour rail 
alternative exists (Diana & Pirra, 2016). This shift alleviates airport congestion, enhancing capacity 
management and system resilience. Givoni and Banister (2006) note that rail-air inter-modality 
optimizes airport operations by transferring passenger loads to rail, making the transport network 
more flexible. Moreover, integrating rail reduces reliance on single modes, mitigating vulnerabilities 
from disruptions like strikes or weather (Behrends et al., 2016) 

G2.4 Dynamic Timetable Synchronization for On-Demand Transport: This synchronization for on-
demand transport ensures the alignment of eVTOLs with commercial airline schedules at airport hubs. 
Unlike static timetable coordination, this goal focuses on adaptive scheduling, where on-demand 
(eVTOL) and air transport dynamically adjust to flight departures and arrivals, minimizing passenger 

 
4 Many airlines operate on a wave system structure, where flights are grouped in waves to maximize connection 
opportunities within short time frames, which means 'a complex of incoming and outgoing flights, structured 
such that all incoming flights connect to all outgoing flights, Bootsma (1997). 
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transfer delays and optimizing multimodal service. Unlike static timetable coordination, this goal 
supports multiple synchronization types: 

• Single customer Point-to-Point service (direct eVTOL or shuttle bookings). Ensures a direct, 
non-stop transfer between an origin (O) and the airport hub (H) or vice versa and it is critical 
for time-sensitive passengers needing minimal waiting time. 

• Shared Point-to-Point service (pickup/drop-off point specified for multiple passengers). AI-
driven clustering assigns passengers to shared eVTOLs based on overlapping arrival windows. 

• Multi-Segment Service for multiple customers (eVTOLs picking up passengers from multiple 
locations). It eVTOLs stop at multiple pick-up points before reaching the final destination 
requires load balancing and optimal sequencing to avoid excessive delays.  
 

This requires real-time data exchange, AI-driven demand forecasting, and dynamic scheduling 
adjustments to optimize multimodal passenger connectivity. 

Key Features & Considerations: 

1. Exclusive Request vs. Shared Shuttle Service: 

• On-demand services must support both direct single customer point-to-point transport for 
time-sensitive passengers and shared point-to-point services where vehicles collect multiple 
passengers from one specified pick-up point. 

• In multi-segment service for multiple customers transport, routing optimization algorithms 
determine the best pick-up sequence based on passenger schedules and real-time flight 
departure times (e.g., multiple vertiports in a city before heading to the airport). 

• AI-based load balancing ensures that eVTOLs operate efficiently without excessive waiting 
times (e.g., at the vertiport, at the airport, in total). 
 

2. Dynamic Connection Time Optimization: 

• AI-driven Acceptable Connection Time (ACT) accounts for minimum transfer time (security 
screening, terminal transit) and maximum waiting time to avoid unnecessary delays for 
passengers. Ensures that transport services depart at optimal times to minimize airport dwell 
time while ensuring timely boarding for flights.  

• Real-time adjustments consider airport check-in, opening-closing times, prioritizing departures 
for passengers with tighter schedule 

 

Link with Multimodality: 

Synchronization of dynamic and static timetables enhances the integration of on-demand urban 
transport with air travel, ensuring that passengers benefit from both exclusive and shared transport 
services that adapt dynamically to flight schedules. By optimizing pick-up/drop-off sequencing and 
transfer timing, this approach minimizes delays, improves connectivity, and enhances the efficiency of 
multimodal air-ground transport solutions. 

Dynamic timetable synchronization for on-demand transport ensures the real-time alignment of 
eVTOLs, taxis, and shuttle buses with commercial airline schedules at airport hubs. Unlike static 
timetable coordination, this goal focuses on adaptive scheduling, where ground and air transport 
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dynamically adjust to flight departures and arrivals, minimizing passenger transfer delays and 
optimizing multimodal connectivity. Unlike static timetable coordination, this goal supports multiple 
synchronization types: 

• Point-to-Point Transfers (direct eVTOL or shuttle bookings). Ensures a direct, non-stop transfer 
between an origin (O) and the airport hub © or vice versa and it is critical for time-sensitive 
passengers needing minimal waiting time. 

• Shared eVTOLs and Shuttles (adaptive pick-up/drop-off routing). It adapts routing dynamically 
to optimize passenger flow based on multiple flight arrivals. AI-driven clustering assigns 
passengers to shared eVTOLs based on overlapping arrival windows. 

• Multi-segment Synchronization (eVTOLs picking up passengers from multiple locations). It 
eVTOLs or shuttles stop at multiple pick-up points before reaching the final destination 
requires load balancing and optimal sequencing to avoid excessive delays.  
 

This requires real-time data exchange, AI-driven demand forecasting, and dynamic scheduling 
adjustments to optimize multimodal passenger connectivity. 

Key Features & Considerations: 

Exclusive Request vs. Shared Shuttle Service: 

• On-demand services must support both direct point-to-point transfers for time-sensitive 
passengers and shared services where vehicles collect multiple passengers from different pick-
up points (e.g., multiple bus stops, vertiports in a city before heading to the airport). 

• In shared transport mode, routing optimization algorithms determine the best pick-up 
sequence based on passenger schedules and real-time flight departure times. 

• AI-based load balancing ensures that shuttles and eVTOLs operate efficiently without excessive 
wait times. 
 

Dynamic Connection Time Optimization: 

• AI-driven Acceptable Connection Time (ACT) accounts for minimum transfer time (security 
screening, terminal transit) and maximum waiting time to avoid unnecessary delays for 
passengers. Ensures that transport services depart at optimal times to minimize airport dwell 
time while ensuring timely boarding for flights.  

• Real-time adjustments consider airport check-in cut-off times, prioritizing departures for 
passengers with tighter schedule 

 
On-Demand Vehicle Scheduling & Coordination: 

• Fleet dispatch optimization ensures available vehicles are allocated efficiently between 
exclusive requests and shared routes. 

• Coordination with airport ground operations for designated drop-off zones, ensuring seamless 
transitions to the terminal. 

• Synchronization with eVTOL and ground transport hubs to prevent bottlenecks and improve 
flow management at pick-up/drop-off points 
 

Data Exchange & API Integration: 
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• Real-time transport updates are shared with airline Departure Control Systems (DCS) and 
airport A-CDM (Airport Collaborative Decision-Making) to ensure synchronization with flight 
schedules. 

• U-Space Traffic Management (UTM) and Air Traffic Flow Management (ATFM) integration for 
eVTOLs, ensuring airspace coordination with commercial aviation schedules. 

• API-based real-time traffic prediction models optimize shared shuttle and eVTOL operations 
by continuously adjusting estimated arrival times at the airport. 

 

Link with Multimodality: 

Dynamic timetable synchronization enhances the integration of on-demand urban transport with air 
travel, ensuring that passengers benefit from both exclusive and shared transport services that adapt 
dynamically to flight schedules. By optimizing pick-up/drop-off sequencing and transfer timing, this 
approach minimizes delays, improves connectivity, and enhances the efficiency of multimodal air-
ground transport solutions. 

G2 is divided into 4 subgoals and the Table 11 shows the comparison between the key features of 
these subgoals. 

 

 

Table 11: Key features comparison between G2 subgoals 

Key Features  
G2.1 Reach More 

Flights 
G2.2 Reach More 

Passengers 

G2.3 
Substitution of 

short haul 
flights 

G2.4 Dynamic 
Timetable 

Synchronization 
for On-Demand 

Transport 

Alignment with Peak 
Hours 

Yes No No Yes 

Focus on Long-Haul 
Flights 

No Yes Yes No 

Passenger Load 
Optimization 

Yes Yes Yes Yes 

Strategic Scheduling Yes Yes Yes Partially 

Integration with 
Other Modes 

Yes Yes Yes Yes 

Luggage Handling No No Yes Yes  
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Benefits for TSPs 

Increases the 
number of 
connections and 
passenger traffic 
during peak hours, 
optimizing resource 
utilization and 
maximizing 
revenue. 

Enhances passenger 
load factors by 
aligning with long-
haul flights, leading to 
increased ticket sales 
and operational 
efficiency. 

Opens new 
market 
opportunities 
and routes, 
enhancing 
service offerings 
and competitive 
advantage. 

Optimizes 
shared 
transport 
coordination if 
it is more than 
one customer, 
improving 
operational 
efficiency and 
reducing empty 
trips for on-
demand 
services. 

Benefits for Travelers 

Provides more 
convenient flight 
options during 
peak hours, 
reducing wait times 
and improving 
overall travel 
experience. 

Ensures better 
connectivity with 
long-haul flights, 
reducing layover 
times and enhancing 
travel convenience. 

Offers new and 
direct routes, 
improving travel 
flexibility and 
convenience, 
especially with 
the option to 
handle luggage 
at the origin 
train station. 

Provides 
flexible, real-
time adjusted 
multimodal 
connections, 
reducing 
uncertainty and 
optimizing 
urban and 
regional 
Connectivity: 
airports 
connectivity 

2.7.2.1.3. G3 Disruption management 

Definition: Detail the coordinated process between airports (with A-CDM or without A-CDM) and 
railway and/or bus operators designed to identify minor delays, moderate and major disruptions and 
propose mitigation actions. This process is facilitated by integrated technological systems that enable 
real-time monitoring, communication, and response actions across the different transport modes 
involved. 

Key features and considerations include:  

1. Event Detection and Classification: Implementing mechanisms and algorithms to 
communicate, identify disruptions early and classify them by severity (minor, moderate, 
major) to enable an appropriate, tiered response. 

2. Event Response Coordination: Establishing a collaborative process between Transport Service 
Providers (TSPs) to ensure that response actions are synchronized across modes (air, rail, etc.), 
considering operations and passengers´ rights. 

3. Real-Time Communication: Providing clear, immediate updates to passengers, detailing the 
disruption, expected resolution time, actions to assist passengers reach their next leg of travel 
and/or alternative travel arrangements, if necessary, through various channels (mobile apps, 
station announcements, dashboards etc.). 

4. Dynamic Support of TSPs: Offering tailored assistance to the TSPs collaborating providing a 
set of algorithms and tools based on the severity of the disruption, including rerouting options.  
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5. Restoration of Services: Leveraging predictive analytics algorithms to expedite the resumption 
of normal operations, minimizing disruption duration, and ensuring minimal inconvenience for 
passengers. 

Link with multimodality: Disruption management involves a set of coordinated activities and 
strategies designed to mitigate disruptions and enable the swift recovery of the intermodal transport 
system. This comprehensive framework enhances multimodality by ensuring that passengers 
experience minimal inconvenience and that the transport network remains robust and reliable. The 
proactive sharing of real-time data and alerts, as well as collaboration between different transport 
service providers, allows for the anticipation, management, and response to potential disruptions. 

More specifically, disruption management enhances the adoption of multimodality in the following 
ways: 

1. Integrated Coordination: Effective disruption management requires seamless coordination 
among various modes of transport, such as trains, buses, and flights. This fosters collaboration 
between different TSPs, supporting the multimodal nature of the transport network. 

2. Real-Time Data Sharing and Alerts: Proactively sharing real-time data and alerts enables TSPs 
to anticipate and respond to disruptions more effectively. Timely exchange of information 
between different transport modes is crucial for maintaining smooth transitions and 
connections, enhancing the overall efficiency and reliability of the network. 

3. Passenger Communication: Timely notifications and clear communication to passengers 
about potential disruptions and alternative arrangements ensure that passengers can make 
informed decisions and adjust their travel plans accordingly, which is essential for maintaining 
the usability and attractiveness of multimodal transport options. 

4. Passenger rights: Ensuring passenger rights during disruptions is a critical component of a well-
functioning multimodal transport system. Passengers are entitled to clear communication, 
assistance, and compensation as defined by applicable regulations. In cases of significant 
delays, cancellations, or missed connections, transport service providers (TSPs) must offer 
alternative travel options, accommodation, or refunds. Moreover, real-time access to 
information about the disruption, as well as instructions on the next steps, empowers 
passengers to make informed decisions and adjust their plans efficiently. Coordinated 
responses across all involved modes ensure that passengers’ rights are upheld throughout 
their journey, regardless of the transport mode or operator. By safeguarding these rights, 
multimodal transport systems maintain trust and reliability, reinforcing the attractiveness and 
accessibility of public transport options. 

5. System Resilience: The ability to quickly recover from disruptions and maintain service 
continuity is a key aspect of a resilient transport system. A resilient multimodal transport 
network can better withstand and adapt to various disruptions, ensuring that passengers can 
rely on multiple interconnected modes of transport to reach their destinations with minimal 
inconvenience. 

G3.1. Event detection and classification aim to establish communication protocols and real-time data-
sharing frameworks that enable the detection, classification, and impact calculation of events, such as 
minor delays or major disruptions, across multiple transport modes. By integrating pre-stored planned 
schedules with real-time alerts from airlines, rail operators, and multimodal transport providers, SIGN-
AIR ensures accurate disruption tracking and response execution. 

Key features and considerations include: 
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• -Detection of disruptions (e.g., delays cancellations, diversions)  

• -Real-time data synchronization between Transport Service Providers (TSPs). 

• -Cross-validation of real-time alerts against pre-stored schedules to determine if a 
passenger’s connection is at risk. 

Example: A train delay alert from a railway operator is received at London St Pancras International. 
SIGN-AIR compares the delay with the planned itinerary and determines whether the impacted 
passengers will miss their Eurostar-to-Flight connection at CDG. If the risk is detected, the system 
escalates to G3.2 for automated mitigation recommendations. 

G3.2. Event Response Coordination: focuses on assessing the impact of disruptions and executing a 
series of coordinated actions between ecosystem actors to respond effectively. These actions include 
timely notifications to passengers, processing information about affected travellers, and optimizing 
operational adjustments.  

Key features and considerations include: 

• -Execution of smart contracts to manage the disruption  

• -Identification of rebooking, rerouting, or diversion needs based on Minimum Connection 
Time (MCT) thresholds. 

• -Automated mitigation recommendations (e.g., next available flights/trains, alternative 
transport options). 

• Resource optimization for TSPs:  
 

 

 

 

For example:  

a. Opening Additional Security or Fast-Track Lanes: opening more security lanes or allowing 
affected passengers access to fast-track lanes can speed up the boarding process and 
minimize the impact of the disruption. 

b. Allowing passengers to purchase a Fast Track Lane entrance at a low price: affected 
passengers access to fast-track lanes can speed up the boarding process and minimize the 
impact of the disruption. 

c. Rescheduling Departures: Adjusting flight, train, or bus departure times to accommodate 
delayed passengers or staggered arrivals helps maintain smooth operations and connections 
between modes of transport.  

d. Rerouting Passengers: Offering alternative routes or modes of transport, such as shifting 
passengers from a delayed flight to a high-speed rail service, ensures they reach their 
destination with minimal disruption. 

e. Deploying Additional Staff: Bringing in more staff at customer service desks, boarding gates, 
or transfer points helps manage increased demand for assistance during disruptions. 

f. Dynamic Gate or Platform Changes: Reassigning flights, trains, or buses to different gates or 
platforms to reduce bottlenecks and streamline passenger flow. 

g. Adjusting Crew Schedules: Reallocating crew members to different flights, trains, or buses to 
ensure services are maintained despite earlier delays. 
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h. Increasing Shuttle or Connection Services: If there are significant delays or cancellations, 
offering additional shuttle buses or connecting services between terminals or stations can 
help passengers with transfers. 

By coordinating responses among Transport Service Providers (TSPs) and stakeholders, the system 
ensures that disruptions are managed efficiently. Key measures such as real-time communication, 
rerouting, and resource allocation are implemented to enhance passenger satisfaction and minimize 
disruption-related inconveniences, preserving the reliability of multimodal transport services. 

2.7.2.1.5 Complementarity among goals 

The data sharing goals within the multimodal transport system framework exhibit significant 
complementarity, enhancing overall efficiency, passenger convenience, and system resilience. The G1 
Mobility Package, encompassing seasonal, combined, and single tickets, promotes seamless travel by 
integrating various transport services into unified ticketing solutions. These goals naturally align with 
G2 Synchronisation of Timetables, which ensures efficient connections between different modes of 
transport, reducing transfer times and enhancing passenger experience. Goals G2.1, G2.2, and G2.3 
further optimise this by strategically aligning services with flight schedules, maximising passenger flow, 
and substituting short-haul flights with sustainable rail options. Additionally, G2.4 Dynamic Timetable 
Synchronization plays a crucial role in on-demand transport coordination, ensuring real-time 
adjustments to eVTOL and shuttle schedules for seamless multimodal integration. Central to these 
goals is G3 Disruption Management, which provides a robust framework for real-time data sharing and 
coordination among transport service providers. G3.1 and G3.2 are highly linked with the responsibility 
sharing in G1.3. This goal underpins the entire system by ensuring reliable operations and swift 
recovery from disruptions, thus maintaining the integrity of synchronised timetables and the efficacy 
of mobility packages.  

The interdependencies among these goals illustrate a holistic approach where each goal supports and 
enhances the others, fostering a resilient, efficient, and user-centric multimodal transport system. 
Furthermore, the complementarity of certain goals makes them as prerequisites to others: 

• To achieve G1.3 (Single Ticket), it is necessary to first fulfil G2.1 or G2.2 to ensure acceptable 
transfer times for proposed itineraries. Additionally, G3.1 must be in place to enforce 
passenger rights in the event of a disruption. 

• To fulfil G3.1 (Event Detection & Classification), it is essential to first fulfil G2.1, G2.2, G2.3, or 
G2.4, since an initial transport network must be established before monitoring disruptions 
through the Disruption Management System (DMS). 

• G3.2 (Event Response Coordination) depends on G3.1 to first detect and classify disruptions 
before automated mitigation measures can be enacted. 

• G2.4 Dynamic Timetable Synchronization depends on G2.1, G2.2, and G3.1, as it requires pre-
existing timetable structures and disruption classification mechanisms to dynamically adjust 
transport schedules in real-time. 

Based on the analysis above, Table 12 shows the potential agreements and templates of DSA and SC 
(if applicable based on the DSA between different TSPs), focusing on the collaboration between air and 
railway transportation. This serves as a baseline for the use cases developed.  
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Table 12: Goals per pair examined in SIGN-AIR 

TSPs Airport  Airline  

High speed railway 
operator 

G3.1. Event detection and 
classification G1.3 Single Ticket 

G3.2. Event Response 
Coordination G2.1 Reach more flights 

  G2.2 Reach More Passengers 

  G2.3 Substitution of short haul flights 

Regional railway 
operator 

G1.1 Seasonal ticket G1.2 Combined Ticket 

G3.1. Event detection and 
classification   
G3.2. Event Response 
Coordination   

Evtols operator 
 

G2.4 Dynamic Timetable Synchronization for On-
Demand Transport 
G1.3 Single Ticket 

Seaplanes operator 
 

G2.4 Dynamic Timetable Synchronization for On-
Demand Transport 
G1.3 Single Ticket 

Shuttle bus operator  
 

G2.4 Dynamic Timetable Synchronization for On-
Demand Transport 

 

 

Finally, Figure 4 shows that to achieve certain goals other goals are acting as prerequisites.  

 

Figure 4: Goals complementarity 
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2.7.3 Key Solution Artifacts 

The SIGN-AIR solution consists of the SIGN-AIR platform as its core component, responsible for 
managing data-sharing agreements and enabling collaboration between transport service providers 
(TSPs). To fulfil key operational functions, it is connected with three supporting solution artifacts: 

• the SYNC-REACT platform for synchronization and disruption response, 

• a Travel Companion app for end-user interaction, and 

• a Standards conversion platform  

The following sections address the key modules definitions and mechanisms used for the 
elicitation of the functional and non-functional requirements. 

2.7.3.1 SYNC-REACT (Synchronization and Reaction to changes) module 

SYNC-REACT supports SIGN-AIR platform for the G2 and G3 goals, G2.1, G2.2, G2.3, G2.4. As mentioned 
in the definition of synchronization multimodality goals, due to the fact that this goal is a prerequisite 
for other goals such as the G1.3: Single ticketing and the TSPs would have then need to identify the 
combined itineraries and because SIGN-AIR platform is a platform that do NOT store data such as 
schedules, its end users of SIGN-AIR platform have two options as shown in the following figure (Figure 
5). 

• To identify the combined itineraries and introduce them manually to the system following the 
specifications/coding provided so the DSA/SC can be monitored afterwards or  

• To use the SYNC-REACT which is specifically designed for the needs of SIGN-AIR platform, and 
the end users will be directed automatically to the module without the need of registration, 
they would be able to use a single sign in process for both interfaces as presented in the 
following figure. 
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Figure 5: Options combined itineraries introduction to SIGN-AIR negotiation 

SYNC-REACT (Intermodal Synchronization & Disruption Management) creates and manages combined 
itineraries for multimodal travel, integrating schedules from different modes of transport and 
illustrates the interaction between the two platforms, introducing the temporal dimension by showing 
how the schedules of different transport modes (e.g., airplane, train, and eVTOLs) align across planning 
and operational phases.  

Figure 6 presents how Air Traffic Flow and Capacity Management (ATFCM) in aviation and Rail Traffic 
Management (RTM) can be coordinated to support single-ticket bilateral agreements under both 
nominal and non-nominal conditions. The different elements of this figure are duly explained in 
4.1.1.2. 
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Figure 6: SIGN-AIR platform interaction with SYNC-REACT platform 

2.7.3.2 Travel companion app module  

The SIGN-AIR solution is also connected with travel companions aiming to extent their 
features/services. SIGN-AIR provide new information concerning multimodal journeys (integrated 
tickets, alerts & rerouting) based on signed contracts to TC apps that interface travellers. 

The following paragraphs will outline the existing services and functionalities provided by these travel 
companions and explain how their collaboration with the SIGN-AIR platform enhance benefits for both 
TSPs and travellers. 

The services provided by these apps offer integrated mobility solutions focused on user needs. These 
platforms gather various mobility options into a single interface, such as a journey planner, and may 
also include payment capabilities (Hensher et al., 2020). The key point5 is to provide intermodal trip 
planning, ticket booking, ticket issuance, and payment services all within one platform to meet users’ 
mobility needs (Kamargianni et al., 2016; Sochor et al., 2018). 

The Travel Companion app serves as the primary interface for communicating changes to itineraries 
to users/travellers. 

The main feature of a Travel Companion app is the journey planner. This feature enables users to plan, 
organise, and optimise their travel routes and itineraries. It typically includes capabilities such as real-
time route planning, step-by-step navigation, estimated travel times, and multimodal transportation 
options. By leveraging real-time data and user preferences, the journey planner provides personalised 

 
5 For more information on the Travel Companion (TC) functionalities, please refer to the SYN+AIR D5.2 Report on 
the analysis of Travel Companion data capabilities to improve the Smart Contracts Framework. 
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and efficient travel solutions, enhancing the overall travel experience by minimising delays, improving 
convenience, and offering alternative routes and modes of transport. The key features of a journey 
planner include: 

● Calculating the most efficient routes and itineraries, considering multiple factors such as time, 
cost, and convenience. 

● Offering additional services such as ticket booking, issuance, and payment integration, 
enabling users to reserve travel options, receive valid tickets, and complete secure payments. 

● Storing all issued tickets in the traveller’s wallet, which can include barcodes or QR codes for 
easy validation. 

Its main feature, the journey planner, enables users to receive real-time updates, organize, and 
optimize their travel plans while navigating through multimodal transportation networks. By 
leveraging real-time data from TSPs, the Travel Companion ensures that users are promptly informed 
about changes, disruptions, or alternative routes, minimizing inconvenience and enhancing the overall 
travel experience. 

Ticket Booking Functionality: In a travel companion app or transport service provider, ticket booking 
functionality enables users to select and reserve seats or spaces for their desired travel routes and 
schedules. This feature allows users to browse available transportation options, choose specific 
services based on preferences (e.g., time, cost, type of service), and reserve tickets in advance. The 
booking system ensures the user secures a spot for their journey and often offers features such as seat 
selection, group bookings, and special accommodations. Key features include: 

● Search and Selection: Users can search for available routes and services and select options 
based on their preferences. 

● Reservation: Allows users to reserve seats or spaces on their chosen transport mode. 
● Customization: Options to select seats, add special requests, or book for multiple passengers. 

Ticket Issuing Functionality: This functionality generates and provides users with valid travel tickets 
and travel contracts after a booking has been confirmed. It ensures that users receive a digital or 
physical ticket that serves as a ticket entitlement and can be used to access transportation services. 
The issued ticket typically contains essential details such as the traveller’s information, travel itinerary, 
seat or space allocation, and a unique identification code (e.g., QR code, barcode). Key features 
include: 

● Ticket Generation: Creates a digital or physical ticket with all necessary travel details. 
● Delivery: Sends the issued ticket to the user via email, SMS, or in-app download. 
● Validation Information: Includes necessary codes (e.g., QR code) and information for ticket 

validation and access to services. 
● Storage in Traveler Wallet: Tickets are stored in the traveller’s wallet within the app for easy 

access and validation. 

Ticket Purchasing Functionality: This functionality facilitates the payment process for booked tickets. 
It allows users to pay for their reserved tickets using various payment methods, ensuring a secure and 
convenient transaction. The purchasing system typically supports multiple payment options such as 
credit/debit cards, digital wallets, and other online payment methods, providing users with flexibility 
and ease of payment. Key features include: 
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● Payment Options: Supports a variety of payment methods (e.g., credit/debit cards, digital 
wallets, bank transfers). 

● Secure Transactions: Ensures secure handling of payment information and transactions. 
● Confirmation: Provides users with payment confirmation and transaction receipts. 
● Storage in Traveler Wallet: Purchased tickets are automatically stored in the traveller’s wallet 

for future use. 

Overall, these functionalities work together to offer a seamless, user-friendly experience that meets 
the diverse needs of modern travellers by integrating the essential elements of ticket entitlements, 
ticket contracts, ticket booking, ticket issuance, and ticket validation. 

Clarifying Responsibilities of TSPs in relationship with TCs app for data accuracy.  

Travel Companion app integrates services provided by TSPs but acts as the communication channel 
rather than taking on operational roles itself. Therefore, the responsibility for data accuracy, service 
reliability, and passenger communication lies with the respective TSPs. The app’s role as a facilitator, 
ensuring transparency and providing real-time updates to travellers while avoiding overlaps in 
responsibilities. So, at a great extend the responsibilities of the TCs on the information that they are 
sharing depends on the ownership of the app:  

o Third party TCs (e.g. google maps, Floya) provides this functionality but gets the data 
from the TSPs, it is not responsible for real time updates not for the accuracy of the 
planned schedules 

o TC powered by the TSP (e.g. TMB app, Roger) or the TSP has a data sharing agreement 
then TSPs are responsible for delivering accurate, real-time data to the Travel 
Companion app, including schedule updates, disruptions, and service availability. 

Complementarity between a TC and SIGN-AIR platform: The SIGN-AIR platform and Travel Companion 
work in tandem to optimise the traveller experience by addressing different but complementary 
aspects of the transport ecosystem. While the SIGN-AIR platform focuses on facilitating seamless 
cooperation and data sharing between various Transport Service Providers (TSPs) through structured 
agreements and smart contracts, the Travel Companion leverages this backend coordination to offer 
passengers a streamlined, efficient, and personalised travel experience. Together, they create a robust 
and cohesive system that enhances both operational efficiency for TSPs and convenience for travellers, 
ensuring an optimised and connected journey across multiple transport modes. 

How They Work Together: Data Sharing and Integration: 

● SIGN-AIR Platform: Facilitates the backend agreements and data sharing necessary for 
multimodal transport operations. It uses Travel Companion services to indirectly interact with 
the traveller and monitor the data-sharing agreements. 

● Travel Companion: Utilises the data shared through SIGN-AIR to provide real-time 
information, journey planning, and other user-centric services such as mobility packages and 
traveller wallet functionalities. 

Operational Coordination: 

● SIGN-AIR Platform: Ensures that TSPs are coordinated, schedules are synchronised, and 
disruptions are managed through smart contracts. 

● Travel Companion: Provides passengers with the resulting coordinated schedules, disruption 
updates, and seamless travel itineraries. 
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○ Enhanced User Experience: 

● SIGN-AIR Platform: Focuses on the operational and contractual aspects, ensuring that TSPs 
work together effectively. 

● Travel Companion: Delivers the benefits of this coordination to users by offering a streamlined 
and efficient travel planning and booking experience, including the traveller wallet for ticket 
storage and validation. 

Holistic Multimodal Solutions: 

● SIGN-AIR Platform: Lays the groundwork for integrated multimodal transport by handling the 
complexities of inter-TSP agreements. 

● Travel Companion: Presents this integrated transport solution to the end-user in a user-
friendly manner, ensuring a smooth and connected travel experience. 

In summary, the SIGN-AIR platform and Travel Companion complement each other by bridging the gap 
between backend operational coordination among TSPs and front-end user-centric travel services. 
While SIGN-AIR handles the complexities of inter-TSP agreements and data sharing, the Travel 
Companion leverages this foundation to provide an enhanced travel experience to passengers, 
including the functionalities of ticket booking, issuance, purchasing, and validation through the 
traveller wallet. 

2.7.3.5  Standards conversion platform 

A web platform designed for data standardisation, primarily serving transport providers. Its tools 
include data management features, APIs, analytics, and plugins to create, upload, and connect transit 
data in standard formats. The platform offers real-time information, schedules, routes, and exploration 
APIs, as well as tools for analysis and optimization. The objective is to ensure consistency, versatility, 
and availability of data for transport operators and consumers. 

Key features include: 

● Creating GTFS for Google Maps 
● Minimising errors in data creation through automatic corrections 
● Creating NeTEX files 
● Digest and convert IATA SSIM to GTFS files 

In the context of SIGN-AIR, standards conversion will be used as: 

1. A standardisation platform for public transport providers (railway and bus operators). TSPs will 
be directed to standards conversion tools such as TransiTool (TT) via the SIGN-AIR platform if 
there is standardisation need for the timetable’s synchronisation module, where they will 
create an account and input data regarding stops, routes, and timetables. The platform offers 
a user-friendly interface with maps, dashboards, and mechanisms for standardising, validating, 
and publishing data, requiring no extensive programming or standardising knowledge. 

2. A standalone tool to harmonize different legacy systems. TT will be extended, regarding its 
capabilities, with a standardisation mechanism for IATA SSIM. This specific mechanism will 
involve the creation of a user interface (UI), where the user (the TSP) can insert information, 
as well as the necessary database components, which facilitate the conversion of Slot 
Clearance Request (SCR) messages (that are in IATA SSIM format) and other formats into GTFS 
and NeTEx via a Relational Database Management System. This will facilitate different legacy 
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systems (aviation and PT) to better comprehend one another and in essence translate the SCR 
messages into datasets and data attributes in a format that the Public Transport providers can 
utilise to achieve their mutual go, as defined in their Data Sharing Agreements that they will 
establish via the SIGN-AIR platform. TransiTool may in essence act as the bridge two different 
kinds of transport and ensure their seamless exchange of standardised and harmonised data 
and thus leading to reductions of platform costs, increase of transparency in data 
representation and semantics.  
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3.SESAR solution impacts on architecture 

3.1 Target solution architecture 

3.1.1 SESAR solution overview 

The main elements of what SIGN-AIR contribution brings to SESAR 3 are:  

• Introduction of a new technology to replace the manual creation of contracts. Generate 
agreements (DSAs & SCs) with a streamlined and automated workflow. This includes 
identification of min required data and predefined-standardized templates for DSAs and SC, 
ensuring compliance with regulatory requirements and reducing negotiation complexity. 

• Monitor Data sharing: Improve the Monitor of data sharing by incorporating blockchain and 
Smart Contract (operational contract setting the rules of when and how the data should be 
shared-if this happen then do that) to prove the actual sharing of data and support operational 
changes with data sharing between different actors e.g., i. Disruption management having a 
single ticket between highspeed rail and airline ii. evtols and iii. seaplanes operations. 

• Synchronize ground and air timetables. Digest and process timetables data from different 
transport modes and calculates multimodal connectivity (e.g., rail-air, air-rail) to propose 
feasible multimodal options for single ticketing. Such synchronization improves the access and 
egress of airports and assess their connectivity.  

• Manage intermodal rerouting/disruptions management. Calculate and propose a number of 
feasible strategic and/or tactical multimodal options for a given Origin Destination pair. This 
includes standardization and data management of planned and real time data.  

• Extent Telematics Applications for Passenger services aka Travel Companion apps features. 
Provide new information concerning multimodal journeys (integrated tickets, alerts & 
rerouting) based on signed contracts to TC apps that interface travellers 
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Table 13: SESAR solution 0375 scope and related enablers 

# SESAR 
solution 
ID  

Systems/Role/Int
erface impacted 
by the SESAR 
solution (from 
common 
taxonomy/SESAR 
architecture) 

Enabler ID 
(from 
common 
taxonomy/SE
SAR 
architecture) 

Enabler title 
(from common 
taxonomy/SES
AR 
architecture) 

Enabler description Type of integration/Integration 
needs 

Enabler coverage 

System  

1 SOL-
0375 

-Route Network 
Management 

Orbus ID: 
0aa1a6e0-5e01-
ef11-aaf0-
000d3a38a5d9 

AOC-ATM (or 
FOC)-01853 

Advanced 
route planning 
for the 
identification 
of appropriate 
air–rail 
connections  

Ensure that airlines schedules (in IATA 
SSIM format), and train schedules (in 
GTFS format) are considered as strategic 
inputs for the calculation of connectivity 
indexes (rail-air, air-rail, air-air) and the 
proposal of intermodal itineraries for 
single ticketing (even when these 
services are not synchronized) and 
setting the Minimum Connecting Time 
(MCT) per Origin Destination (O-D) Pair. 

Light integration. User-friendly 
web interface or API for schedule 
uploads. 

Full, Required, 
Developed 

2 SOL-
0375 

-Route Network 
Management 

Orbus ID: 
0aa1a6e0-5e01-
ef11-aaf0-
000d3a38a5d9 

 

-Disruption and 
Recovery 
Management 

AOC-ATM (or 
FOC)-01876 

Assessment 
Airports 
accessibility via 
Intermodal 
Connectivity 
calculation 

This Enabler allows the assessment of 
real-time schedules integration from 
airline(s) (in IATA SSIM) and railway 
operators (in GTFS), to propose 
intermodal schedules synchronization to 
improve total hub´s connectivity and 
intermodal rerouting in case of delay or 
disruption. 

 

Light integration. API-based data 
feeds from the airline(s), 
airport(s) and ground modes 
operators for feeding real time 
data and alerts the external 
module of disruption 
management 

Standalone browser-accessible 
dashboard for minimal 
dependency on internal IT 
systems. 

Full, Required, 
Developed 
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Orbus ID: 
53ee68d6-4d01-
ef11-aaf0-
000d3a38a5d9 

3 SOL-
0375 

-Passenger 
Booking 
Management 

Orbus ID: 
38af89dc-4d01-
ef11-aaf0-
000d3a38a5d9 

 

AOC-ATM (or 
FOC)-01877 

Enhance 
airlines 
passenger 
Notification 
System and 
Travel 
Companion 
(TC) with 
multimodal 
information 
and intermodal 
alternative 
itineraries.  

Unification of passenger notification and 
operational dashboards to deliver real-
time updates, predictive insights, and 
personalized multimodal itinerary 
management.  

REST APIs for integration with 
existing systems for multimodal 
re-routing recommendations or  

Standalone browser-accessible 
dashboard for minimal 
dependency on internal IT 
systems 

Full, Required, 
Developed 

 Human  

4 SOL-
0375 

-Data 
Maintenance 
Officer 

Orbus ID: 

5f3e5560-4801-
ef11-aaf0-
000d3a38a5d9 

HUM-01855 Modify 
responsibility 
of a Data 
Maintenance 
Officer for 
fragmented 
data models 
and ownership 
of data 
attributes 
across 

Mapping, creating, curating, and 
maintaining a comprehensive data 
model or metamodel that reflects the 
entity’s operational structure, systems, 
and data attributes. This includes 
identifying where key data resides (e.g., 
in schedules, resource availability, 
disruption indicators), ensuring it aligns 
with evolving standards (GTFS, NeTEx, 
IATA SSIM), and updating it as new 
systems or optimization initiatives are 

Train staff to identify a person 
from the IT department to 
overtake such a role. 

Full, Required, 
Developed 
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departments/s
ystems 

introduced. Enabling discoverability and 
semantic clarity of operational data, 
ensuring internal consistency, readiness 
for data-driven collaboration and 
definition of intermodal data 
governance and sharing rules. 

5 SOL-
0375 

-Operations 
Control Officer  

Orbus id: 
b43e5560-4801-
ef11-aaf0-
000d3a38a5d9 

HUM-01878 Passenger 
Services Desk 
(within 
Operations 
Control Center- 
OCC) staff able 
to propose 
intermodal 
itineraries. 

Reaccommodate passengers 
dynamically using integrated itineraries, 
across air-rail modes and that is aligned 
with capacity availability and passenger 
rights. 

Provide hands-on training for 
using the airline’s Disruption 
Management Module (DMM) 
and monitoring SC dashboard of 
SIGN-AIR 

Full, Required, 
Developed 

7 SOL-
0375 

-Flight Schedule 
Planner 

Orbus id: 
8e3e5560-4801-
ef11-aaf0-
000d3a38a5d9 

 

-Route Network 
Manager 

Orbus ID: 
b33e5560-4801-

HUM-01879 Network 
Planning 
Department 
able to analyse 
rail-air and air-
rail 
connectivity 
index to 
propose 
intermodal 
appropriate 
itineraries  

Analyse rail-air connectivity and 
demand, to select multimodal route 
profitability, and propose strategic rail 
partnerships. 

Train staff on multimodal 
planning tools, and collaborative 
planning with rail operators. 

Full, Required, 
Developed 
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ef11-aaf0-
000d3a38a5d9 

Route Network 
Management 

Orbus ID: 
0aa1a6e0-5e01-
ef11-aaf0-
000d3a38a5d9 

7 SOL-
0375 

Decision Support 
Officer 

Orbus ID: 
893e5560-4801-
ef11-aaf0-
000d3a38a5d9 

 

Orbus ID: Airport 
CDM Project 
Manager 

b63e5560-4801-
ef11-aaf0-
000d3a38a5d9 

HUM-01880 Update the 
role for 
Passenger 
Notification 
and 
Multimodal 
Updates 

Manage real-time passenger 
notifications and ensure seamless 
communication during disruptions. 

Align passenger notifications with 
operational dashboards and Travel 
Companion apps for accurate updates 

Train staff to use API-driven 
notification systems, ensuring 
consistent, personalized, and 
timely communication to 
passengers. 

Full, Required, 
Developed 
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The air transportation stakeholders (i.e., airports, Air Navigation Service Providers-ANSPs, airlines) that 
traditionally work in silos share data to be able to perform a flight, in a similar way a rail operator share 
data with the infrastructure manager to operate the train. There are a few bright examples of data 
sharing among stakeholders of different transport systems, although the integration level is often low 
due to business, legacy, legislation, and technical barriers.  

Making use of the SCF concept, SIGN-AIR provides a contracts management platform streamlining 
multimodal collaboration for passenger door-to-door journey. TSPs use SIGN-AIR platform to provide 
their services to different legs of a trip chain and to create and monitor data sharing agreements and 
smart contracts (see 2.7.2.3. Data sharing goals definitions).  

Figure 7 shows the Business Function Connectivity diagram describing the tasks and activities, 
operational elements, and information exchanges required to accomplish SIGN-AIR operations. 

 

SIGN-AIR platform is a contract manager in charge of automating the creation and management of 
contracts [Data Sharing Agreements (DSAs) and Smart Contracts (SCs)] dealing with data shared 
between two different TSPs. 

 

The SIGN-AIR platform offers a contract manager that enables to: streamline, drafting automatically, 
monitoring, and enforce Contracts´ clauses, by means predefined, regulation-compliant templates 
tailored to specific multimodality goals. This contract manager is connected to following business 
functions: 

1. Intermodal Synchronization & Disruption Manager that integrates multimodal schedules of 
different modes (i.e., airplanes, trains, eVTOLs) to generate/propose combined itineraries 
respecting the Minimum Connection Time (MCT) and the Multimodality Connectivity Index, and 
upon receiving disruption alerts, analyses the impact to these itineraries, predicts cascading 
effects on subsequent legs, and proposes real-time rerouting options. 

2. Travel Companion (TC) Operations. Provides passenger-centric travel information (Origin, 
destination, travellers profile and location, purchased tickets etc) for multimodal trips, allowing 
travellers to make informed decisions by presenting them schedules, connections, and alternative 
routes through a unified interface. (For more information concerning TC please see 2.7.3.2). 

3. Intermodal Action Management (IAM) business function provides a streamlined, automated 
approach to collect and harmonize multimodal transport data, both technically and conceptually. 
Leveraging this harmonized data, IAM performs predictive modelling and quantitative forecasting 
to anticipate disruptions, milestone deviations, and operational risks. These insights feed directly 
into Smart Contract logic, allowing the system to trigger timely, optimized, and automated 
actions, such as rerouting alternative, issuing refunds, or activating service operations, ensuring 
service continuity and contractual compliance. 

4. Airline operations: Provides end-to-end management of airline services, including flight 
scheduling, crew and aircraft management, and real-time monitoring of departures and arrivals. 

5. Airport Operations: Provides comprehensive management of airport activities, including airside 
and landside operations, gate management, passenger flow, baggage handling, and resource 
allocation. It integrates data from airlines, ground handlers, security, and other airport 
stakeholders to enable efficient planning, disruption management, and operational coordination. 

6. eVTOL Operations: Provides management of electric Vertical Take-Off and Landing (eVTOL) 
aircraft services, including flight scheduling, vehicle status monitoring, battery management, and 
air traffic coordination 
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7. Vertiport Operations: Provides end-to-end management of vertiport facilities, including 
landing/take-off scheduling, pad allocation, passenger processing, and charging infrastructure 
management. 

8. Seaplanes Operations: Provides management of seaplanes aircraft services, including flight 
scheduling, vehicle status monitoring and air traffic and water landing coordination 

9. Water airport Operations: Provides end-to-end management of water airport facilities, including 
landing/take-off scheduling, waterway allocation, passenger processing, and refuelling 
infrastructure management. 
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Figure 7: Business Function Connectivity (NOV-2) 

The business services as well are presented in Figure 7 are briefly described below to complement the 
business functions description and to represents explicitly their defined behaviour.  
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Contract generator (service): Provides a streamlined, automated approach to create legally compliant 
contracts for data sharing specific goals. It facilitates the identification of potential collaborations, 
contract drafting and negotiation, ensuring compliance with legal standards and policies by integrating 
DSAs and SCs templates, clauses libraries, data sharing pre-requisites to connect systems. To achieve 
this business service the following operational activities are performed:  

● On boarding entails the user and company´s registration. The platform provides them with 
permissions and roles (e.g., legal representative, admin, viewer) 

● Discovery entails the matchmaking mechanism for a specific pair of stakeholders, along with 
the establishment of a templating mechanism 

● Negotiation involves setting specific clauses and conditions chosen by the two parties. As an 
outcome of the previous step, the SIGN-AIR platform provides a specific template based on 
the data sharing subgoal. This allows TSPs to adjust their preferences, and the contract’s 
content is updated automatically based on these dependencies. 

● Settlement involves the finalization and signature of the contract. After the agreement 
between the two TSPs, both the DSA and SC are prepared for signing. Additionally, all system 
specifications for monitoring are defined and communicated to the TSPs 

 

Contract manager & monitor (service): Provides a structured and automated approach to managing 
contractual aspects of DSAs and SCs signed between two entities. There are two main functions:  

• SC Identifier: Detects and retrieves the applicable SC based on the selected data sharing goal, 

involved parties, and operational context. It ensures that the appropriate SC´s clauses are 

triggered. 

• SC Execution Engine: Monitors in real-time whether the clauses of the SC are fulfilled and 

automatically triggers actions such as controlling data access, logging data usage, or checking 

compliance. 

Multimodal Schedule Ingestion (service): Ingests raw schedules from multiple TSPs, cleanses 
inconsistencies or outdated data, and harmonizes datasets across modes and timeframes to create a 
unified synchronization graph. This process is used to integrate multimodal schedules (airplanes, 
trains, eVTOLs) to generate combined itineraries that respect Minimum Connecting Times (MCT) and 
the Multimodal Connectivity Index. It extends beyond initial planning by continuously monitoring 
journeys, adapting to real-time events, and suggesting rerouting alternatives in case of disruptions and 
affected second leg of the intermodal journey to preserve its continuity. To achieve this business 
service the following operational activities are performed:  

1. Unified Schedule Processor (USP): Ingests raw schedules from different Transport Service 
Providers (TSPs), cleanses and removes inconsistencies or outdated data, harmonizes datasets 
across modes and timelines to construct a unified synchronization graph. 

a.  In cases that there are no current operations (e.g., evtols and seaplanes) Synthetic 
Schedule Generator (SSG): Provides a specialized simulation layer for generating 
synthetic eVTOL schedules to support the integration of Urban Air Mobility (UAM) 
services into existing multimodal networks. 

2. Synchronization: Processes planned or real time schedules across different transportation 
modes and propose feasible and optimized combined itineraries for single ticketing by means 
of the two following functions:  
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a. Intermodal Connectivity Analyzer: calculates and visualizes intermodal network 
connectivity using the Multimodality Connectivity Index algorithms.  

b. Journey Quality Assessor: applies contextual parameters posed by the TSPs to filter 
and recommend high-quality combined itineraries. 

3. Disruption management: Handles real-time alerts provided by the TSPs, classifies their impact 
on the baseline combined itineraries and proposes dynamic adaptation by triggering the SC 
identifier and proposing re-routing for the affected combined itineraries.  

a. Disruption Prediction Engine: consumes alerts of disruptions, compares them with the 
baseline combined itineraries and forecasts which combined itineraries might be 
affected and trigger the SC identifier, especially when a delay risks of missing the 
second leg of the journey due to MCT violations. 

b. Dynamic Re-Routing Engine: identifies alternate combined itineraries in real-time 
during service interruptions or network change.  

Journey Planner (service): Provides a set of itineraries based on route planning, estimated travel times, 
transfer points and the availability and capacity of different transport modes and fares (tickets) to give 
to the passenger multimodal transportation options to travel for a given Origin (O) and Destination 
(D). Helps travelers to create an itinerary based on static or semi dynamic data (e.g., schedule, 
preferences.) 

Triggers & Actions Manager (service): Executes actions and presents the forecasting calculations 
based on predefined data sharing rules. This business service depends on the SC signed by the TSPs.  

3.1.1.1 Deviations with respect to the SESAR solution definition  

The is no deviations with respect to the SESAR solution definition.  

3.1.1.2 Relevant use cases 

Each use case outlines a sequence of actions, including alternate paths and exceptions, to identify all 
possible interactions and scenarios the system must handle. Use cases act as a communication bridge 
between stakeholders, providing a clear and concise description of how the system will be used, 
facilitating discussions and reviews, and helping stakeholders articulate their needs more effectively. 

The defined multimodal data sharing goals directly influence these use cases, forming the basis for 
system design, development, and testing. The data sharing goals for generating and monitoring DSAs 
via SCs to define the precise data exchange needs and interactions between various TSPs. These goals 
shape the creation of software use cases by ensuring they address specific scenarios and requirements, 
facilitating seamless multimodal coordination. By aligning the use cases with these goals, the software 
can accurately capture functional and non-functional requirements, optimise system performance, 
and enhance interoperability and user experience across different transport modes. 

The use cases are classified into basic and specific. 

Basic Use Case: basic use case is fundamental to all processes mentioned above. These include: 

Creation and monitoring of a Data Sharing Agreement and a Smart Contract: Comprising onboarding, 
discovery, negotiation, and settlement and post settlement (monitoring). This foundational use case is 
broken into 5 use cases for simplicity reasons and to provide the necessary framework and support for 
more complex workflows, ensuring a cohesive and integrated system. 
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Specific Use Cases: From the goals diagram presented in section 1.1.1, we can extract a series of use 
cases that align with our primary objectives. These use cases are essential to achieving the defined 
multimodal data sharing goals and provide a structured approach to our software development 
process. We choose to represent at one per goal.  

• Booking, Purchasing, and Issuing a Mobility Package (G1): This includes seasonal tickets 
(G1.1), combined tickets (G1.2), and single tickets (G1.3). Each ticket type will have its specific 
requirements and workflows, ensuring a comprehensive range of options for users 

• Synchronisation of Timetables (G2): Ensures timetables are consistently updated and 
synchronised, crucial for maintaining accurate and reliable scheduling information. 

• Disruption Management (G3): Focuses on handling issues that arise during the post-
settlement phase, ensuring any disruptions from the TSPs are promptly addressed and 
resolved. 

By extracting and defining these use cases from the goals diagram, a clear and structured roadmap for 
our software development process, ensuring all goals are met and user needs are addressed effectively 
is created.  

Use cases such as the creation of mobility packages and smart contracts establish a clear framework 
for the functionalities the software must offer. For example, the creation of smart contracts is broken 
down into pre-condition phases (onboarding and discovery), main flow (negotiation and settlement), 
and post-condition (monitoring). This breakdown allows us to identify critical points where the system 
must interact with the user and other systems, ensuring smooth integration and correct execution of 
processes. Similarly, the synchronisation of timetables and disruption management define 
requirements for handling real-time information and responding to unforeseen events, ensuring 
service continuity and user satisfaction. 

Non-functional requirements derive directly from the overall goals explained in section 2.7.2.3. Data 
sharing goals definitions. For example, Goal G2.1 “Reach More Flights” emphasises the need for 
optimal scheduling and increased accessibility, implying that the system’s synchronisation use case will 
enable TSPs to offer more options to their final users. Similarly, Goal G2.2 “Reach More Passengers” 
suggests the system should be highly accessible and reliable. Goal G2.3 “Substitution of Short Haul 
Flights” highlights the importance of offering sustainable and robust alternatives. 

By clearly outlining the system’s functional requirements from the list of use cases, and aligning with 
the overall goals, we ensure that our software meets operational expectations and aligns with the 
strategic goals of accessibility, efficiency, and sustainability of the project. 
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Table 14: SIGN-AIR basic and specific Use Cases (UC) 

Use Case  Description 

#UC1: Creation of a Contract Process involving On Boarding, Discovery, Negotiation, and Settlement 
phases to create and manage smart contracts. 

#UC1.1: TSP Onboarding The onboarding process starts with the creation of a company profile for 
each TSP, followed by an invitation to the legal representative to join the 

platform. Once the invitation is accepted, legal representatives are 
prompted to provide additional legal information and appoint additional 

administrators and users. 

#UC1.2: Partner TSP Discovery Before entering the contracting phase, the SIGN-AIR platform facilitates the 
identification of suitable partner TSPs for various mobility goals within the 
discovery process. A set of graph-based algorithms is executed to detect 

matching TSPs based on different discovery parameters, such as geographic 
area, time frame, required data fields, and mobility goals. 

#UC1.3: Contract Negotiation Contract negotiation is a key component of the contacting phase, enabling 
TSP representatives to negotiate data sharing agreements and smart 
contracts by proposing edits to the negotiable clauses in the contract 

templates. 

#UC1.4: Contract Settlement Upon successful contract negotiation, both parties proceed to finalisation 
by providing signatures, making both the data sharing agreements and 

smart contracts legally binding. 

#UC2: Monitoring a Contract Observing and managing the execution data sharing agreement and the 
performance of a smart contract post-settlement phase. 
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#UC3: Booking, Purchasing, and 
Issuing a Mobility Package 

Includes booking, Purchasing, and Issuing a Mobility Package. which can be 
either a combined ticket (G1.2), for multiple modes or services, or a of a 
single ticket (G1.3), for a completely integrated multiple modes single 
journey, or a seasonal ticket (G1.1.), valid for a specific season. (definitions 
can be found in section 1.1.1). This aim is to improve passenger experience.  

#UC4: Synchronization of 
Timetables 

Ensuring that transport service timetables are aligned (G2) to have an 
acceptable transfer time between two transport means, involving On 
Boarding, Discovery (this includes a set of different connectivity indexes to 
filter and propose itineraries with acceptable transfer time) Negotiation, and 
Settlement phases too. 

UC4.1: Synchronization of High-
Speed Railway and Airline 
Timetables 

Focuses on the automatic ingestion and harmonization of timetables across 
different TSPs to prepare a shared synchronization baseline between rail and 
air using the multimodal connectivity index to propose feasible combined 
itineraries.   

#UC5: Disruption Management Focuses on handling disruptions applying low-cost measures for airports 
such as prediction of models to optimize the airport flows and calculate the 
number of passengers with a risk of missing their flight or train due to a delay. 
Ensuring that TSPs that can opt for G3 generate a DSA and a SC and monitor 
data sharing with the execution of a signed SC.  

UC1 Creation of a Contract 

Use Case Name: Creation of a Contract 

Description: Process involving Onboarding, Discovery, Negotiation, and Settlement phases to create 
and manage smart contracts. This use case describes how Data Maintenance Officer registers and is 
able to create a data attribute catalogue to create a contract DSA and SC in order to be able to monitor 
the contractual aspects of data sharing and ensure that the data exchange complies with DSAs, SLAs, 
GDPR, and interoperability agreements before any ingestion occurs. 

Actors: 
● Customer service6 administration  

 
6 is responsible for overseeing user support, onboarding, and coordination for Transport Service Providers (TSPs). As a Super Admin, 

Customer Service ensures smooth platform operations by managing user inquiries, resolving technical or administrative issues, and guiding 
TSPs through onboarding and compliance processes. This role has the highest level of administrative access, allowing it to manage 
permissions, oversee data integrity, and enforce platform policies while facilitating communication between platform users and support 
teams. 
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● TSP administration (Legal Representative from two TSPs (TSP A and TSP B) involved in the 
contracting process and appointed lower-level admin) 
 

Preconditions: 
● SIGN-AIR Platform is active and accessible. 

 
Postconditions: 

● Both parties have signed the Data Sharing Agreement and the Smart Contract. Additionally, 
the Smart Contract’s execution flow has been tested and stored in the database. 

● The contract is now legally binding and operational. 
 

Main Flow: 
1. TSP Onboarding: The onboarding process must be completed as described in UC1.1: TSP 

Onboarding 
2. Partner TSP Discovery: The discovery process must be completed as described in UC1.2: 

Partner TSP Discovery 
3. Contract Negotiation: The contract negotiation must be completed as described in UC1.3: 

Contract Negotiation 
4. Contract Settlement: The contract settlement must be completed as described in UC1.4: 

Contract Settlement 
 

Alternative Flows: 
1. The alternative flows included in the previously mentioned Use Cases (UC1.1, UC1.2, UC1.3, 

and UC1.4). 
 

Triggers: 
● The TSP representatives expressed their intent to join the SIGN-AIR Platform by contacting 

SIGN-AIR’s customer service. 
 

Assumptions: 
● The assumptions included in the previously mentioned Use Cases (UC1.1, UC1.2, UC1.3, and 

UC0.4). 
 

Notes: 
● The SIGN-AIR Platform should comprehensively log all steps of this process to ensure 

traceability and accountability. This logging will facilitate troubleshooting, auditing, and future 
reference, enhancing the platform’s reliability and transparency. 
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UC1.1: TSP Onboarding 

Use Case Name: TSP Onboarding 
Description: The onboarding process starts with the creation of a company profile for each TSP, 
followed by an invitation to the legal representative to join the platform. Once the invitation is 
accepted, legal representatives7 are prompted to provide additional legal information and appoint 
additional users (administrators8 or viewers9). 
 
Actors: 

● Customer service administrator system 
● TSP legal representative  

 
Preconditions: 

● The TSP representatives expressed their intent to join the SIGN-AIR Platform and provided 
their contact information to the customer service team. 

Postconditions: 
● The TSP has been successfully onboarded, and the related user accounts have been created.  
● Terms & Conditions and User Agreement have been signed.  

 
Main flow: 

1. Customer service administrator creates a new TSP profile in the SIGN-AIR Platform. 
2. Customer service administrator creates an account for the legal representative and sends an 

email with the credentials.  
3. Legal representative initiates the login process in the SIGN-AIR Platform and confirms Terms 

and Conditions.  
4. Legal representative is given the option to start an onboarding wizard, which guides them 

through the onboarding process. 
5. Legal representative completes the onboarding wizard. 

5.1. Wizard step 1: Legal representative provides any additional required information for 
the TSP, including TSP type, TSP details, and other relevant information. 

5.2. Wizard step 2: Legal representative creates administrator accounts and assigns them 
to the new TSP. This step is optional because the Legal representative can also act as 
administrator of their own TSP. 

5.3. Wizard step 3: Legal representative digitally signs the Terms & Conditions and User 
Agreements, including details of the newly appointed SIGN-AIR TSP administrators. 

6. SIGN-AIR Platform verifies the signatures and sends invitations to the newly created users. 

 
7 An individual to act on behalf of the organisation in legal matters. Legal Representatives are the top-level administrators on the SIGN-AIR 

platform, authorised to invite other admins, and sign the terms and conditions, user agreements, data sharing agreements, and smart 
contracts legal prose. They have the highest level of administrative access, allowing them to manage all aspects of their TSP's participation 
on the platform, including legal and contractual obligations. This role involves making decisions, signing documents, and performing other 
actions that legally bind the transport operator or airport. 

8 Authorized users on the SIGN-AIR platform who can manage day-to-day operations. They can use the platform to its full extent, including 

managing data sharing agreements, smart contracts, and other operational tasks, but do not have the authority to sign legal agreements or 
invite other admins unless delegated by a Legal Representative. 

9 User has been granted read-only access to specific areas or content within the platform. This role is designed for users who need to view 

information, reports, or documents but do not require the ability to create, edit, or delete content.  
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7. Legal representative is given the option to specify the technical data fields available for 
exchange in future data sharing agreements. 
7.1. Legal representative selects the available data fields from a categorised list presented 

in the user interface. 
 

Alternative Flows: 
3. Alternative flow Legal Representative does not provide Data Fields: 

In the alternative flow, steps 1-9 are identical to those in the main flow. The flow diverges when the 
legal representative chooses not to provide a list of data fields for exchange. Therefore, the following 
describes the alternative flow starting from step 10 of the main flow. 

● Legal representative completes the onboarding process without specifying data fields and 
assigns this task to one of the newly appointed admins. 

● One of the new admins accepts the invitation sent by the SIGN-AIR Platform in Step 8, as 
outlined in Steps 3-5. 

● The new administrator logs in SIGN-AIR Platform and selects the available data fields from a 
categorized list presented in the user interface. 

 

4. Alternative flow Legal Representative add/removes administrators: 
The legal representative after completing the Wizard decides to change the appointed administrators.  

● Legal representative removes or adds administrators from the Management of Users.  These 
actions are not applied until the new signature is completed.  

● Legal representative goes to Wizard Step 3: Legal representative digitally signs the Terms & 
Conditions and User Agreements, including details of the newly appointed SIGN-AIR TSP 
administrators 

● SIGN-AIR Platform verifies the signatures and sends invitations to the newly created users. 
● The administrators’ changes are applied.   

 

5. Alternative flow Administrators invite new viewer users: 
● Legal representative removes or adds new viewer users from the Management of Users.  
● New viewer users accept the invitation sent by the SIGN-AIR Platform. 
● Viewer users can login into the SIGN-AIR Platform and have read access to their TSP 

information.  
 

Triggers: 
● The TSP representatives expressed their intent to join the SIGN-AIR Platform by contacting 

SIGN-AIR’s customer service. 
 

Assumptions: 
● Legal representative has sufficient authority to handle the legal aspects of the TSP, including 

appointing additional users and authorising them for onboarding. 
 

Notes: 
● If the legal representative opts to defer the selection of data fields to a newly appointed admin, 

it is important to ensure that the administrator has the necessary permissions and 
understanding of the data fields’ relevance for proper data sharing agreements. 
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● There may be a delay between the legal representative completing the onboarding wizard and 
the newly created users receiving their invitations. It is crucial to monitor this process to 
confirm that all invitations are sent and accepted in a timely manner to avoid onboarding 
delays. 

UC1.2: Partner TSP Discovery 

Use Case Name: Partner TSP Discovery 

Description: Before entering the contracting phase, the SIGN-AIR Platform facilitates the identification 
of suitable partner TSPs for various mobility goals within the discovery process. A set of graph-based 
algorithms is executed to detect matching TSPs based on different discovery parameters, such as 
geographic area, time frame, required data fields, and mobility goals. 

Actors: 
● TSP administrator or legal representative  

 
Preconditions: 

● The Use Case of TSP Onboarding has been completed, and the legal representative might have 
appointed the necessary administrator users. 

● TSP wants to establish data sharing agreements and/or smart contracts to achieve new 
multimodality goals. 
 
 

Postconditions: 
● One of the proposed TSP candidates has been selected, and a partnership invitation has been 

sent. 
 

Main flow: 
1. TSP administrator begins the discovery process by navigating to the Discovery screen. 
2. TSP administrator sets the search parameters, including geographic region, time frame, and 

selects one of the suggested mobility goals. 
3. The SIGN-AIR Platform executes discovery algorithms on the data catalogue graph. 
4. The SIGN-AIR Platform returns a list of potential TSP candidates suitable for partnership based 

on the selected mobility goal and the information provided. 
5. TSP administrator selects one of the suggested TSP and initiates the partnership/contracting 

process. 
6. The SIGN-AIR Platform sends a partnership invitation to the selected TSP administration. 
 

Alternative flow: 
Three alternative flows diverge from the main flow.  
In the first alternative flow, the system is unable to find suitable candidates and prompts the user to 
refine the search parameters. In this flow Steps 1-3 are identical to those in the main flow. 

4. The SIGN-AIR Platform fails to return a list of suitable candidates and prompts the user to 
refine the discovery parameters.  

5. TSP administrator restarts the discovery process, which returns them to Step 1 of the main 
flow. 
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In the second alternative flow, the SIGN-AIR Platform provides a list of suitable candidates for potential 
partnerships, but only if additional data fields are supplied. Consequently, the platform prompts the 
user to update the list of data fields selected for the exchange. In this alternative flow Steps 1-3 are 
identical to those in the main flow. 

4. The SIGN-AIR Platform returns a list of candidates, specifying the missing data fields required 
for each candidate to achieve the selected mobility goal. 

5. The SIGN-AIR Platform prompts the TSP administrator to update the list of data fields available 
for exchange. 

6. TSP administrator then updates the list of available fields. 
7. SIGN-AIR refreshes list of suitable candidates. 
8. TSP administrator selects one of the suggested candidates and initiates the partnership or 

contracting process. 
9. The SIGN-AIR Platform sends a partnership invitation to the selected TSP administration. 

 
In the third alternative flow 

2. The TSP administrator selects one of the subgoals of G2 
3. The alternative flows included in UC4: Synchronization of Timetables  

 
Triggers: 

● TSP administrator initiates the discovery process to search for collaboration opportunities 
related to a specific mobility goal. 

 
 

Assumptions: 
● It is assumed that all onboarded TSPs have accurate and up-to-date data profiles, which are 

necessary for the SIGN-AIR Platform’s algorithms to effectively identify suitable partnership 
opportunities. 
 

Notes: 
● If the system fails to find suitable candidates, users should be prepared to adjust and refine 

the search parameters to improve the results and ensure relevant candidates are identified. 
● The accuracy and completeness of the list of available data fields are crucial. Admins must 

ensure that all necessary data fields are included and updated to enhance the discovery 
process. 

UC1.4: Contract Settlement 

Use Case Name: Contract Settlement 

Description: Upon successful contract negotiation, both parties proceed to finalization by providing 
signatures, making both the data sharing agreements and smart contracts legally binding. 

Actors: 
● Legal Representative from two TSPs (TSP A and TSP B) involved in contracting process. 

 
Preconditions: 

● Both participating TSPs have finalized the Use Case of Contract Negotiation. 
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Postconditions: 
● Both parties have signed the Data Sharing Agreement and the Smart Contract. Additionally, 

the Smart Contract’s execution flow has been tested and stored in the database. 
 

Main flow: 
1. Negotiation for TSP A and TSP B is in “Pending Signatures” status because it starts after the 

successful completion of the Use Case of Contract Negotiation. 
2. SIGN-AIR prompts both TSPs to provide their final signatures. 
3. TSPs Legal Representative reviews and signs the final contract version. 
4. SIGN-AIR stores the signatures and final versions of the Data Sharing Agreement and Smart 

Contract, while also collecting timestamps and IP addresses. 
5. SIGN-AIR tests the Smart Contract and stores the execution rules, including triggers and 

actions. 
 
Alternative flow: 

In the alternative flow, one of the participating TSPs can reject the contract signature request created 
by the other party in Step 3. Steps 1-2 in this alternative flow are identical to those in the main flow 
described above. 

• One TSP rejects the signature request and provides reasoning. 

• The other TSP receives a rejection notification. 

• SIGN-AIR then re-enables contract editing and negotiation. 
The negotiation continues as detailed in Use Case UC#0.3 Contract Negotiation, until a final agreement 
is reached again. 
 
Triggers: 

● UC1.3: Contract Negotiation has ended successfully, with both TSP agreeing to proceed to 
signature. 
 

Assumptions: Both TSPs have completed all necessary preconditions for finalization, including 
agreement on all contract clauses. 

Notes: 
● In the case of a rejected signature, detailed feedback and reasoning provided by the rejecting 

TSP should be thoroughly reviewed to address any issues before resuming negotiations. 
● The Smart Contract’s execution rules and stored data should be regularly audited to ensure 

accuracy and compliance with the agreed terms and conditions. 
 

UC1.3: Contract Negotiation 

Use Case Name: Contract Negotiation 

Description: Contract negotiation is a key component of the contacting phase, enabling TSP 
representatives to negotiate data sharing agreements and smart contracts by proposing edits to the 
negotiable clauses and conditions in the contract templates (see glossary). 

Actors: 
● Administrators from two TSPs (TSP A and TSP B)  
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Preconditions: TSP A has initiated the contracting process by sending a partnership invitation to TSP 
B, as outlined in UC1.2: Partner TSP Discovery  

Postconditions: 
● Both participating TSPs have finalized the negotiations on the Data Sharing Agreement and 

Smart Contract. 
 

Main flow: 
1. TSP B receives a partnership invitation from TSP A. 
2. SIGN-AIR displays the invitation details, including the required data fields, target geographic 

region and time frame, and the mobility goal. 
3. TSP B (appointed admin) accepts the invitation. 
4. SIGN-AIR initiates the contract negotiation process by applying a predefined contract template 

(see section ¡Error! No se encuentra el origen de la referencia.), specifically curated for the 
selected TSP type combination and mobility goal. The template consists of non-negotiable and 
negotiable data sharing clauses, and smart contract triggers and actions. 

5. SIGN-AIR opens an advanced collaborative user interface, enabling negotiations directly on the 
selected template. 

6. TSPs negotiate by proposing edits to negotiable contract clauses, data field specifications, and 
smart contract triggers and actions. 

7. Each proposal is either accepted or rejected by the other party. Steps 6-7 are repeated until 
there are no more pending proposals, and both parties agree on the final version. 

8. Final version is accepted by both parties and submitted for signatures. 

 
Alternative flows: 
There are two possible alternative flows in this use case. In the first alternative flow, Step 3 involves 
TSP B rejecting the partnership invitation, optionally providing an explanation. As a result, TSP A is 
notified and prompted to search for new potential partners. Steps 1-2 in this flow are identical to those 
in the main flow: 

3. TSP B’s appointed administrator rejects the invitation, providing a reason in free text form. 
4. SIGN-AIR sends a rejection notification to TSP A, which then restarts the discovery process to 

search for new partnership opportunities. 
In the second alternative flow, the parties are unable to reach an agreement on the final contract form 
and decide to cancel the negotiation. Steps 1-7 in this flow are identical to those in the main flow: 

8. Certain proposals in the negotiation remain unresolved. 
9. TSP A or B requests cancellation of the negotiation. 
10. SIGN-AIR cancels the contracting process and notifies both parties. 

 
Triggers: 

● TSP A sends a partnership invitation to TSP B, which accepts the invitation. 
 

Assumptions: The predefined contract templates used for negotiation are always up-to-date and 
specifically curated for the TSP type combinations and mobility goals. 

Notes: 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.08 

 

  
 

 

Page | 82 
© –2023– SESAR 3 JU 

 

 
 

● If TSP B rejects the partnership invitation, it will be appreciated that the rejection includes a 
clear reason to facilitate the search for suitable new partners by TSP A. 

● When the negotiation is cancelled, it is important for both parties to be aware that they will 
need to restart the process from the beginning if they wish to engage in future negotiations. 

UC2: Monitoring a Contract 

Use Case Name: Monitoring a Contract 

Description: This use case involves all procedures required to monitor a signed contract. This process 
follows the Contract Settlement phase by providing the TSP administrator with a tool to monitor the 
signed Smart Contracts. The Monitoring allows the TSP administrator to keep track of all the events 
happening in the Smart Contract since its creation.   

Actors: 
● TSP A administrator. 
 

Preconditions: 
● Creation of a Smart Contract Use Case completed for TSP A with other TSPs: A Smart Contract 

has been created, registered in the blockchain, and is active. Requiring monitoring to ensure 
compliance and performance. 
 
 

Postconditions: 

• The Smart Contract is effectively monitored. 

• Real-time updates and automated responses are facilitated. 

• Data integrity and security are maintained. 
 

Main Flow: 
1. Initiate Monitoring: TSP administrator accesses the Monitoring Dashboard (see section 2.7). 
2. Selection of the available active Smart Contract. 
3. Obtains the general information of the Smart Contract, shows the timeline of all the executed 

triggers and actions. 
 

Alternative Flow: 
1. Receives a notification related to the Smart Contract. 
2. TSP administrator is redirected to the notified event in the corresponding Smart Contract 

timeline view. 
 

Triggers: 
● TSP administrator accesses the Monitoring Dashboard or receives a notification related to the 

Smart Contract. 
 

Assumptions: 
● The TSPs are cooperative and willing to share real-time data through APIs. 
● The SIGN-AIR platform has the necessary computational resources and security measures to 

monitor smart contracts effectively. 
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● The SIGN-AIR platform continues to monitor the smart contract throughout its lifecycle, 
adapting to new rules and data types as necessary. 

● The SIGN-AIR platform continuously collects data from TSPs, and third-party services based on 
the parameters defined in the smart contract. 

● The platform processes the collected data in real-time, enabling automated responses and 
updates (Smart Contract actions) without manual intervention. 

● Smart contracts execute algorithms using predefined triggers and actions that are registered 
and can be displayed in the Monitoring Dashboard. 
 

Notes: 
● The SIGN-AIR platform ensures the security and integrity of the data by leveraging the 

registration in the Blockchain of all the Smart Contract details (triggers, actions, notifications)  

UC3: Booking, Purchasing, and Issuing a Mobility Package 

Use Case Name: Booking, Purchasing, and Issuing a Mobility Package 

Description: This use case outlines the process of booking, purchasing, and issuing a mobility package, 
allowing travellers to navigate through different transport networks using a single ticket contract. The 
process involves selecting a travel itinerary, completing the booking, making the payment, and 
receiving the ticket entitlement. 

Actors: 
● Travel Companion app (TC) (see 2.7.3.2) 
● TSP A, TSP B 
● SIGN-AIR platform 
● Route Network Management 

 
Preconditions: 

● The traveller has the Travel Companion app installed and has created an account with his/her 
credentials.  

● The Travel Companion app and SIGN-AIR Platform are communicating through an API. 
● Relevant TSPs have active data sharing agreements managed by the SIGN-AIR Platform. UC1.4: 

Contract Settlement is completed and contracts for mobility packages between TSP A and TSP 
B have been created. 
 

Postconditions: 
● The traveller has successfully booked, purchased, and received a mobility package (ticket 

contract) for their journey. 
● The travel itinerary is updated in the traveller’s wallet. 

 
Main Flow: 

1. Traveller initiates the booking process: The traveller opens the Travel Companion app, selects 
the origin and destination for their trip, sets their preferences concerning starting time, ending 
time of the trip, trip duration, number of transfers, mode, etc., and searches for available 
mobility packages. 

2. Journey planning: The Travel Companion app calculates a set of itineraries and communicates 
this set with SIGN-AIR. 
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3. Agreement verification: The SIGN-AIR Platform identifies if there are existing data sharing 
agreements between the TSPs for the specified itinerary and provides the conditions to be 
checked. 

4. Display options: The Travel Companion app displays available mobility packages, including 
different modes of transport (e.g., train, bus, flight) and pricing. 

5. Traveller selects a mobility package: The traveller reviews the options and selects a preferred 
mobility package. 

6. Evaluation of conditions: The Travel Companion app evaluates if the passenger fulfils the 
conditions of the specific mobility package. 

○ Combined Ticket: 
■ The traveller selects the desired combined ticket option. 
■ The app verifies the traveller’s eligibility based on predefined criteria with the 

involved TSPs and authorises the booking. 
○ Single Ticket: 

■ The traveller selects the desired single ticket option. 
■ The app verifies the traveller’s eligibility based on predefined criteria with the 

involved TSPs and authorises the booking. 
○ Seasonal Ticket: 

■ The traveller chooses the desired seasonal ticket type and reviews the terms 
and conditions. 

■ The Travel Companion app verifies the traveller’s eligibility based on 
predefined criteria and the authorization of a third-party organisation (e.g., 
airport) to authenticate the entitlement of booking and purchasing the 
specific seasonal ticket.  

7. Booking confirmation: The Travel Companion app validates the booking details and confirms 
availability with the involved TSPs. 

8. Traveller completes purchase: The Travel Companion app prompts the traveller to proceed 
with payment. The traveller selects a payment method and completes the transaction. 

9. Payment processing: The Travel Companion app processes the payment and sends a 
confirmation to the SIGN-AIR Platform and the TSPs. 

10. Ticket issuance: The Travel Companion app generates the ticket contract (mobility package) 
and issues the ticket entitlement. The ticket includes necessary details like travel itinerary, 
traveller information, and unique identification codes (e.g., QR code, barcode). Travel 
companion sent a message to the involved TSPs or the third-party organisation and the SIGN-
AIR platform that the ticket was issued.  

11. Ticket delivery: The Travel Companion app delivers the digital ticket to the traveller via in-app 
download and email. 

12. Traveller receives confirmation: The traveller receives a confirmation message with the ticket 
details and usage instructions in the Travel Companion app. 

13. Wallet update: The Travel Companion app updates the traveller’s wallet (see section2.7), 
including the new ticket entitlement that reflects the booked, purchased, and issued mobility 
package. 
 

Alternative Flows: 
1. No contract found: 

○ If the SIGN-AIR Platform cannot identify a contract between the TSP pairs, the Travel 
Companion app notifies the traveller and provides the corresponding error handling. 
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2. No agreement for selected mobility package: 
○ If the traveller selects a mobility package without an existing agreement, the Travel 

Companion app sends a message to the SIGN-AIR Platform. 
3. Eligibility failure: 

○ If the traveller is not eligible for the selected mobility package, the Travel Companion 
app provides an appropriate message and options for other mobility packages. 

4. Seasonal ticket entitlement failure: 
○ If the traveller is not entitled to the seasonal ticket during authentication, the app 

provides an appropriate message and options for other mobility packages. 
5. Payment failure: 

○ If the payment fails, the app prompts the traveller to retry or use a different payment 
method. 

Triggers: This use case is initiated when a traveller tries to book and purchase a new mobility package 
on the Travel Companion app. 

Assumptions: 
● The Travel Companion app offers all the functionalities mentioned in section 2.7.3.2 
● The Travel Companion app is part of the SIGN-AIR ecosystem and can check contracts 

registered within SIGN-AIR. 
 

Notes: 
● The mobility package simplifies the travel process by providing a unified ticketing solution. 
● The involvement of multiple TSPs requires robust data sharing and contract management 

facilitated by SIGN-AIR. 
● Real-time synchronisation between the Travel Companion app and SIGN-AIR Platform is 

essential for accurate booking and itinerary updates. 
● Clear communication and confirmation at each step of the process help enhance the traveller’s 

experience and confidence in using the service 

UC4: Synchronization of Timetables 

Use Case Name: Synchronization of Timetables 

Description: Synchronization of timetables between different Transport Service Providers (TSPs) to 
identify promising combined itineraries (e.g., minimize transfer times) and provide seamless 
connections for passengers. This involves the identification combined itineraries or re-scheduling of 
the timetables of the vehicle arrivals and departures at specific points (e.g., airports, stations, bus 
stops) to ensure a large number of destinations with reduced transfer times. This use case describes 
how harmonized and semantically aligned intermodal data feed the external module of 
synchronization to identify promising combined itineraries.  

Actors: 
● TSP A=airline (Route Network Management system), TSP B=high speed railway operator or 

evtol operator or seaplane operator 
● SIGN-AIR platform 
● Synchronization of timetables module  
● Data standardization tool or module  

 

Preconditions: 
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● Timetables for both TSP A & TSP B are available, for the air related TSPs the data should be 
provided in IATA SSIM format and for the terrestrial operators such as railway operators in 
GTFS.  

● The SIGN-AIR´s synchronisation module is operational and has access to the necessary data. 
● TSP A and TSP B have completed Basic Use Case TSP Onboarding in the SIGN-AIR platform. 
● TSP A or TSP B that has initiate the negotiation has selected one of the goals of G2.  

 

Postconditions: 

● Proposal of specific flights and trains that have an acceptable connection time based on a 
specific hub airport. These are inserted in the DSAs of TSP A and TSP B. 

 

Main Flow: 
1. Start Event from SIGN-AIR Platform: Possible start events are: 

1.1. TSP A wants to Synchronize timetables with TSP B. 
1.2. TSP A and TSP B have started a type of Contract that needs Synchronization of 

Timetables as Pre-Condition. 
2. Creation of Contract Use Case triggered: A subgoal of Synchronize timetables (G2) is selected. 

2.1. SIGN-AIR platform queries the synchronization of timetables module 
3. Synchronization loop 

3.1. Selection of connectivity index model: Based on the subgoal selected a different 
model is implemented (for more information check annex 2. 

3.2. Data input: To be able to synchronize the timetables additional input from the TSPs is 
requested by the synchronization module 

3.2.1. GTFS data or NeTEX (see 2.7) from high-speed railway operators and planned 
arrivals and departure times from the airlines and evtol operators (IATA SSIM) 

3.3. Arrival & Departure Management (TSP A): TSP A manages its arrival and departure 
schedules of flights based on the parameters provided by the SIGN-AIR platform. 

3.4. Arrival & Departure Management (TSP B): The railway operator manages its arrival 
and departure timetables based on the parameters provided by the SIGN-AIR 
platform. 

3.5. Synchronized Timetables: The TSPs have selected the itineraries based on the 
intermodal connectivity index proposal.  

3.6. Parameter Adjustment: The SIGN-AIR synchronization module adjusts the parameters 
based on feedback from both TSP A and TSP B, for the next iteration of the loop.  
 

Alternative Flow: 
● If the timetable data is not available or there are discrepancies e.g., not in the appropriate 

standard, the SIGN-AIR platform will notify the respective TSPs to update or correct the data 
before proceeding. 

● If data of railway is not in GTFS form the TSP is redirected to data standardization tool.  
● If timetables are not available synthetic data schedulers tools for evtols and seaplanes can be 

used.  
 
 
 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.08 

 

  
 

 

Page | 87 
© –2023– SESAR 3 JU 

 

 
 

Triggers: 
● This use case is initiated when there is a need to synchronize timetables between different 

TSPs to facilitate seamless passenger transfers. 
● All changes in timetables (or whatever trigger is specified in the Smart Contract), will start a 

new synchronization loop iteration.  
 

Assumptions: 

• The TSPs are cooperative and willing to share their timetable data. 

• The SIGN-AIR platform has the necessary computational resources to calculate and propose 
adjustments in timetables. 
 

Notes: 
● The success of this use case relies on the accuracy and timeliness of the timetable data 

provided by the TSPs. 
● This use case aims to enhance the overall passenger experience by reducing transfer times and 

providing reliable connections between different modes of transport. 
 

UC5: Disruption Management 

Use Case Name: Disruption Management 

Description: Effective management of disruptions within an intermodal transport system, ensuring 
minimal impact on the overall transport system efficiency and traveller convenience. This involves 
coordination among various TSP involved leveraging real-time data sharing and proactive 
communication.  

Actors: 

• TSP A (railway operator), TSP B (airline) (Passenger Booking Management system), TSP C 

(airport) 

• Disruption management module (DMM) 

• SIGN-AIR platform 

• Passenger (Mobile user) 

 

Preconditions: 
● The SIGN-AIR disruption module is operational and has access to real-time data from various 

TSPs. 
● Contract Creation Use Case (each pair of TSP A & TSP B) completed: The two TSPs involved 

(TSP A and TSP B) must have a Smart Contract between them for the specific goal (G3.1 and/or 
G3.2) of the Disruption Management. 

● Disruption details are available from the TSPs. 
● Traveller has a mobile phone and can scan a QR code  
● Traveller has bought a combined or single ticket or has accepted to share his/her data with 

other TSPs in case of a disruption.  
● Intermodal Action Management (IAM) systems are working properly to trigger the conditions 

of a SC.  
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Postconditions: 
● Disruptions are managed effectively with minimal impact on passengers and systems 

efficiency. 
● Passengers receive timely notifications via a dashboard and their mobile phone and can adjust 

their travel plans proactively. 
 

Main Flow: 
1. Disruption Notification – A disruption event is detected and reported by TSP A, triggering a 

notification to the SIGN-AIR Disruption Management Module (DMM) via real-time alert 
(external trigger) by a TSP.  

2. Impact Calculation on Combined Itinerary(ies) – The DMM cross-references the disruption 
data with planned multimodal itineraries, evaluating: 

○ Minimum Connection Time (MCT) thresholds, ensuring transfer feasibility considering 
possible second-leg delays (strategic and tactical estimated time of arrivals and 
departures) 

○ Itinerary dependencies, assessing if subsequent legs of the journey are impacted. 
○ Alternative itineraries availability across different transport options. 

3. Smart Contracts (SC) Identifier: The SIGN-AIR disruption module identifies the relevant Smart 
Contracts affected by the disruption and shall be executed. 

3.1 SC between airline and highspeed rail operator (i.e., single ticketing) 
3.2 SC between airport and highspeed rail operator  

4. Smart Contract Executor: The SIGN-AIR disruption module executes the Actions and Triggers 
of Smart Contract(s) to manage the disruption including proposals for rerouting, and 
compensation processing based on the rules of responsibility sharing 

5. Blockchain Register: The SIGN-AIR platform registers the disruption details and actions taken 
on the blockchain for transparency and accountability. 
 

Alternative Flow: 
● If the disruption details are incomplete or unavailable, the SIGN-AIR disruption module will 

notify TSP A to provide the necessary information before proceeding. 
● If 3.1 is executed and rerouting is requested, then DMM will propose alternative intermodal 

itineraries to the airline. Airline will check the feasibility of these proposed alternatives and 
select a options to communicate with the traveller via his/her mobile phone. The traveller will 
select one of these options and send it to the airline to issue a new ticket/voucher.  

● If 3.2 is executed QR Code Generator: The SIGN-AIR disruption module generates a QR code 
containing details of the affected flights/rides and a passenger questionnaire. QR Code Display: 
TSPs dashboard displays the QR code to passengers, providing them with disruption details 
and allowing them to answer a questionnaire. This questionnaire gathers data such as the 
name of the passenger and if he/she has to drop off luggage and associates them with the 
number of flight(s) that might be affected, in this way the gathered answers are used to 
calculated the number of passengers that will arrive at the airport with a delay and they have 
a high risk of missing their flight. 
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Triggers: 
● This use case is initiated when a disruption is detected and reported by any TSP that has an 

active Smart Contract and evaluated by the DMM.  
 

Assumptions: 
● The TSPs are cooperative and willing to share real-time data and disruption details such as 

estimated arrival time. 
● The SIGN-AIR disruption module has the necessary computational resources to calculate and 

manage disruptions. 
 

Notes: 
● The success of this use case relies on the accuracy and timeliness of the disruption details and 

real-time data provided by the TSPs. 
● Effective disruption management enhances the overall resilience and reliability of the 

intermodal transport system, ensuring minimal inconvenience for passengers. 
 

3.1.1.3 Applicable standards and regulations 

This section identifies the list of standards and regulations that are applicable to the SESAR Solution 
0375.  

3.1.1.3.1 Applicable standards  

SYNC-REACT module that support the identification of promising intermodal itineraries has the 
following needs per actor.  

• Airlines or airports use the IATA SSIM format to provide the schedules as input to the SYNC-
REACT module. 

• High speed railway operators, regional railway operators, bus operators provide their planned 
schedules in GTFS format.  

SIGN-AIR solution does not require new or an amendment of a published standard.  

D2.5 Standardisation (STAND) – Intermediate, Table 2: details the applicable standards per goal as the 
TSPs need to select list proposed data standards during negotiation stage.  

3.1.1.3.2 Applicable regulations  

The applicable regulations for the development of the SIGN-AIR platform and its components as well 
as the drafting of the DSA and the SC are the following:  

• the Data Act: Regulation (EU) 2023/2854 of the European Parliament and of the Council of 13 
December 2023 on harmonized rules on fair access to and use of data and amending 
Regulation (EU) 2017/2394 and Directive (EU) 2020/1828 

• the Data Governance Act: Regulation (EU) 2022/868 of the European Parliament and of the 
Council of 30 May 2022 on European data governance and amending Regulation (EU) 
2018/1724 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.08 

 

  
 

 

Page | 90 
© –2023– SESAR 3 JU 

 

 
 

• the Platform-to-business relations Regulation: Regulation (EU) 2019/1150 of the European 
Parliament and of the Council of 20 June 2019 on promoting fairness and transparency for 
business users of online intermediation services 

• the Artificial Intelligence Act (AI ACT): Regulation (EU) 2024/1689 of the European Parliament 
and of the Council of 13 June 2024 laying down harmonized rules on artificial intelligence and 
amending Regulations (EC) No 300/2008, (EU) No 167/2013, (EU) No 168/2013, (EU) 2018/858, 
(EU) 2018/1139 and (EU) 2019/2144, and Directives 2014/90/EU, (EU) 2016/797 and (EU) 
2020/1828. 

• the GDPR: Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 
2016 on the protection of natural persons with regard to the processing of personal data and 
on the free movement of such data, and repealing Directive 95/46/EC 

• the NIS 2 Directive: Directive (EU) 2022/2555 of the European Parliament and of the Council 
of 14 December 2022 on measures for a high common level of cybersecurity across the Union, 
amending Regulation (EU) No 910/2014 and Directive (EU) 2018/1972, and repealing Directive 
(EU) 2016/1148 

• the Digital Services Act: Regulation (EU) 2022/2065 of the European Parliament and of the 
Council of 19 October 2022 on a Single Market For Digital Services and amending Directive 
2000/31/EC 

• the Copyright DSM Directive: Directive (EU) 2019/790 of the European Parliament and of the 
Council of 17 April 2019 on copyright and related rights in the Digital Single Market and 
amending Directives 96/9/EC and 2001/29/EC 

• the Trade Secrets Directive: Directive (EU) 2016/943 of the European Parliament and of the 
Council of 8 June 2016 on the protection of undisclosed know-how and business information 
(trade secrets) against their unlawful acquisition, use and disclosure 

• the Database Directive: Regulation (EU) 2022/2065 of the European Parliament and of the 
Council of 19 October 2022 on a Single Market For Digital Services and amending Directive 
2000/31/EC 

• the Updated ITS Directive: Directive (EU) 2023/2661 of the European Parliament and of the 
Council of 22 November 2023 amending Directive 2010/40/EU on the framework for the 
deployment of Intelligent Transport Systems in the field of road transport and for interfaces 
with other modes of transport 

• the MMTIS Delegated Regulation: Commission Delegated Regulation (EU) 2017/1926 of 31 
May 2017 supplementing Directive 2010/40/EU of the European Parliament and of the Council 
with regard to the provision of EU-wide multimodal travel information services 

• the E-commerce Directive: Directive 2000/31/EC of the European Parliament and of the 
Council of 8 June 2000 on certain legal aspects of information society services, in particular 
electronic commerce, in the Internal Market (Directive on electronic commerce). 

• the eIDAS Regulation: Regulation (EU) No 910/2014 of the European Parliament and of the 
Council of 23 July 2014 on electronic identification and trust services for electronic 
transactions in the internal market and repealing Directive 1999/93/EC. 
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• the Rome I Regulation: Regulation (EC) No 593/2008 of the European Parliament and of the 
Council of 17 June 2008 on the law applicable to contractual obligations. 

• the Brussels Ibis regulation: Regulation (EU) No 1215/2012 of the European Parliament and of 
the Council of 12 December 2012 on jurisdiction and the recognition and enforcement of 
judgments in civil and commercial matters 

• the Consumer Rights Directive (CRD): Directive 2011/83/EU of the European Parliament and 
of the Council of 25 October 2011 on Consumer Rights. 

• the Unfair Contract Terms Directive (UCTD): Council Directive 93/13/EEC of 5 April 1993 on 
Unfair Terms in Consumer Contracts 

• the Code of Conduct for computerized reservation systems: Regulation (EC) No 80/2009 of the 
European Parliament and of the Council of 14 January 2009 on a Code of Conduct for 
computerised reservation systems and repealing Council Regulation (EEC) No 2299/89 

• the Common Rules for the Operation of Air Services in the Community: Regulation (EC) No 
80/2009 of the European Parliament and of the Council of 14 January 2009 on a Code of 
Conduct for computerized reservation systems and repealing Council Regulation (EEC) No 
2299/89 

• the common rules on compensation and assistance to passengers in the event of denied 
boarding and of cancellation or long delay of flights: Regulation (EC) No 261/2004 of the 
European Parliament and of the Council of 11 February 2004 establishing common rules on 
compensation and assistance to passengers in the event of denied boarding and of 
cancellation or long delay of flights, and repealing Regulation (EEC) No 295/91 

• the common rules for the allocation of slots at Community airports: COUNCIL REGULATION 
(EEC) No 95/93 of 18 January 1993  

• the Air navigation Services provision regulation: REGULATION (EC) No 550/2004 of the 
European Parliament and of the Council of 10 March 2004 on the provision of air navigation 
services in the single European sky (the service provision Regulation) 

• the requirements for air traffic management/air navigation services, design of airspace 
structures and data quality, runway safety: REGULATION (EU) 2020/469 amending Regulation 
(EU) No 923/2012, Regulation (EU) No 139/2014 and Regulation (EU) 2017/373 as regards 
requirements for air traffic management/air navigation services, design of airspace structures 
and data quality, runway safety and repealing Regulation (EC) No 73/2010 

• the Common Project: COMMISSION IMPLEMENTING REGULATION (EU) 2021/116 of 1 
February 2021 on the establishment of the Common Project One supporting the 
implementation of the European Air Traffic Management Master Plan provided for in 
Regulation (EC) No 550/2004 of the European Parliament and of the Council, amending 
Commission Implementing Regulation (EU) No 409/2013 and repealing Commission 
Implementing Regulation (EU) No 716/2014 

• One supporting the implementation of the European Air Traffic Management Master Plan: 
COMMISSION IMPLEMENTING REGULATION (EU) 2021/116 of 1 February 2021 on the 
establishment of the Common Project One supporting the implementation of the European 
Air Traffic Management Master Plan provided for in Regulation (EC) No 550/2004 of the 
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European Parliament and of the Council, amending Commission Implementing Regulation (EU) 
No 409/2013 and repealing Commission Implementing Regulation (EU) No 716/2014 

• the Union guidelines for the development of the trans-European transport network: 
REGULATION (EU) 2024/1679 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 13 
June 2024 on Union guidelines for the development of the trans-European transport network, 
amending Regulations (EU) 2021/1153 and (EU) No 913/2010 and repealing Regulation (EU) 
No 1315/2013 

• the requirements for the operation of manned aircraft with a vertical take-off and landing 
capability: COMMISSION IMPLEMENTING REGULATION (EU) 2024/1111 of 10 April 2024 
amending Regulation (EU) No 1178/2011, Implementing Regulation (EU) No 923/2012, 
Regulation (EU) No 965/2012 and Implementing Regulation (EU) 2017/373, as regards the 
establishment of requirements for the operation of manned aircraft with a vertical take-off 
and landing capability 

• the requirements for the management of information security risks with a potential impact on 
aviation safety for organizations: REGULATION (EU) 2023/203 of 27 October 2022 laying down 
rules for the application of Regulation (EU) 2018/1139 of the European Parliament and of the 
Council, as regards requirements for the management of information security risks with a 
potential impact on aviation safety for organizations 

• the requirements for manned aviation operating in U-space airspace: COMMISSION 
IMPLEMENTING REGULATION (EU) 2021/666 of 22 April 2021 amending Regulation (EU) No 
923/2012 as regards requirements for manned aviation operating in U-space airspace, 
COMMISSION IMPLEMENTING REGULATION (EU) 2021/665 of 22 April 2021 amending 
Implementing Regulation (EU) 2017/373 as regards requirements for providers of air traffic 
management/air navigation services and other air traffic management network functions in 
the U-space airspace designated in controlled airspace, COMMISSION IMPLEMENTING 
REGULATION (EU) 2021/664 of 22 April 2021 on a regulatory framework for the U-space 

• the common rules in the field of civil aviation and establishing a European Union Aviation 
Safety Agency: REGULATION (EU) 2018/1139 OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL, of 4 July 2018 on common rules in the field of civil aviation and establishing a 
European Union Aviation Safety Agency, and amending Regulations (EC) No 2111/2005, (EC) 
No 1008/2008, (EU) No 996/2010, (EU) No 376/2014 and Directives 2014/30/EU and 
2014/53/EU of the European Parliament and of the Council 

The applicability of these regulations and their impact on the development of the SIGN-AIR platform, 
its components, the Data Sharing Agreements and the Smart Contracts will be detailed in the second 
and third versions of the REG Deliverable (D2.6 and D2.13).  

For more information on the applicable regulations please refer at D2.13 - Regulation (REG) – Final. 

SIGN-AIR solution single ticketing has regulatory needs for the multimodal passengers’ rights which 
is currently a proposed regulation. 

 



 

DES HE SESAR SOL0375 TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

 
 

 

Page | 93 
© –2023– SESAR 3 JU 

  
 Data sensitivity - Internal 

3.1.2 Resource configurations required for the SESAR solution 

The resource configurations (RCs) required by the SESAR solution, the relevant (sub)-operating environments where the RCs operate, and the links 
between RCs and ATM capabilities, business function and stakeholders shall be identified in the table below. 

Table 15: list of resource configuration required for the SESAR solution 

SESAR 
solution ID 
and title 

Resource configurations (RCs) 
(from common 
taxonomy/SESAR 
architecture) 

Sub-operating 
environment(s) where the 
RCs operate 

ATM capabilities 
(from common 
taxonomy/SESAR 
architecture) 

Business function (from 
common 
taxonomy/SESAR 
architecture) 

Stakeholders (from 
common 
taxonomy/SESAR 
architecture) 

SOL0375 SIGN-
AIR 

N/A 

 

APT-Very Large 

APT-Large 

APT-Medium 

APT-Small 

Intermodal hub N/A AU  

AO Civil 

USSP 

Vertiport operator 

SOL0375 SIGN-
AIR 

N/A APT-Very Large 

APT-Large 

APT-Medium 

APT-Small 

Single Ticketing N/A 

 

AU  

AO Civil 

USSP 

Vertiport operator 

SOL0375 SIGN-
AIR 

N/A APT-Very Large 

APT-Large 

Disruption 
Management 

N/A 

 

AU  

AO Civil 
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APT-Medium 

APT-Small 

USSP 

Vertiport operator 

SOL0375 SIGN-
AIR 

N/A APT-Very Large 

APT-Large 

APT-Medium 

APT-Small 

Multimodal 
Performance 
Management 

N/A 

 

AU  

AO Civil 

USSP 

Vertiport operator 

 

As presented in the table above the solution can offer benefits independent on the airport size as it is adoptable based on the stakeholders that are 
available to generate a contract. 

For very large, large and medium airports that are served by a railway station either highspeed (e.g. CDG; AMS, BRU) or regional railways or suburban 
railways (e.g. AIA, BCN). In these cases, the proximity of the train station plays a crucial role and shall be considered. Concerning the medium and 
small airports the solution can be deployed as they are served by long distance bus services. (e.g., Rethimnon 57K of population, has bus connection 
5times per day and the city is 2h from the airport of Chania and the ticket costs 5-9euros and if you get a taxi, it costs 60-80euros. From Heraklion 
only bus on demand that costs 27-45euros and taxi 85-110euros, the prices are estimations coming from Rome2Rio web app). For more information 
concerning the services connected with the airports please refer at Annex 2. 

 

 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |97 
© –2023– SESAR 3 JU 

  
 

 

3.2 Changes imposed by the SESAR solution on the baseline 
architecture 

Table 16: list of changes due to the SESAR solution 

# Enabler ID (from 
common 
taxonomy/SESAR 
architecture) 

Enabler title (from 
common 
taxonomy/SESAR 
architecture) 

Changes 

1 AOC-ATM (or FOC)-
01853 

Advanced route 
planning for the 
identification of 
attractive air–rail 
connections  

Route Network Management system by 
accessing origin-destination connectivity 
and incorporating intermodal inputs such 
attractive intermodal itineraries (air and 
connecting train instead of connecting 
flight) for single ticketing.  

2 AOC-ATM (or FOC)-
01876 

Assessment Airports 
accessibility via 
Intermodal 
Connectivity 
calculation 

-Route Network Management system by 
accessing rail–air, air–rail, and air–air 
connectivity indices could incorporate 
intermodal inputs such attractive 
intermodal itineraries (air and connecting 
train instead of connecting flight) for 
single ticketing. This enables better 
airport accessibility (Capability level 2), as 
network planning can account for 
multimodal connections, supporting the 
optimization of city-pair networks in line 
with business plan goals. 

- Disruption and Recovery Management 
system, currently handles situations 
where standard measures in single 
transport system which can be expanded 
to other transport modes by This allows 
assessing intermodal connectivity. By 
combining real-time air and rail data, 
intermodal rerouting and optimized 
schedule adjustments during delays or 
disruptions, considering service 
frequency and connectivity to maintain 
resilient operations at hub airports. This 
enhances airport accessibility, 
performance management and maybe 
Flight Delay Capability Management, 
ensuring that passengers can be 
dynamically accommodated on 
alternative multimodal itineraries, 
reducing the impact of disruptions on the 
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overall network and maintaining 
connectivity across the air transport 
system. 

3 AOC-ATM (or FOC)-
01877 

Enhance both airlines 
passenger 
Notification System 
and Travel 
Companion (TC) with 
multimodal 
information and 
intermodal 
alternative 
itineraries.  

Passenger Booking Management system, 
which tracks passenger reservations and 
ticketing, will be enhanced to unify 
passenger notifications and operational 
and enhance data management via the 
management of single ticketing.  

4 HUM-01855 Modify responsibility 
of a Data Steward for 
fragmented data 
models and 
ownership of data 
attributes across 
departments/systems 

-Data Maintenance Officer role, which 
currently gathers, analyses, and provides 
operational data (aeronautical, 
constraint, meteorological, airline, 
aircraft, etc.) for flight operations, will 
now map, create, curate, and maintain a 
comprehensive data model/metamodel 
to enhance the data management 
capability.  

5 HUM-01878 Train staff of 
passenger Services 
Desk (within 
Operations Control 
Center- OCC) to 
propose intermodal 
itineraries. 

Operations Control Officer (OCC), who 
monitors flight operations in real time, 
assesses deviations, and evaluates their 
impact across flights while ensuring safe 
and orderly operations aligned with 
business goals, will now have the 
capability to reaccommodate passengers 
dynamically using integrated air–rail 
itineraries. This includes checking 
capacity availability and ensuring 
compliance with passenger rights. This 
will enhance the single ticketing 
capability.  

6 HUM-01879 Train staff of Network 
Planning Department 
to analyse rail-air and 
air-rail connectivity 
index to propose 
intermodal itineraries  

-Flight Schedule Planner, responsible for 
defining seasonal and daily flight 
schedules, coordinating aircraft and crew 
resources, managing flight relations, and 
re-planning schedules in case of 
deviations or unfeasible conditions, will 
now analyse rail–air connectivity and 
demand. This enables the selection of 
profitable multimodal routes and the 
establishment of strategic rail 
partnerships. This change will enable a 
better access to the airport.  
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-Route Network Manager, who oversees 
the network of city-pair routes based on 
business plan goals, will now incorporate 
rail–air connectivity analysis into route 
planning. This includes evaluating 
multimodal demand, optimizing route 
profitability, and identifying 
opportunities for intermodal 
partnerships. This change will enable a 
better access to the airport. 

7 HUM-01880 Update the role for 
Passenger 
Notification and 
Multimodal Updates 

The Decision Support Officer, who acts as 
the liaison between flight operations and 
internal/external partners, and supports 
collaborative decision-making and 
disruption recovery, will now manage 
real-time passenger notifications. The 
update of this role is coordinate 
passenger communication proactively, 
ensuring that all stakeholders are 
informed of changes or re-
accommodation options, reducing 
confusion and delays during disruptions. 
This can enhance Performance 
Management (Operational) and Flight 
Delay Capability Management.  
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4 Technical specifications 

The TS/IRS requirements describe functional and non-functional as well as capabilities specifications, 
covering performance, physical characteristics, environmental and facility conditions under which the 
SIGN-AIR has to perform, requirements to interfaces and data definitions, security specifications, 
design constraints, etc.  

4.1 Functional architecture overview 

This section provides an overview of the SESAR solution functional architecture, and it includes: 

• High level diagram of resource connectivity models NATO System View (NSV-1); 

• Infrastructure models NATO System View (NSV-2)  

• Orchestration models of the NATO System View 4 (NSV-4). Different NSV-4 views have been 
generated.  

The functional breakdown is in line with the latest applicable version of the SESAR target Enterprise 
Architecture and its structure. Deviations identified are reported through the contribution of the 
solution project to architecture modelling activities related to the common taxonomy/SESAR 
architecture with the support of AMPLE3 WP2.  

4.1.1 Resource connectivity view <NSV-1 #1> 

This sub-section describes how the relevant resources interact in different (sub)-operating 
environments to achieve the needed ATM capabilities. The purpose of the System Interface 
Description is to illustrate which systems collaborate and in which way to support the operational 
domain’s information and information exchange needs as defined in the Operational View presented 
in Figure 7.  

The following figure (Figure 8) shows how the relevant resources interact in Operating Environments 
for the realisation of: 

1. Creation of Data Catalogue, Data Sharing Agreements, and Smart Contracts service supports 
Transport Service Providers and related stakeholders in making their data assets discoverable and 
interoperable. The service enables the structured registration of datasets in a catalogue, the 
definition of data-sharing agreements that specify usage conditions, and the generation of smart 
contracts to automate compliance and execution. 

2. Calculation of actions based on the predefined rules service allows calculation of the necessary 
conditions to trigger the execution of Smart Contracts.  

3. Secure Data Exchange services transform heterogeneous datasets into actionable, harmonized 
information performing semantic and syntactic alignment where necessary.  

4. Provide data to be shared service allows stakeholders to provide the data according to the 
contracts signed based on the clauses agreed at the DSAs and SCs.  

5. Execute contracts and monitor contractual aspects of data sharing service ensures that smart 
contracts are identified and executed as defined, monitors compliance with contractual terms, 
and obligations throughout the data-sharing lifecycle. 
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6. Provide an integrated interface for Journey Planning by optimizing multimodal travel paths based 
on real-time data and manages Booking and Ticketing by facilitating provisional reservations and 
secure financial settlements to issue unified travel entitlements. This end-to-end process acts as 
a digital bridge between initial search and the final delivery of a legally binding mobility package 
to the passenger. 

 

NSV-1 SIGN-AIR platform_v7

Railway Data ServiceContract Manager

Creation of 
data 

catalogue, 
Data Sharing 
Agreements 
and Smart 
Contracts

Airport Data Service

Execute 
contracts and 

monitor 
contractual 
aspects of 

data sharing

Vertiport Data Service

EVTOL Data Service

Civil AU Operations 
Centre

Intermodal Data 
Connector

Secure Data 
Exchange

Intermodal Action 
Manager

Request of 
multimodal 

data

Calculation of 
actions based 

on the 
predefined 

rules

Provide data 
to be shared

Seaplanes Data Service

Sea airport Data Service

Telematics Applications 
for Passenger services

Journey 
planning, 

ticket 
booking & 
ticketing

 

Figure 8: NSV-1 of SIGN-AIR 

4.1.1.1 Resource Infrastructure view <of the NSV-2> 

The interfaces that SIGN-AIR solution will use are the following:  

• REST APIs: offer a lightweight and scalable solution ideal for exchanging real-time schedules, 
events, and alerts. These APIs are designed to work seamlessly with modern GTFS (General 
Transit Feed Specification) data formats, including JSON and CSV-based feeds, ensuring 
compatibility with contemporary transit systems. The RESTful approach also supports 
encryption via HTTPS, providing a secure channel for transmitting sensitive personal or 
operational data 

• SOAP APIs: are better suited for secure, transactional exchanges that involve personal data, 
such as passenger details. These APIs leverage the WS-Security framework to enforce rigorous 
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message validation and ensure end-to-end confidentiality and data integrity. Their robust 
design makes them a reliable choice for scenarios demanding higher levels of security and 
structured communication. 

Secure Communication Standards 

• HTTPS (Hypertext Transfer Protocol Secure) will be used to encrypt all communications 
between systems, ensuring that data related to schedules, alerts, and personal information 
remains confidential and protected against interception. This protocol guarantees both data 
integrity and secure transmission, aligning with modern security standards. 

• TLS (Transport Layer Security) adds an additional layer of security to the data transmission 
process. It safeguards sensitive information traveling across interfaces by encrypting the 
transport layer, protecting against eavesdropping, tampering, or message forgery during 
exchange. 

Messaging Protocols 

• AMQP (Advanced Message Queuing Protocol) is particularly suited for asynchronous 
communications such as delay notifications, service disruptions, or other operational alerts. 
With its reliable delivery mechanisms and support for queueing, AMQP ensures that critical 
messages reach their intended recipients, even in complex or distributed system 
environments. 

• MQTT (Message Queuing Telemetry Transport) is ideal for lightweight, real-time alerts 
directed at mobile or IoT devices. Its low bandwidth requirements and high efficiency make it 
a preferred protocol for delivering timely updates, such as service delays or urgent 
notifications, to end-user devices, ensuring passengers and stakeholders receive actionable 
information without delay. 

To integrate MQTT or AMQP into SIGN-AIR’s disruption management module, the module needs to 
establish robust communication protocols and real-time data-sharing frameworks. MQTT typically 
uses port 1883 for unencrypted communication and 8883 for secure communication, while AMQP 
commonly operates on port 5672 for unencrypted traffic and 5671 for secure connections. Both 
protocols rely on a broker to facilitate communication between publishers and subscribers, handling 
the routing of messages based on predefined topics or queues. This decoupling ensures that the sender 
and receiver don’t need the same port but must connect to the same broker. 

SIGN-AIR’s disruption management module should include an Event Detection and Classification layer 
that interprets these messages. This layer must integrate an MQTT or AMQP client to subscribe to 
topics or queues that convey real-time railway disruptions. Once received, messages should be parsed, 
validated, and mapped to SIGN-AIR’s internal schema for consistency. Event classification logic should 
be implemented to distinguish between minor delays and major disruptions, using metadata like 
timestamps, location identifiers, and disruption types to calculate the impact on multiple transport 
modes. To visualize and respond to disruptions, SIGN-AIR should develop a dashboard with a real-time 
event feed and map integration, leveraging tools like Leaflet.js or Mapbox for geospatial rendering. 
Alerts should be customizable, enabling stakeholders to prioritize and respond effectively to high-
impact events. Additionally, a backend infrastructure with message queuing systems (e.g., RabbitMQ 
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or Kafka) and databases like PostgreSQL with PostGIS for geospatial queries should be deployed to 
store, process, and analyse incoming disruption data. 

Cost considerations depend on the choice of broker setup. Hosting an open-source MQTT (e.g., Eclipse 
Mosquitto) or AMQP (e.g., RabbitMQ) broker provides flexibility but requires infrastructure 
management. Alternatively, managed services like AWS IoT Core or Azure Service Bus simplify 
deployment at a cost tied to usage metrics such as message volume and data transfer. Lightweight 
message payloads and efficient protocols ensure low bandwidth costs, while secure communication 
using TLS encryption incurs minimal computational overhead, enhancing reliability for sensitive 
disruption data. This setup aligns with SIGN-AIR’s goals of enabling scalable, secure, and efficient event 
detection and classification across transport networks. 

Contract Manager
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Figure 9: NSV-2 of SIGN-AIR 

4.1.1.2 Resource orchestration view <all NSV-4s linked to NSV-1 #1> 

This sub-section describes how the systems interact at a functional level. As presented in the SESAR 
solution overview, the SIGN-AIR platform allows TSPs and mobility stakeholders to generate contracts 
with different data sharing goals.  

Figure 10, NSV-4 Contracts´ generation shows the process followed by TSPs to create multimodality 
Contracts. The journey begins with the Data Maintenance Officer, who identifies a need for new data 
sources such as terrestrial data coming from Railway Data Service Configuration. The collaboration 
request means to subscribe at a system that will facilitate for initiating a data sharing collaboration 
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and sign a DSA and SC by establishing the governance and data sharing rules among the partners as 
well as enhance the discoverability of datasets. The end user (TSP) onboarding is managed by the 
Identity, Access & Trust Management function which controls and validates identities, roles (i.e. legal 
representative, admin, viewer), and access rights of participating end users. More specifically the 
Participant/Membership Management function defines and manages participation and roles within 
the governed ecosystem of the Contract Manager. If the entity is not a member already the Terms & 
conditions of the platform as well as the User Agreement need to be signed. Then these legal 
documents are signed then Metadata Registry & Catalogue Research function identify datasets based 
on its metadata (data attributes, catalogues) from railway data service and other participants of the 
ecosystem such as evtol operators, seaplanes operators and potentially long-distance bus operators 
as potential collaborators of the airline (airspace user). The multimodality goal is determined based on 
the data attributes and parameters inputted by the end user. The DSA & SC negotiation management 
set the environment of negotiation by sending the invitation to the selected collaborator and 
presenting the dedicated to the multimodality goal template. If there is the need for timetables 
synchronization (e.g. single ticketing) then the contract manager end users could use the SYNC-REACT 
system which is a stand-alone module that processes planned or real time schedules across modes by 
integrating multiple data formats (e.g., IATA SSIM, GTFS, NeTEx) to propose feasible and optimized 
combined itineraries for single ticketing. The use case finishes with the signature of the contracts by 
both collaborating TSPs.  

In short Figure 10, illustrates the functional process through which TSPs collaborate to draft and finalize 
multimodality contracts (Data Sharing Agreements & Smart Contacts). It maps the sequence of 
activities of Onboarding to the contract manager (from the identity & access management to 
participant & members management), discoverability (metadata catalogue to identification of 
potential collaborator) and then from initial negotiation to the formal creation of the contracts. 
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Figure 10: NSV-4 Contracts ‘generation 

Figure 11 shows the NSV-4 of synchronization of timetables between an airline and a high-speed 
railway operator which is part of the negotiation step. It starts with a request for synchronization of 
timetables between the two modes or an alert a disruption in the 1st leg of an intermodal itinerary. 
Synchronization of Timetables Request initiates the synchronization process by providing the 
necessary data for the identification and proposal of intermodal itineraries. It acts as the trigger for 
the system to align schedules based on specific synchronization goals (see section 2.7.2.3). The Request 
for Synchronization data flow includes the requesting TSP’s profile and specific multimodality goals 
(e.g., G2 Synchronization of Timetables) linked to their current DSA, alongside the designated planning 
horizon. Then the Intermodal Synchronization Manager determines the appropriate optimization logic 
by analysing three primary variables provided in the Request for Synchronization: the synchronization 
goal, the planning horizon, and the participating transport modes. The identification of the specific 
model implemented for the synchronization job is performed that defines the request of schedules 
and their specification of format. The standards specifications are determined and communicated with 
the Flight Scheduling function of the Route Network Management' that supports the Airspace User in 
the management of the network of city pairs that shall be operated. The planning of the network bases 
on the goals defined in the business plan and from the Trains timetables planner respectively. 
Schedules are digested and validated. In case that there are issues on the validation the respective 
system is requested to update the dataset and standardize it with the assistance of a schedule 
converter. These schedules are refined by the Unified Schedule Processor (USP), which performs 
essential semantic and syntactic translation to create a foundational layer of multimodal data. This 
allows the system to identify promising combined itineraries by the Intermodal Connectivity Analyzer 
that calculates and visualizes intermodal network connectivity using the Multimodality Connectivity 
Index algorithms. 
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Figure 11: NSV-4 Synchronization of timetables between airline and highspeed railway operator 

Figure 12 and Figure 13 are some extra views on synchronization to set the environment for the 
introduction of evtols and seaplanes.  

Figure 12 presents the synchronization of timetables between an evtol operator and an airline. USSP 
(U-space Service Provider) is included to be in accordance and complement the solutions presented in 
EUREKA, SIGN-AIR addresses the single ticketing and the intermodality of these modes.  
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Figure 12: NSV-4 Synchronization of timetables triggered by evtols operator to airline 

Figure 13 presents the synchronization of timetables between an airline and a seaplane operator. 
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Figure 13: NSV-4 Synchronization of timetables between an airline and a seaplane operator 

The 2nd main service of SIGN-AIR solution is the monitoring of contractual aspects of data sharing. For 
this reason, the following views where selected to be modelled and linked with the solution’s 
functional requirements and enablers in section 4.2.  

Figure 14 shows the NSV-4 for mobility package (see section 2.7.2.1.1. G1 Mobility Package) 
booking. The process is the same for any kind of ticket (seasonal, combined, or single ticket) as 
described in #UC3. The variations in each case lie in the contract conditions and the authentication and 
entitlement process. It is important to mention that for single ticketing mobility packages 
synchronization is a prerequisite. 

NSV-4 Mobility Package Booking view, the functional flow describes how a passenger's request is 
transformed into a provisional reservation through the interaction of the Travel Companion, the SIGN-
AIR-Contract Manager, and the Airline's Booking System. The process begins when a passenger that 
has uses the Travel Companion interface (app or web) to search for a multimodal/intermodal journey. 
The system captures the passenger's origin, destination, and travel preferences to initiate the 
identification of suitable mobility packages. Based on the search criteria, the Journey Planner of a 
Travel Companion (TC) provides a Set of Alternative Itineraries. The Contract Manager intercepts the 
potential itineraries to ensure they are covered by active (signed and valid) Data Sharing Agreements 
(DSAs) and Smart Contracts (SC). If there is a Contract behind the Mobility Package performs the 
Identify Contracts' Conditions function to verify the legal and operational rules applicable to the 
journey and mobility package and sends them back to the TC. This leads to the Evaluation of Condition 
Generator, which processes Condition Information to produce Condition Evaluation Info, ensuring the 
journey complies with pre-negotiated Conditions and send this information to the booking system of 
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an airline to process the passengers´ data and verify that the passenger has the legal right to travel 
and to book the specific mobility package, it is linked with the capacity and availability of tickets. If the 
passenger is eligible and there is availability, then the system grants permission to finalize the 
reservation. 
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Figure 14: NSV-4 Mobility package booking 

The end event of Figure 14 is the starting point of Figure 15. The reason that we chose to represent 
them in a different scheme was to make the view readable.  

This NSV-4 Mobility Package Purchase and Issuing describe the transition from a reserved/booked 
itinerary to a finalized travel entitlement. The process is triggered when the Provisional Ticket Contract 
is generated. Once the system receives Payment Confirmation, the Ticket Generator synthesizes the 
confirmed data to perform Ticket Entitlement Issuing. This results in a Final Ticket Contract and a 
unified Ticket Entitlement (the digital proof of the right to travel) which is then securely stored in the 
Traveller's Wallet for use across the air and rail portions of the journey. On the other hand, the 
confirmation of ticket purchased & issued is shared with the contract manager and triggers the clauses 
of revenue sharing and stores that there is a passenger that bought this mobility package.  
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Figure 15: NSV-4 Mobility package purchase and issuing 

Due to the fundamental differences in their operational workflows, contractual obligations, and data 
processing needs different NSV-4 diagrams addressing Railway-Airport and Railway-Airline disruptions 
were created. The key reasons are:  

• Railway-Airport: the focus is on the flows management and to prioritize, if possible, passenger 
that can reach their flights.  

• Railway-Airline: the focus is on accommodating passengers with a single ticket rail-air.  

Figure 16 the system views of disruption management between airport and railways.  

A railway operator sends an alert to the SIGN-AIR platform that triggers relevant SC concerning 
disruption management. Based on that SC, the synchronization and disruption module and more 
specifically Disruption Prediction Engine. It consumes alerts of disruptions, compares them with the 
baseline combined itineraries and forecasts which combined itineraries might be affected and trigger 
the SC identifier, especially when a delay risks of missing the second leg of the journey due to Minimum 
Connecting Time (MCT) violations. Hence, it is important to highlight that this use case has as a 
prerequisite the synchronization and purchase of single ticketing.  
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Figure 16: NSV-4 Disruption management between airline and highspeed rail operator in case single ticket is 
purchased 
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4.1.2 Resource composition 

This section describes the main subsystems as depicted in Figure 17 as follows  
1. Identity & Access Management sub-system: Manages the identification, authentication, and 

authorization of end users across the system. It verifies the identities of participating 
organizations and users, manages their credentials and attributes, and enforces access 
policies to control which resources, data, or services they are allowed to access. It ensures 
that only authenticated and authorized participants can interact with the contract manager 
(platform), in accordance with governance rules, trust frameworks, and compliance 
requirements. Typical functions include:  
a. Identity verification and authentication of participants 
b. Management of credentials, roles, and data attributes for the creation of organization´s 

catalogue 
c. Authorization and access control based on policies and governance rules 
d. Issuance and validation of access tokens or credentials 
e. Enforcement of trust and compliance requirements across the ecosystem of multimodal 

data sharing. 
 

2. Metadata Registry – Catalogue of Catalogues & Templating sub-system: Provides 
organization and controlled discoverability of datasets, events, and services across the 
ecosystem, in a way that respects governance rules, access rights, and participation 
agreements. The subsystem manages metadata from participants, including data attributes, 
service descriptions, governance rules, and access requirements, and organizes them in a 
graph-based structure that captures relationships between datasets, services, participants, 
and agreements for flexible discovery and interoperability. It supports the identification of 
relevant datasets, services, and potential collaborators by matching essential data attributes, 
TSP type, and pre-defined multimodality goals. The subsystem also includes templating 
mechanisms that standardize metadata descriptions and facilitate the creation of 
governance-compliant collaboration or participation agreements with fixed and optional 
clauses. Templates ensure consistency across metadata, accelerate preparation, and support 
interoperability and trust within the multimodal ecosystem. Typical functions include: 
a. Graph-based organization of dataset, event, and service metadata in line with 

governance rules. 
b. Publication of controlled catalogues for discoverability. 
c. Attachment of governance rules, usage conditions, standard and agreement references 

to metadata. 
d. Search and discovery of datasets and services based on metadata attributes and 

multimodality goals. 
e. Identification of potential collaborators using metadata and TSP characteristics. 
f. Provision of templates for standardized metadata descriptions and collaboration 

agreements (DSAs and SCs). 
 

3. Contract Negotiation Interface subsystem: Provides an interface for end users of the system 
to negotiate and configure DSA and SC based on templates provided by the Metadata 
Registry – Catalogue of Catalogues & Templates. The subsystem allows adjustment of 
mandatory clause parameters and negotiation of non-mandatory clauses, ensuring 
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agreements are tailored to the needs of the participants while remaining compliant with 
governance rules. It maintains versioning of contracts negotiation instances, enabling 
traceability of changes, auditing, and compliance with policies over time. Typical functions 
include:  

a. Negotiation of non-mandatory clauses and configuration of mandatory clause 
parameters. 

b. Instantiation of contracts from templates provided by the Metadata Registry. 
c. Versioning and tracking of contract changes for traceability. 
d. Finalization and storage of governance-compliant agreements 
e. Integration with Identity & Access Management to ensure only authorized participants 

can negotiate and sign contract. 
 

4. Smart Contract Execution & Monitoring subsystem: Manages the execution and monitoring 
of the data-driven components of SCs across the system. This subsystem enforces “if/then” 
logic defined in the executional part of SCs, triggered by events, data inputs, or system 
conditions, ensuring that contractual obligations are automatically applied in real time. It 
leverages a blockchain or distributed ledger to record execution events, changes, and 
interactions in an immutable, transparent, and auditable way. This guarantees traceability of 
all automated actions, compliance with governance rules, and accountability for all parties 
involved. The subsystem interacts with APIs and external data sources, including intermodal 
systems and Telematics applications, to obtain the necessary inputs to trigger contract 
clauses, while maintaining secure, authorized access. Typical functions include: 

a. Execution of automated “if/then” clauses of Smart Contracts based on incoming data and 
events. 

b. Recording execution events and contract interactions on a blockchain for immutability 
and auditability. 

c. Monitoring compliance with contractual obligations and governance rules in real time. 
d. Providing traceable and auditable logs for accountability and dispute resolution. 
e. Integration with API & Integration Management for data inputs and outputs 
f. Support for interoperability with other ecosystem subsystems, including Contract 

Negotiation Interface 
 

5. API & Integration Management: Provide standardized and interoperable interfaces for 
accessing and exchanging data and services across the ecosystem. This subsystem exposes 
APIs for DSAs and SCs creation and execution, as well as for consuming external services such 
as the Intermodal Action Manager, which identifies key parameters for intermodal 
itineraries, synchronization rules, and predefined data-sharing calculations. This subsystem 
exposes APIs for providing information to Telematics Applications and TCs, on the mobility 
packages that have a signed DSA and SC at the contract manager system. The subsystem also 
enables provision of data for monitoring contractual compliance and integration with 
Intermodal Data Connectors. Typical functions include:  
a. Definition and exposure of interoperable APIs and service specifications 
b. Enforcement of access policies and authorization decisions 
c. Provision of governed API responses to authorized consumers 
d. Monitoring of usage metrics, availability, and error reports 
e. Standardized and controlled access to datasets, services, and external platforms 
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Contract manager technical system Structure

Contract manager

Identity & Access Management Metadata Registry – Catalogue of Catalogues & Templating
Contract Negotiation Interface Smart Contract Execution & Monitoring

API & Integration Management:

 

Figure 17: Contract manager technical system Structure 

4.1.3 Service view 

SIGN-AIR platform provides two services. 

1. Data Sharing Agreements (DSA) and Smart Contracts (SC): Generation, Management, and 
Termination  

2. Data Sharing/Contract execution monitoring. 

The following table presents SIGN-AIR solution services and details them to their business functions. 
Additionally, it shows the provider and the input data per function as well as the consumer and the 
output of the function. The listed functions are further detailed and explained in the operational views 
of Annex 1. 

Table 17: SIGN-AIR business services and functions 

Business 
Service  

1. Data Sharing Agreements (DSA) and Smart 
Contracts (SC): Generation, Management, and 
Termination 

2. Data 
Sharing/Contract execution 
monitoring. 

Business 
Function 

Onboarding: 
Create end-
user profiles 
and data 
catalogues 
for 
participating 
TSPs 

Discovery: 
Identify and 
propose 
opportunitie
s for 
multimodal 
collaboration 
among TSPs 
by 
performing 

Negotiation:  
Support the 
negotiation and 
formalization of 
DSAs and SCs 
tailored to 
multimodal 
goals. 

Settleme
nt:  
Formaliz
e and 
validate 
agreeme
nts and 
enable 
the 
monitori
ng of 

Post settlement  
Activate the 
execution of a DSA 
and/or a SC 

Monitor the 
execution of 
data-sharing 
agreements 
using Smart 
Contracts 
(SCs) and 
optimize 
ongoing 
collaboratio
n processes 
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data 
mapping.  

data-
sharing 
processe
s. 

between 
TSPs. 

Provider TSP SIGN-AIR 
platform 

SIGN-AIR 
platform 

SIGN-
AIR 
platfor
m 

TSP SIGN-AIR 
platform 

Input 
(informatio
n 
exchanged 
to feed the 
function) 

-Company 
details,  
-end user 
data,  
-legal 
documents 
signed, 
-data 
attributes 

-Catalogue of 
catalogues-
Discovery  

-Contract 
template 
(predefined, 1 
template per 
pair and per 
objective). 
-Combined 
itineraries from 
synchronization 
module 

Final 
contract, 
(legal 
prose), 
program
matic 
compone
nt of SC 
and 
specificat
ions for 
monitori
ng 

Alert or message 
for activation of 
contract(s) by TC 

-Signed 
contracts.  
-Disruption 
managemen
t algorithms 
from DMM 
-Triggers & 
Actions 

Output  Data 
catalogue 

-List of 
potential 
partners  
-invitation(s) 
towards a 
potential 
collaboration 

Interims output 
the offers, and 
counter offers 
contract of 
negotiation 
Final contract, 
programmatic 
component of SC 
and 
specifications for 
monitoring 

Signed 
contracts 
and id of 
contract 
& access 
interface
s for 
monitori
ng (url, 
tokens 
id, API) 

Contract instance 
to be executed 

Proofs of 
data sharing 
(registers in 
blockchain) 

Consumer SIGN-AIR 
platform  

TSP TSP TSP  SIGN-AIR 
platform 

TSP 

 

Additionally, the SIGN-AIR platform connects with SYNC-REACT to receive additional services that 
might be necessary for specific functions such as negotiation or monitoring (this because SIGN-AIR is 
not a centralized repository of dataset and the data matching is performed with the catalogues of TSP´s 
data attributes).  

I. Synchronization and Reaction to minor changes/delays (SYNC-REACT)  

SYNC-REACT has 2 main business services: Data digestion and update of synchronization graph and 
Multimodal itineraries proposal 
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Table 18: Synchronization of timetables module business services and functions 

Business 
Service 

1.Data digestion and update of 
synchronization graph 

2.Multimodal itineraries proposal  

Business 
Function 

Profile 
creation: 
Create the 
profile of end 
user    

Upload planned 
or operational 
schedules.  
(ingesting raw 
data-data input 
and storage) 

Generate air-
rail network: 
Present the 
results of the 
graph based on 
baseline 
multimodal 
connectivity 
 
OR  
 

Generate 
traditional air 
& AAM 
network 
based on 
baseline of 
traditional Air 
& AAM 
connectivity 

Modifier: 
Allows the 
implementatio
n of specific 
parameters 
that activate 
functions of the 
graph to make 
proposal of 
combined 
itineraries.  
 
Rule-based 
parameter 
activation that 
influences 
itinerary 
proposals 

Print combined 
itineraries: 
Creation of lists 
that can be 
copy pasted 
and managed 
in the contracts 
of SIGN-AIR 
platform.  

 

Clean & update 
the 
synchronization 
graph 
 
(Processes the 
ingested data to 
digest, 
structure, and 
update the 
synchronization 
graph, it 
includes data 
validation, 
standardization, 
error correction, 
and 
transformation 
into a graph 
format.) 

 

Provider 
SIGN-AIR 
platform 

TSPs 
Synchronizatio
n module 

TSPs 
Synchronizatio
n module 

 

Input 
(informatio
n 
exchanged 
to feed the 
function) 

Name of 
company, and 
details of end 
users  

GTFS data  
and from IATA 
SSIM or the data 
with the 
following 
structure: ADEP, 
ADEP Longitude, 
ADEP Latitude, 
ADES, ADES 
Longitude, ADES 
Latitude, Filed,  
Arrival Time, 
Filed Off Block 

air-rail network 
based on the 
baseline 
multimodal 
connectivity 
index 
 
Scheduled 
airlines-evtols 
network. 
Integrate AAM 
Connectivity 
with dynamic 

Parameters of 
connectivity 
(Origin, 
Destination, 
Hub airport, 
Transfer time, 
scheduled 
departure and 
arrival time.) 

List of 
proposed 
itineraries, 
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Time, AC 
Operator, 
STAFOR Market 
Segment, ICAO 
Flight Type (see 
metadata 

description file) 

timetable 
synchronizatio
n 

Output  
Profile of end 
user created 

Graph 
created/update
d 

List of 
proposed 
itineraries, new 
AIR-RAIL 
network 
 
List of 
proposed 
itineraries AIR-
AAM and Flight 
schedules, 
eVTOL 
availability, 
demand 
forecasts, AI-
driven 
passenger 
clustering 

List of 
proposed 
itineraries 
based on the 
end user 
modifications 

Coded list of 
proposed 
itineraries. 

 

Consumer 
Synchronizatio
n module 

Synchronization 
module  

TSPs  
Synchronizatio
n module 

TSP, SIGN-AIR 
platform 

 

 

II. Standards conversion platform  

Standard conversion platform such as TransiTool (TT) servers as a data converter and as a data 
validator. Its main business services are:  

• Data digestion and  

• Data conversion from IATA SSIM to GTFS  

 

 

https://www.eurocontrol.int/sites/default/files/2023-07/rnd-data-description-2023.pdf
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Table 19: Standards conversion platform business services and functions 

Business 
Service 

Data digestion  Data conversion from IATA SSIM to GTFS  

Business 
Function 

Profile 
creation: 
Create the 
profile of end 
user    

Upload planned 
schedules: Digest 
the dataset of TSPs 
 
SSIM Parser enables 
efficient extraction 
and manipulation of 
flight schedule data, 
facilitating smoother 
operations for 
airlines and related 
industries 

SSIM2GTFS converts the SSIM 
files to GTFS files 

Download GTFS 
files 

 

Provider SIGN-AIR 
platform 

TSPs TT  TT  

Input 
(information 
exchanged 
to feed the 
function) 

Name of 
company, and 
details of end 
users  

IATA SSIM  Flight schedules GTFS  

Output  Profile of end 
user created 

Updated database 
Flight schedules 

GTFS GTFS zipped  

Consumer TT TT TSPs TSP, SIGN-AIR 
platform 

 

4.2 Functional and non-functional requirements 

This section outlines the functional, non-functional, and interface requirements for the SIGN-AIR 
solution. These requirements define the capabilities, performance, and security specifications 
necessary for the solution to facilitate the secure generation of bilateral contracts specifically Data 
DSAs and SCs as well as it specifies the requirements for monitoring the contractual aspects and 
compliance tasks defined within these agreements 
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4.2.1 Functional requirements (FR) 

The requirements elicited and presented in Table 20 are linked with Figure 10: NSV-4 Contracts 
‘generation that aim to allow TSPs to use the contract manager and generate DSAs and SCs by 
performing the first necessary step which is the onboarding meaning registering the entity and the end 
users are at the contract manage system as well as managing the metadata that will allow the contract 
manager to create and update the catalogue of the TSP.  

Table 20: Contracts´ creation requirements (onboarding step) 

Identifier 
FR1  

REQ-SOL0375-TSIRS-UU00.0001  

Title TSP Profile Creation 

Requirement 
The end user registration sub system (e.g., Customer Service Administrator10) 
should allow to create a new TSP profile 

Status Validated 

Rationale 

Essential for the onboarding process to begin, as each TSP needs a profile to 
be onboarded. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

 
10 Customer administration service is a subsystem of SIGN-AIR platform that is responsible for overseeing user 
support, onboarding, and coordination for Transport Service Providers (TSPs). As a Super Admin, Customer 
Service ensures smooth platform operations by managing user inquiries, resolving technical or administrative 
issues, and guiding TSPs through onboarding and compliance processes. This role has the highest level of 
administrative access, allowing it to manage permissions, oversee data integrity, and enforce platform policies 
while facilitating communication between platform users and support teams. 
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83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Human task>  Collaboration request 

d501ca3f-6119-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> N/A 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR1  Specify Send invitation from customer service agent Create TSP 

 

Identifier 
FR2 

REQ-SOL0375-TSIRS-UU00.0002 

Title Legal Representative Account Creation 

Requirement 

Customer Service Administrator of onboarding subsystem should allow the 
legal representative to create new accounts and assign roles (e.g. admin, 
editor, viewer) to the representatives of his/her organization.  

 

Status Validated 

Rationale 

Required to involve the legal representative in the onboarding process, 
ensuring legal and administrative controls are in place. The end users of the 
platform have certain access rights to be able to perform the different tasks to 
generate a DSA and SC.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 
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< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

<ALLOCATED_TO>  <System function> Identity, Access & Trust Management 

695af672-6119-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR 2 Specify Send invitation from customer service agent Create TSP 

 

Identifier 
FR3 

REQ-SOL0375-TSIRS-UU00.0003 

Title Terms and Conditions Acceptance 

Requirement 
The onboarding/user registration subsystem should be able to allow the legal 
representative to sign the Terms and Conditions and the User agreement 
document and store it at the relevant legal documents data base.  

Status Validated 

Rationale 

Ensures that the legal representative agrees to the platform’s Terms and 
conditions before proceeding, protecting the platform legally. If the legal 
representative does not sign with the platform’s Terms and Conditions and the 
User agreements cannot proceed and use the platform, because it is crucial to 
define responsibility to the end users that have access to the platform so they 
can proceed to the generation of the DSAs and SCs.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |122 
© –2023– SESAR 3 JU 

  
 

 

REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Participant/Membership Management 

33552680-6319-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR 3 Specify Send invitation from customer service agent Create TSP 

FR 3 Specify Verify & manage on board legal documents 

 

Identifier 
FR4 

REQ-SOL0375-TSIRS-UU00.0004 

Title Onboarding Wizard 

Requirement 
Onboarding wizard subsystem should  guide the TSP legal representative 
through the onboarding process. 

Status Validated 

Rationale 

Simplifies the onboarding process by guiding the end user of the platform 
through necessary steps, reducing errors and incomplete profiles. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 
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Related Use Case(s) UC1.1: TSP Onboarding 

REQ Trace] 

 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

<ALLOCATED_TO> <System function> Policy & Agreement Management 

57e9a9bd-6419-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR4 Specify Send invitation from customer service agent Create TSP 

FR4 Specify Verify & manage on board legal documents 

 

Identifier 
FR5 

REQ-SOL0375-TSIRS-UU00.0005 

Title TSP Information Collection 

Requirement 
The onboarding subsystem shall allow the TSP legal representative to provide 
additional required information such as TSP type, TSP details, etc. 

Status Validated 

Rationale 

Collecting comprehensive details ensures that the platform has all necessary 
information for the TSP operational activities (e.g., location of operation and 
timeframe) and for generating administrative details for the contracts (such as 
VAT, address etc). 
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This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Participant/Membership Management 

33552680-6319-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR5 Specify Set final TSP profile 

 

Identifier 
FR6 

REQ-SOL0375-TSIRS-UU00.0006 

Title Administrator Account Creation 

Requirement 

The onboarding/user registration subsystem should be able to allow the legal 
representative to create different accounts to onboard his/her colleagues and 
assign them roles with different access rights on the functionalities of the 
platform.  

Status Validated 
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Rationale 

Provides flexibility in managing the TSP’s internal structure by assigning 
administrative roles to different users. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Participant/Membership Management 

33552680-6319-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR6 Specify Manage TSP profile and users 

 

Identifier 
FR7 

REQ-SOL0375-TSIRS-UU00.0007 

Title Digital Signature for Term & Conditions and User Agreements 

Requirement 
The onboarding/user registration subsystem shall be able to allow the legal 
representative to digitally sign the Terms and Conditions and the User 
agreement documents and store it at the relevant legal documents data base. 

Status Validated 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |126 
© –2023– SESAR 3 JU 

  
 

 

Rationale 

Legally binds the TSP to the agreements, making the digital process equivalent 
to traditional paper-based signatures. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Security 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler>  HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Human Task> Membership Management 

72812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR7 Specify Verify & manage on board legal documents 

 

Identifier 
FR8 

REQ-SOL0375-TSIRS-UU00.0008 

Title Secure Invitation and Access Provisioning for New Users 

Requirement 
The onboarding/users registration subsystem shall generate and transmit 
secure, time-bound invitation tokens to newly created users by the legal 
representative of the company (e.g., Administrators and Viewers).  

Status Validated 
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Rationale 

Ensures that access to the Entity Profiles and Attribute Catalogues (Primary 
Assets) is only granted to authorized personnel. By automating the invitation 
process after organization validation, the platform maintains a "Secure 
Onboarding" chain, preventing unauthorized users from accessing the 
negotiation environment. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional/Security 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Participant/Membership Management 

33552680-6319-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function  

FR8 Specify Verify & manage on board legal documents 

 

Identifier 
FR9 

REQ-SOL0375-TSIRS-UU00.0009 

Title Specify Technical Data Fields 

Requirement 
The onboarding/user registration subsystem should be able to allow the end 
user to specify the technical data fields for the future data sharing agreements. 
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Status Validated 

Rationale 

Allows the TSP to predefine data fields they are willing to share, streamlining 
future contract negotiations. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Metadata Registry & Catalogue Research 

69b962f8-6519-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement  Specify  Business Function  

FR9 Specify Send data catalogue for confirmation 

FR9 Specify Create new TSP data catalogue 

 

Requirement  Specify  Business Function  

FR11 Specify Manage TSP profile and users 

 

Identifier 
FR12 

REQ-SOL0375-TSIRS-UU00.0012 

Title Creation of a Data Catalogue 
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Requirement 

The onboarding/user registration subsystem should allow the end user to 
check the data attributes of the pre-defined list to create and maintain a 
structured data catalogue containing metadata about its available datasets, 
services, and interfaces.  

Status Validated 

Rationale 

A structured data catalogue enhances facilitates data-driven collaboration 
among transport service providers. By standardizing metadata and enables the 
discovery of potential collaborations.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Metadata Registry & Catalogue Research 

69b962f8-6519-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier 
FR14 

REQ-SOL0375-TSIRS-UU00.0014 

Title Creation of catalogue of catalogues 
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Requirement 
The subsystem of onboarding an entity should consume the data catalogues 
(data attributes) of the registered entities and create the catalogue of 
catalogues.  

Status Validated 

Rationale 

The creation of the catalogue of catalogues is basically a structured inventory 
of metadata that allows the system to identify afterwards potential 
collaboration between different entities.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Data  

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Metadata Registry & Catalogue Research 

69b962f8-6519-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

 

Requirement  Specify  Business Function 

FR14 Specify Update Catalogue of Catalogues 

 

Identifier 
FR15 

REQ-SOL0375-TSIRS-UU00.0015 

Title Update of catalogue of catalogues 
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Requirement 
The onboarding subsystem of companies should update the catalogue of 
catalogues ensuring that any modifications made by a TSP to its data catalogue 
are reflected in the overarching registry. 

Status Validated 

Rationale 

Keeping the catalogue of catalogues up to date ensures accurate discovery of 
available datasets, prevents inconsistencies, and facilitates the generation 
data-sharing agreements.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.1: TSP Onboarding 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Metadata Registry & Catalogue Research 

69b962f8-6519-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

 

 

The requirements elicited and presented in Table 21 are linked with Figure 10: NSV-4 Contracts 
‘generation that aim to allow TSPs to use the contract manager and generate DSAs and SCs by 
performing the step of discovery.  
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Table 21: Contracts´ creation requirements (discovery step) 

Identifier 
FR15 

REQ-SOL0375-TSIRS-UU00.0015 

Title Discovery Process Initiation 

Requirement 
TSP administrators should be able to initiate the discovery process by setting 
search parameters (e.g., geographic region, time frame, data sharing goals). 

Status Validated 

Rationale 

Enables TSPs to find suitable partners for data sharing goals, facilitating 
collaboration and contract creation. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> Identification of multimodality goal 

841cf6db-7319-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement  Specify  Business Function 
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FR15 Specify Present pathways of discovery & parameters 

FR15 Specify Select pathway & provide parameters 

 

Identifier 
FR16 

REQ-SOL0375-TSIRS-UU00.0016 

Title Execution of Discovery Algorithms 

Requirement 
Discovery process should be able to identify suitable TSP candidates based on 
the provided parameters taking into account the TSPs catalogue, multimodality 
goal, location and operation window. . 

Status Validated 

Rationale 

Automates the matching process, improving efficiency in identifying potential 
partnerships. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> Identification of potential collaborator 

87812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR16 << Specify >> Query discovery graph 
 

Identifier 
FR17 

REQ-SOL0375-TSIRS-UU00.0017 

Title Display of Potential TSP Candidates 

Requirement 
Discovery subsystem of the contract manager should display a list of potential 
TSP candidates that match the discovery criteria. 

Status Validated 

Rationale 

Provides the user with actionable results, making it easier to initiate 
partnerships. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> Identification of potential collaborator 

87812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR17 << Specify >> Query discovery graph 
 

Identifier 
FR18 

REQ-SOL0375-TSIRS-UU00.0018 

Title Partnership/Contracting Process Initiation 

Requirement 
The discovery subsystem of the contract manager should allow a TSP 
administrator to select a candidate and to initiate the partnership/contracting 
process. 

Status Validated 

Rationale 
Streamlines the transition from discovery to contracting, reducing delays in 
forming partnerships. 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Human task> Update potential data registries 

4d812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR18 << Specify >> Select collaboration 
 

Identifier 
FR19 

REQ-SOL0375-TSIRS-UU00.0019 

Title Sending Partnership Invitations 

Requirement 
The negotiation subsystem of contract manager shall send partnership 
invitations to the selected TSPs. 

Status Validated 

Rationale 

Formalizes the initiation of a partnership, ensuring that both parties are aware 
and can proceed with negotiations. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <Human task> Update potential data registries 

4d812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR19 << Specify >> Create invitation for collaboration 
 

Identifier 
FR20 

REQ-SOL0375-TSIRS-UU00.0020 

Title Contract Template Application 

Requirement 

Discovery subsystem of contract manager should generate a predefined contract 
template 

based on the TSP type combination and mobility goal. 

Status Validated 

Rationale 

Ensures that the contract is standardized and tailored to the specific needs of the 
TSP types and goals. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Contracts templates management 

9c812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR20 << Specify >> Initiate contract template mechanism 
 

 

Identifier 
FR21 

REQ-SOL0375-TSIRS-UU00.0020 

Title Contract Template legality  

Requirement 
Discovery subsystem of contract manager should allow a legal representative to 
suggest modifications to update the legality of the template based on the law 
updates.  

Status In process 

Rationale Ensures that the contract templates are updated based on the latest legislation  

Category Functional 

Related Use Case(s) UC1.2: Partner TSP Discovery 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Contracts templates management 

9c812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR20 << Specify >> Initiate contract template mechanism 
 

 

The requirements elicited and presented in Table 22 are linked with Figure 10: NSV-4 Contracts 
‘generation that aim to allow TSPs to use the contract manager and generate DSAs and SCs by 
performing the step of negotiation.  

 

Table 22: Contracts´ creation requirements (negotiation step) 

Identifier 
FR22 

REQ-SOL0375-TSIRS-UU00.0022 

Title Smart Contract Template Framework & Legal and code Matching 

Requirement 
The negotiation sub-system of the contract manager shall verify that the terms 
in the legal part have a matching execution rule in the software part before 
activating the Smart Contract. 

Status Validated 

Rationale 

A Smart Contract (SC) Template Framework that consists of two components: 

Legal Part → Defines contractual responsibilities, including rebooking policies, 
compensation terms, and passenger rights. 

Software Part (Execution Logic) → Ensures that the legal terms are linked to 
executable logic, allowing the automated enforcement of contract obligations 

Ensures consistency between legal agreements and automated execution, 
preventing contract disputes caused by misalignment between stated 
obligations and system enforcement (execution logic). 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.3: Contract Negotiation 

[REQ Trace] 
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Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> 

 

DSA & SC negotiation management 

e3812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement << Specify >> Business Function 

FR21 << Specify >> Initiate contract template mechanism 
 

Identifier 
FR23 

REQ-SOL0375-TSIRS-UU00.0023 

Title Legal part Definition for Smart Contracts 

Requirement 
The negotiation sub-system shall allow TSPs to define terms of the legal part in 
SCs, including rebooking policies, compensation structures, and passenger 
rights. 

Status In progress 

Rationale 
Ensures compliance with contractual obligations and protects passenger rights. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional  

Related Use Case(s) UC1.3: Contract Negotiation 

[REQ Trace] 

Relationship Linked Element Type Identifier 
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< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Human Task> Update potential data registries 

4d812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 

Requirement << Specify >> Business Function 

FR23 << Specify >> Initiate contract template mechanism 
 

Identifier 
FR27 

REQ-SOL0375-TSIRS-UU00.0027 

Title Contract Negotiation Interface 

Requirement 
An advanced collaborative user interface for negotiating contract clauses, data 
fields, and smart contract triggers should be provided. 

Status Validated 

Rationale 

Facilitates effective negotiation and allows both parties to reach a consensus 
on contract details. 

This requirement has been validated in EXE #4 and in EXE #7 

Category HMI 

Related Use Case(s) UC1.3: Contract Negotiation 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |142 
© –2023– SESAR 3 JU 

  
 

 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> 

 

DSA & SC negotiation management 

e3812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR27 << Specify >> Identify number of template instances 
based on the goal 

FR27  << Specify >> Present contract template instance & 
process of completion 

 

Identifier 
FR28 

REQ-SOL0375-TSIRS-UU00.0027 

Title Proposal Management 

Requirement 
The TSP should be allowed to make proposals accepted or rejected them during 
Contract negotiations. 

Status Validated 

Rationale 
Ensures that all proposed changes are properly reviewed and managed until a 
final agreement is reached. 

Category Functional 

Related Use Case(s) UC1.3: Contract Negotiation 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 
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< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> 

 

DSA & SC negotiation management 

e3812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR28 << Specify >> Negotiate  

i. text version of clause & code ii. 
responsibility & revenue sharing 

FR28 << Specify >> Create new offer:  

1. Confirm required data & select extra, 

2. Confirm obligatory clauses & select 

additional clauses,  

3. Confirm obligatory trigger+actions & 
select additional triggers+actions 

 

 

Identifier 
FR29 

REQ-SOL0375-TSIRS-UU00.0029 

Title Dynamic Contract Parameterization 

Requirement 
The system shall allow dynamic configuration of contract parameters such as 
compensation policies, rerouting conditions, and service-level obligations 
based on ticket type and disruption scenario. 

Status Validated 

Rationale 

Ensures flexibility in defining contractual obligations and enables automated 
responses based on predefined terms. 

This requirement has been validated in EXE #4 and in EXE #7 
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Category Functional  

Related Use Case(s) UC1.3 Contract Negotiation 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

83bf2382-4187-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> 

 

DSA & SC negotiation management 

e3812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR29 << Specify >> Negotiate  

i. text version of clause & code ii. responsibility & revenue 
sharing 

FR29 << Specify >> Create new offer:  

1. Confirm required data & select extra, 

2. Confirm obligatory clauses & select additional clauses,  

3. Confirm obligatory trigger+actions & select additional 
triggers+actions 

 

Identifier 
FR30 

REQ-SOL0375-TSIRS-UU00.0030 

Title Ticket Type and Passenger Rights Mapping 

Requirement 
The system shall integrate a mechanism to link ticket types (seasonal, 
combined, single) with corresponding passenger rights and obligations under 
Smart Contracts. 

Status Validated  
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Rationale 

Ensures that passenger rights are automatically enforced according to the 
contractual terms and applicable regulations. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.3 Contract Negotiation 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> 

 

DSA & SC negotiation management 

e3812fb1-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR30 << Specify >> Negotiate  

i.  text version of clause & code ii. responsibility & revenue 
sharing 

FR30 << Specify >> Create new offer:  

1. Confirm required data & select extra, 

2. Confirm obligatory clauses & select additional clauses,  

3. Confirm obligatory trigger+actions & select additional 
triggers+actions 

Requirement << Specify >> Function 

FR30 << Specify >> Execute trigger and actions 
 

 

The requirements elicited and presented Table 23 are linked with Figure 11: NSV-4 Synchronization of 
timetables between airline and highspeed railway operator that aim to allow TSPs to use the contract 
manager and generate DSAs and SCs by performing the step of negotiation and identify intermodal 
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itineraries that can be automatically inserted at the single ticketing Smart Contracts. This table is 
placed here as it is a sub use but critical of the negotiation. 

Table 23: Contracts´ creation requirements (negotiation step facilitation of synchronization of timetables)  

Identifier 
FR44 

REQ-SOL0375-TSIRS-UU00.0044 

Title Timetables ingestion and standardization  

Requirement 
The system shall request the Timetables of TSPs in a commonly used 
standardized format in order to run the algorithms.  

Status Validated 

Rationale 

To be able to process data and execute algorithms.  

Our suggestion is that the data are uploaded in GTFS format for the 
railway transport and at IATA SSIM format for the air transport 
stakeholders.  

This requirement has been validated in EXE #1 and in EXE #7 

Category Data 

Related Use Case(s) UC4: Synchronization of Timetables 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01853 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Flight Scheduling 

cbf4d9b1-a754-ef11-991a-000d3a38a5d9 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 
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FR44 << Specify >> Query synchronization module 

FR44 << Specify >> Selection of Connectivity index model 

FR44 << Specify >> Request of schedules & timetables data 

FR44 << Specify >> Standards validator 
 

Identifier 
FR45 

REQ-SOL0375-TSIRS-UU00.0045 

Title Timetable synchronization process initialization 

Requirement 

Mechanisms and models of the synchronization module should be 
provided to the TSPs to allow them to identify combined itineraries 
and align transport modes timetables by enabling TSPs to upload 
their timetables in commonly used formats and standards. 
Automatic processing and validation of uploaded timetables to 
ensure accuracy and seamless synchronization should be supported. 

Status Validated 

Rationale 

To facilitate the exchange and digestion of timetable information 
during the contract negotiation phase and monitoring phase. 

This requirement has been validated in EXE #1 and in EXE #7 

Category Functional 

Related Use Case(s) UC4: Synchronization of Timetables 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01853 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Selection of Connectivity index model 

ebf4d9b1-a754-ef11-991a-000d3a38a5d9 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 
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<ALLOCATED_TO> <System> SYNC & REACT module 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR45 << Specify >> Select & run connectivity index algorithm 
 

Identifier 
FR46 

REQ-SOL0375-TSIRS-UU00.0046 

Title Timetable auto-synchronization 

Requirement 

A set of different algorithms that generate combined itineraries 
proposals and propose the ones that are more promising for the 
travellers based on a specific set of rules (e.g., acceptable transfer 
time, min transfer time, connectivity, capacity, demand etc). TSPs 
should be allowed to refine the proposed synchronization solutions 
by modifying specific parameters.  

Status Validated 

Rationale 
To facilitate the process of identification of combined itineraries. 

This requirement has been validated in EXE #1 and in EXE #7 

Category Functional 

Related Use Case(s) UC4: Synchronization of Timetables 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01853 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <Human task> / <System 
function> 

Selection of Connectivity index model 

ebf4d9b1-a754-ef11-991a-000d3a38a5d9 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 
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<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR46 << Specify >> Present results & filters 
 

Identifier 
FR47 

REQ-SOL0375-TSIRS-UU00.0047 

Title Timetable synchronization revision 

Requirement 
The SYNC-REACT module should allow the TSPs to review and 
modify the proposed timetables iteratively until both parties reach 
an agreement on the final synchronization plan. 

Status Validated  

Rationale 

Effective synchronization requires flexibility for adjustments based 
on operational constraints and business agreements. Allowing TSPs 
to iteratively refine the proposed timetables ensures alignment with 
real-world conditions while maintaining efficiency and coordination. 

This requirement has been validated in EXE #1 and in EXE #7 

Category Functional 

Related Use Case(s) UC4: Synchronization of Timetables 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01879 

<ALLOCATED_TO> <Role> Flight Schedule Planner 

81c92bdb-4387-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Human task>  Flights connections planning for Single Ticketing 

eeb9eb57-5c87-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 
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<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR47 << Specify >> Set filters parameters & Process saved lists of suggested 
itineraries 

 

 

The requirements elicited and presented in Table 24 are linked with Figure 10: NSV-4 Contracts 
‘generation that aim to allow TSPs to use the contract manager and generate DSAs and SCs by 
performing the step of settlement. This step finalizes the contract generation process, transitioning 
agreements into legally binding instruments by capturing and storing digital signatures, final contract 
versions, and their associated metadata, including timestamps and IP addresses to validate 
authenticity. It encompasses the automated testing of SC logic to ensure predefined terms are 
executable, while also managing contract life-cycle events such as formal cancellation handling and 
the secure archival of transaction logs for auditability and compliance. 

Table 24: Contracts´ creation requirements (settlement step)  

Identifier 
FR31 

REQ-SOL0375-TSIRS-UU00.0031 

Title Final Contract Agreement 

Requirement 
The post settlement sub system(s) should allow end users to review and sign 
the final version of the contract. 

Status Validated 

Rationale 

Finalizes the contract, making it legally binding and enabling the execution of 
agreed terms. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.4: Contract Settlement 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 
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<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> 

 

Contacts management/settlement 

280628b7-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR31 << Specify >> Prepare draft for signature (without computer code & APIs) 
 

Identifier 
FR32 

REQ-SOL0375-TSIRS-UU00.0032 

Title Signature Storage, Integrity, and Authenticity Validation 

Requirement 

The system shall store and validate digital signatures, finalized contract 
versions, and their associated authentication metadata cross two architectural 
components the one that generates the digital signature and the Blockchain 
Ledger Module (BLM).  

All digital signatures captured via DocuSign shall be produced and verified 
using PAdES-LTV (ETSI EN 319 142) signatures based on either RSA-PSS with a 
minimum key length of 3072 bits or ECDSA over curve P-256 (NIST FIPS 186-5), 
bound to X.509 v3 certificates issued by a DocuSign-compliant Trust Service 
Provider listed on the EU Trusted List or an equivalent eIDAS-qualified CA. 

Hashing and content integrity (Integrity). The finalized contract artifact (PDF/A-
3) and its signature manifest shall be hashed using SHA-256 (FIPS 180-4). The 
resulting digest, together with signer identity claims, shall be the only payload 
anchored to the BLM; the contract body itself shall not be written on-chain. 

Trusted timestamping (Authenticity, Integrity). Each signature event shall be 
timestamped by an RFC 3161-compliant TSA, with the TST embedded in the 
PAdES-LTV envelope. The timestamp token, signer IP address (IPv4 or IPv6, 
captured at the DIS ingress), and user-agent string shall be persisted in the DIS 
audit store and included in the on-chain commitment hash. 

Storage protection (Confidentiality, Integrity). Off-chain storage of contracts, 
signature envelopes, IP addresses, and audit logs in the DIS shall be encrypted 
at rest using AES-256-GCM with keys managed in a FIPS 140-3 Level 3 HSM, 
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and in transit using TLS 1.3 (RFC 8446) with mutual authentication between DIS 
and BLM. 

Status Validated 

Rationale 

Specifies the cryptographic primitives, standards, and trust anchors required 
to make stored signatures legally admissible under eIDAS / ESIGN / UETA, 
separates on-chain integrity commitments from off-chain confidentiality 
controls, and makes each protection property (confidentiality, integrity, 
authenticity, non-repudiation) independently verifiable. 

Ensures that digital contracts are legally admissible under eIDAS regulations. 
By separating the on-chain integrity commitment (the hash) from the off-chain 
storage (the document), the platform balances transparency with commercial 
confidentiality. It directly protects the "Signed Contracts" primary asset 
identified in the SecAP. 

 

This requirement has been validated in EXE #4 and in EXE #7 

Category Security 

Related Use Case(s) UC1.4: Contract Settlement 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> 

 

Contacts management/settlement 

280628b7-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 
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FR32 << Specify >> Prepare draft for signature (without computer code & APIs) 

FR32 << Specify >> Sign contract, text version 

FR32 << Specify >> Manage signed contracts 

FR32 << Specify >> Register in blockchain 
 

Identifier 
FR33 

REQ-SOL0375-TSIRS-UU00.0033 

Title Smart Contract Testing 

Requirement 
The Smart Contract’s execution flow (code), including triggers and actions, and 
store the results should be tested. 

Status Validated 

Rationale 

Validates that the Smart Contract functions correctly as per the agreed terms, 
ensuring its operational integrity. 

This requirement has been validated in EXE #8 

Category Performance 

Related Use Case(s) UC1.4: Contract Settlement 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> 

 

Contacts management/settlement 

280628b7-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Business Function 

FR33 << Specify >> Prepare requirements for testing (e.g., APIs specifications, 
data samples) 

FR33 << Specify >> Implement SC code 

Test SC 

FR33 << Specify >> Identify reasons of test failure 
 

Identifier 
FR34 

REQ-SOL0375-TSIRS-UU00.0034 

Title Contract Cancellation Handling 

Requirement 
Post settlement sub system should allow contract cancellations by enabling re-
negotiation or restarting the process for the TSPs. 

Status Validated 

Rationale 

Provides flexibility for parties to withdraw or adjust their agreements if 
needed. 

This requirement has been validated in EXE #4 and in EXE #7 

Category Functional 

Related Use Case(s) UC1.4: Contract Settlement 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01855 

<ALLOCATED_TO> <Role> Data Maintenance Officer 

Orbus ID: 5f3e5560-4801-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> 

 

Contacts management/settlement 

280628b7-c61a-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Service> Creation of data catalogue, Data Sharing Agreements and 
Smart Contracts 

9cfcc03a-d6ee-ef11-90c9-000d3a39072f 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 
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<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Business Function 

FR34 << Specify >> Implement SC code 

Test SC 
 

 

The requirements elicited and presented in Table 25 are linked with Figure 14: NSV-4 Mobility package 
booking and Figure 15: NSV-4 Mobility package purchase and issuing that aim to allow TSPs to use the 
contract manager and monitor DSAs and SCs of mobility packages.  

Table 25: Booking, Purchasing, and Issuing a Mobility Package-Advanced functional requirements 

Identifier 
FR38 

REQ-SOL0375-TSIRS-UU00.0038 

Title 
Booking, Purchasing, and Issuing a Mobility Package - Travel 
Itinerary Search 

Requirement 
TCs system should be able to request travel itineraries based on 
origin, destination, preferences, and available mobility packages. 

Status Validated 

Rationale 

Allows travellers to find and select appropriate travel options 
tailored to their needs provided by a TC. 

This requirement has been validated in EXE #9.1 

Category Functional 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> Passenger Booking Management 

Orbus ID: 38af89dc-4d01-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> Journey planning 
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e6661312-65f3-ee11-aaf0-000d3a27ddc2 

<ALLOCATED_TO> <Service> Journey planning, ticket booking & ticketing 

e78e8b5b-141b-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Travel Companion 

8ecfc966-9189-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR38 << Specify >> Mobility Package booking 
 

Identifier 
FR39 

REQ-SOL0375-TSIRS-UU00.0039 

Title 
Booking, Purchasing, and Issuing a Mobility Package - Mobility 
Package Display 

Requirement 
TC system should display available mobility packages including 
different modes of transport and pricing options. 

Status Validated 

Rationale 

Provides TCs and therefore travellers with clear and comprehensive 
options to make an informed decision. 

This requirement has been validated in EXE #9.1 

Category Functional 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> Passenger Booking Management 

Orbus ID: 38af89dc-4d01-ef11-aaf0-000d3a38a5d9 

<ALLOCATED_TO> <System function> Filter and validate against Contracts 

<ALLOCATED_TO> <Service> Journey planning, ticket booking & ticketing 
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e78e8b5b-141b-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR39 << Specify >> Check contracts database 

FR39 << Specify >> Identify contracts´ conditions 
 

Identifier 
FR40 

REQ-SOL0375-TSIRS-UU00.0039 

Title 
Booking, Purchasing, and Issuing a Mobility Package - Booking 
Confirmation 

Requirement 
TC  should confirm booking details and availability with the involved 
TSPs and complete the transactions (mobility package booked).  

Status Validated  

Rationale 

Ensures that bookings are processed correctly, and the traveller is 
notified of the successful transaction. 

This requirement has been validated in EXE #9.1 

Category Functional 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Authorization of booking 

51a638d7-0a24-ef11-86d2-000d3a38ac35 

<ALLOCATED_TO> <Service> Journey planning, ticket booking & ticketing 

e78e8b5b-141b-f111-a69a-6045bd883415 
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<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Passenger Booking Management 

1eb8793d-3e87-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR40 << Specify >> Identify contracts´ conditions 

FR40 << Specify >> Evaluation of condition generator 
 

Identifier 
FR41 

REQ-SOL0375-TSIRS-UU00.0041 

Title 
Booking, Purchasing, and Issuing a Mobility Package - Payment 
Processing 

Requirement 
TCs and external 3rd systems should process payment, handle 
payment failures, and allow retries or alternative methods. 

Status 

<deleted> 

This requirement has been deleted because validation exercise 9.1 
confirmed that the SESAR solution does not require inputs from this 
system as we assumed that the payment was successfully done and 
checked by the TC system.  

Rationale 

Facilitates secure and efficient payment transactions, ensuring 
successful booking and ticket issuance. 

This requirement had to be validated in EXE #9.1 

Category Functional 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 

 

Identifier 
FR42 

REQ-SOL0375-TSIRS-UU00.0042 
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Title Booking, Purchasing, and Issuing a Mobility Package - Ticket Issuing 

Requirement 
The TC should be able to generate and issue the digital ticket 
including necessary travel details, and update the traveller’s wallet 

Status Validated  

Rationale 

Provides the traveller with the final travel document required for 
their journey. 

This requirement has been validated in EXE #9.1 

Category Functional 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Passenger Booking Management 

1eb8793d-3e87-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Journey planning, ticket booking & ticketing 

e78e8b5b-141b-f111-a69a-6045bd883415 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Travel Companion 

8ecfc966-9189-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR42 << Specify >> Payment service 
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Table 26: Disruption management-Advanced functional requirements 

Identifier 
FR49 

REQ-SOL0375-TSIRS-UU00.0049 

Title Disruption notifications consumed and triggered SC execution 

Requirement 

The post settlement subsystem should be triggered by SYNC-REACT 
or a similar intermodal system that identifies and calculates risks of 
broken intermodal Minimum Connecting Time and start the 
execution of the conditions of a Smart Contract.  

Status Validated 

Rationale 

Efficient disruption management requires real-time communication 
between involved TSPs. Providing an automated notification system 
ensures that all affected parties are promptly informed, allowing 
them to take necessary actions to mitigate operational impacts and 
maintain service reliability. 

This requirement has been validated in EXE #8 

Category Functional  

Related Use Case(s) UC5: Disruption Management 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Intermodal Disruption prediction engine 

fffd6613-3587-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Function 

FR49 << Specify >> Activation DMM per event 

Requirement << Specify >> System  

FR49 << Specify >> DMM 
 

Identifier 
FR50 

REQ-SOL0375-TSIRS-UU00.0050 

Title Disruption Notification Processing 

Requirement 

DMM shall be able to receive, validate, and process disruption 
notifications from TSPs in real-time. It shall ingest and process real-
time alerts from Airline PSS, Rail TMS, and Airport APOC to assess 
disruption impact. 

Status In progress 

Rationale 

Identification of combined itineraries affected by the event 
communicated by the TSP.  

This requirement had to be validated in EXE #8 

Category 
Functional 

Related Use Case(s) UC5: Disruption Management 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Intermodal Disruption prediction engine 

fffd6613-3587-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Function 

FR50 << Specify >> Calculate event impact 
 

Identifier 
FR51 

REQ-SOL0375-TSIRS-UU00.0051 

Title Manual Disruption Handling Interface 

Requirement 
DMM shall provide an operator interface allowing authorized 
personnel to manually enter disruption events and trigger 
responses. 

Status Validated 

Rationale 

Allows manual intervention when automated triggers are 
insufficient. 

This requirement has been validated in EXE #8 

Category 
Functional 

Related Use Case(s) UC5: Disruption Management 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01877 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Intermodal Disruption prediction engine 

fffd6613-3587-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR51 << Specify >> Activation DMM per event 
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Requirement << Specify >> System  

FR51 << Specify >> DMM 
 

Identifier 
FR52 

REQ-SOL0375-TSIRS-UU00.0052 

Title Impact Calculation on Combined Itineraries 

Requirement 

DMM shall analyse disruption impact on multimodal itineraries by 
checking MCT thresholds, itinerary dependencies, and alternative 
itinerary availability. So, DMM shall assess MCT in real-time to 
account for both first leg and second-leg delays when determining 
disruption impact. 

Status Validated 

Rationale 

Determine the impact scheduled Change, delay, cancellation, 
diversion that the event happened on the 1st leg has on the second 
leg of the combined itinerary. 

This requirement had to be validated in EXE #8 

Category 
Functional 

Related Use Case(s) UC5: Disruption Management 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> AOC-ATM (or FOC)-01876 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> Intermodal Connectivity Analyzer 

5439d2b7-a754-ef11-991a-000d3a38a5d9 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Requirement << Specify >> Function 

FR52 << Specify >> Calculate event impact 
 

Identifier FR53 

Title Transparent disruption event tracking 

Requirement 
SYNC-REACT should be able to digest an alert (disruption event) to 
calculate the impact in combined itineraries and to communicate it 
to the post settlement subsystem of the contract manager.  

Status Validated 

Rationale 

Maintaining a verifiable and immutable record of disruption events 
enhances trust among TSPs and ensures accountability in 
contractual obligations.  

This requirement had to be validated in EXE #8 

Category Data 

Related Use Case(s) UC5: Disruption Management 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> HUM-01880 

<ALLOCATED_TO> <Role> Decision Support Officer 

38211527-4487-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <System function> Update data coming from intermodal connections (both 
strategic and tactical) 

4ea0a84f-4387-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Service> Calculation of actions based on the predefined rules 

4b53c27d-41e3-f011-8195-000d3a390d2d 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Requirement << Specify >> Function 

FR53 << Specify >> Calculate event impact 
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4.3.2 Non-functional requirements (NFR) 

Identifier NFR1 

Title System Availability 

Requirement 
Ensure a minimum uptime of 99% to support continuous operation and 
availability for TSP onboarding and contract management. 

Status Validated 

Rationale 

High availability is crucial for maintaining trust and ensuring that users can 
access the platform without interruptions. 

This requirement had to be validated in EXE #7 and EXE #8 

Category Performance 

[REQ Trace] 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 

 
 

Identifier NFR2 

Title Data Security Standards and Cryptographic Controls 

Requirement 
The system should protect the primary and supporting assets by implementing 
the following security controls 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |166 
© –2023– SESAR 3 JU 

  
 

 

The system shall protect the sensitive data of contracts and TSP profile data 
while they are stored in the platform's database by applying Encryption at Rest 
using the AES-256-GCM standard or a functionally equivalent authenticated 
encryption algorithm. 

The system shall protect the data while it is moving between architectural 
components (e.g., between onboarding, negotiation and settlement 
subsystems and the SYNC-REACT module) by applying Encryption in Transit 
(using the TLS 1.3 protocol for example); this ensures that when two TSPs are 
negotiating a contract, no third party can "listen in" on the negotiation details.  

Key Management: Master keys shall be managed in a FIPS 140-3 Level 3 
compliant environment to ensure the integrity and immutability of Smart 
Contracts and Blockchain commitments. 

Status Validated 

Rationale 

The platform handles commercially sensitive Data Sharing Agreements (DSAs) 
between competing entities (e.g., Airlines and Rail operators), these controls 
prevent industrial espionage during negotiations and protect the Entity 
Profiles and Attribute Catalogues identified as primary assets. Ensures the 
confidentiality and integrity of data, protecting it from unauthorized access 
and breaches. 

This requirement had to be validated in EXE #7 and EXE #8 

Category Security 

[REQ Trace] 
Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR3 

Title Performance Scalability 
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Requirement 
Contract manager system shall handle a growing number of TSPs, contracts, 
and data fields without performance degradation should be ensured 

Status Validated 

Rationale 

Ensures that the platform can accommodate increasing loads as more TSPs and 
transactions are processed on the same time. 

This requirement had to be validated in EXE #7 and EXE #8 

Category Performance 

[REQ Trace] 
Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR4 

Title User Experience 

Requirement 
A user-friendly interface should be intuitive and easy to navigate for all users 
involved in the onboarding and contracting processes.  

Status Validated 

Rationale 

Enhances user satisfaction and efficiency by reducing the learning curve and 
improving the overall interaction with the system. 

This requirement had to be validated in EXE #7 and EXE #8 

Category HMI 

[REQ Trace] 
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Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR5 

Title Compliance with Regulations 

Requirement 
Contract manager´s template mechanisms should comply with relevant data 
protection regulations and industry standards (e.g., GDPR) per multimodality 
goal.  

Status In progress  

Rationale 

Ensures legal compliance and builds trust with users by adhering to established 
data protection and privacy standards. 

This requirement had to be validated in EXE #7 and EXE #8 

Category Performance 

[REQ Trace] 
Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
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Identifier NFR6 

Title Backup and Recovery 

Requirement 
The system shall perform regular backups and provide recovery mechanisms 
to restore data in case of system failures. 

Status In progress 

Rationale 

Protects against data loss and ensures business continuity in the event of 
unexpected disruptions. 

This requirement had to be validated in EXE #7 and EXE #8 

Category Security 

 

 

Identifier NFR7 

Title 
Booking, Purchasing, and Issuing a Mobility Package - System 
Availability 

Requirement 

The contract manager system shall maintain a minimum 
operational Uptime of 99.9% during core business hours (06:00 to 
22:00 CET), excluding scheduled maintenance windows. Maximum 
Permissible Downtime: The system shall not exceed 43.8 minutes 
of unplanned downtime per month. 

Status In progress 

Rationale 
High availability is crucial to maintain continuous service for 
travellers. 

Category Performance 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

[REQ Trace] 
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Identifier NFR8 

Title 
Booking, Purchasing, and Issuing a Mobility Package - Response 
Time 

Requirement 
The system shall respond to user queries and actions within X 
seconds to ensure a smooth user experience. X seconds is the 
parameter that needs to be defined locally per contract 

Status In progress  

Rationale 
Quick response times improve user satisfaction and efficiency in 
processing bookings. 

Category Performance 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

 

Identifier NFR9 

Title Booking, Purchasing, and Issuing a Mobility Package - Data Security 

Requirement 
The external system shall use encryption to protect sensitive data, 
including payment information and personal details. 

Status In progress  

Rationale 
Ensures the confidentiality and integrity of sensitive traveller and 
transaction data. 

Category Security 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

 

Identifier NFR10 
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Title Booking, Purchasing, and Issuing a Mobility Package - Usability 

Requirement 
The system shall have an intuitive user interface that is easy to 
navigate for all users, including those with disabilities. 

Status In progress  

Rationale 
Enhances user experience and accessibility for a diverse range of 
travellers. 

Category HMI  

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

 

Identifier NFR11 

Title Booking, Purchasing, and Issuing a Mobility Package - Data Integrity 

Requirement 
The system shall ensure the accuracy and consistency of data 
across all modules (SYNC-REACT module, post settlement 
subsystem, TC) and transactions. 

Status In progress  

Rationale 
Prevents errors and discrepancies in booking, payment, and ticket 
issuance processes. 

Category Performance 

Related Use Case(s) UC3: Booking, Purchasing, and Issuing a Mobility Package 

 

Identifier NFR12 

Title Synchronization of Timetables - Data Update Frequency 
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Requirement 
The system shall regularly update timetable data to reflect the 
latest information. The suggested regularity is every 6months that 
the timetables are updated by the TSPs.   

Status Validated 

Rationale 

Ensures that timetable information is current and accurate, 
facilitating effective synchronization. 

This requirement had to be validated in EXE #7  

Category Performance 

Related Use Case(s) UC4: Synchronization of Timetables 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR13 

Title Synchronization of Timetables - System Scalability 

Requirement 
The system shall be scalable to handle increased load of TSPs and 
high numbers of timetable synchronization requests. 

Status Validated 

Rationale 

The system can digest and process timetables from different TSPs. 
The number of routes per TSP might differ a lot. Each pair of TSPs 
can perform only 1 synchronization job per time, this 
synchronization job we assume that a good value of a TSP data set 
can have 1000 routes.  
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Additionally, we assume to stress the systems that a good number 
of executed at the same time synchronization jobs will be by 10 ( 
5pairs) try the system on the same time the system shall support 
at least 10.000routes.  

Supports future growth and increased demand without 
degradation of performance. 

This requirement had to be validated in EXE #7  

Category Performance 

Related Use Case(s) UC4: Synchronization of Timetables 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR14 

Title Disruption Management - Real-Time Processing 

Requirement 
The system shall process and manage disruptions in real-time to 
minimize impact on the transport network. 

Status In progress  

Rationale 

Enables timely responses and adjustments to disruptions, 
improving overall system resilience. We assume that a good value 
should be less than 1 min.  

Category Performance 

Related Use Case(s) UC5: Disruption Management 
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Identifier NFR15 

Title Disruption Management - Data Redundancy 

Requirement 
The system shall employ data redundancy measures to ensure 
continuity of service and prevent data loss. 

Status In progress  

Rationale 
Protects against data loss and system failures, ensuring reliability 
in disruption management. 

Category Security 

Related Use Case(s) UC5: Disruption Management 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR16 

Title Disruption Management - Communication Latency 

Requirement 

The system of SYNC-REACT shall ensure that 95% of alerts digested 
and processed are delivered to the target architectural 
components (e.g., TC or TSP Dashboard) within a maximum end-
to-end latency of 2 seconds from the moment the disruption is 
ingested by the core. 

Status In progress  
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Rationale 
Ensures that disruption details and notifications are delivered 
promptly to minimize the impact on passengers. 

Category Performance 

Related Use Case(s) UC5: Disruption Management 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> SYNC & REACT module 

dddfd73b-6089-f011-b485-000d3a38adca 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR17 

Title Creation of a Contract - Process Auditability 

Requirement 
The system shall provide audit trails for all contract creation steps, 
including onboarding, discovery, negotiation, and settlement. 

Status In progress 

Rationale 

Ensures transparency and traceability in the contract creation 
process for compliance and auditing purposes. In a multimodal 
environment where competing TSPs (Air/Rail) negotiate 
commercial terms, the platform must act as a "neutral referee." 
This audit trail ensures that all actions are traceable for legal 
compliance and dispute resolution, protecting the Supporting 
Assets (Audit Logs) identified in the SecAP. 

Category Functional 

Related Use Case(s) UC1 Creation of a Contract 

Relationship Linked Element Type Identifier 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |176 
© –2023– SESAR 3 JU 

  
 

 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR19 

Title Creation of a Contract - System Integration 

Requirement 

The contract manager system shall integrate seamlessly with other 
components and external systems involved in contract creation 
and monitoring such as digital signature creator and authenticator 
(e.g. Docusign), intermodal itineraries identifications systems (e.g., 
SYNC-REACT), disruption identification systems and TCs. 

Status Validated 

Rationale 

Ensures smooth operation and data flow between different 
systems and components. 

This requirement had to be validated in EXE #7, EXE #8, EXE #9.1 

Category Interoperability 

Related Use Case(s) UC1 Creation of a Contract 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 
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<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 

Identifier NFR20 

Title Continuous update of catalogue of catalogues 

Requirement 

The onboarding subsystem should be able to continuous update of 
the catalogue of catalogues every time that a modification on a 
catalogue is made, ensuring that any modifications made by a TSP 
to its data catalogue are reflected in the overarching registry.  

Status Validated 

Rationale 

The catalogue of catalogues updates should be constant as they 
need to reflect the current datasets that a register entity can 
provide for making a new collaboration. The data attributes might 
remain the same within one entity, but the format provided might 
be altered due time so the catalogue of catalogues should be 
updated not only with the introduction of new companies but also 
reassure that are not changes in the old users´ catalogues.  

This requirement has been validated in EXE #4 and in EXE #7 

Category Data  

Related Use Case(s) UC1.1: TSP Onboarding 

 

Identifier NFR21 

Title Execution of SCs of single ticketing and disruption management 

Requirement 

Alerts of identification function (i.e., SYNC-REACT module) should 
be communicated to the contract manager to notify TSPs sign a SC 
for disruption management or single ticketing that the SC 
conditions are being executed so the articles and parameters 
agreed in the SC should be kept.  

Status In progress 
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Rationale 

An alert of disruption digested and processed by a sub 
system/module that identifies and calculates potential risks for a 
broken MCT. This should be communicated to the contract 
manager platform that identifies the relevant SC that should be 
executed and communicates this to the TSPs that have signed 
them.  

Category Performance 

Related Use Case(s) UC2: Monitoring a Contract 

Relationship Linked Element Type Identifier 

< ALLOCATED_TO > <SESAR Solution> 0375 

< ALLOCATED_TO > <Enabler> N/A 

<ALLOCATED_TO> <Role> N/A 

<ALLOCATED_TO> <System function> N/A 

<ALLOCATED_TO> <Service> N/A 

<ALLOCATED_TO> <Resource Interaction> N/A 

<ALLOCATED_TO> <System> Contract manager 

68f36e3e-d088-f011-b485-000d3a38ad46 

<ALLOCATED_TO> <Function View> (NSV-4) N/A 
 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |179 
© –2023– SESAR 3 JU 

  
 

 

5 Recommendation for implementation  

This section outlines the strategic recommendations for the deployment and scaling of the SIGN-AIR 
solution, focusing on technical feasibility, architectural resilience, and physical-digital infrastructure 
synergy. 

Architectural and Functional recommendations:  

1. Federated Deployment & Data Space Integration: The SIGN-AIR Solution could be 
implemented as a Contractual Governance Layer within a federated hub-and-spoke 
architecture. In this model, SIGN-AIR serves as the central orchestrator providing regulation-
compliant templates (DSAs and SCs) to define the "rules of engagement," while federated data 
spaces (e.g., Eona-X) provide the secure, sovereign "data pipes" for actual transmission. This 
ensures TSPs maintain control over their data while adhering to a common legal and technical 
framework. 

2. Semantic Harmonization Strategy: To ensure rapid adoption and cross-border interoperability, 
the Intermodal Action Manager must prioritize the semantic harmonization of existing 
standards (GTFS, NeTEx, IATA SSIM) rather than introducing new proprietary formats. 
Implementation should focus on building robust transformation adapters that map these 
diverse datasets into a unified internal model for the synchronization graph. 

3. Modular "Pluggable" Smart Contract Logic: Smart Contracts (SCs) within SIGN-AIR must be 
treated as Modular Execution Logic rather than monolithic blocks. Since multimodal conditions 
and "if-then" triggers vary significantly between use cases (e.g., delay compensation vs. 
baggage transfer), the platform should allow for "pluggable" scripts. This modularity enables 
TSPs to connect various specialized tools (e.g., AI predictors, ticketing engines) directly to the 
SC's governance framework. 

4. Graph-Based Intelligence for Alternative Routing: For effective Disruption Management, the 
solution should utilize a Directed Multigraph structure. This approach allows for the real-time 
identification of alternative intermodal routes during disruptions. By representing the 
multimodal network as a graph, the system can instantly calculate the most efficient re-routing 
options across different modes based on real-time capacity and connectivity indices. 

5. Validation of Human Enablers: SIGN-AIR solution was categorized as a technological solution 
and not an ATM solution however to be is operationally viable, validation exercises towards 
the human enabler should be drafted and executed. All roles identified in the enabler list (e.g., 
Data Maintenance Officer, Operations Control Officer, Flight Schedule Planner, Route Network 
Manager and Decision Support Officer) align with their decision-making speed, training and 
information needs as their skill set should be alignment.  

More specific architectural and functional recommendations liked with the requirements that are in 
progress of validation:  

1. Finalization of Legal Templating (FR21): The discovery subsystem should allow legal 
representatives to update templates based on law changes is critical for long-term compliance. 
Our recommendation is to implement a version-control mechanism within the contract 
manager that alerts legal administrators when relevant EU transport regulations are updated. 
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Additionally, the initial templates generated during SIGN-AIR project concerning Single 
Ticketing multimodal goal are pending the revision of DG MOVE B5 office representatives.  

2. Performance Benchmarking for Mobility Packages (NFR7 & NFR8): To be able to test booking 
and issuing mobility packages passengers and extended pilots should be carried out and that 
was impossible during the timeframe of the project. We propose to conduct dedicated stress 
tests during the next exercise (EXE) to define the specific response time "X" that ensures a 
smooth user experience.  

3. Refinement of Real-Time Disruption Processing (NFR14): The system aims for real-time 
disruption management with a processing time of less than 1 minute. During SIGN-AIR project 
we have performed some simulations, but the purpose was to test the execution of the SC and 
not the latency of real time disruption, we propose the extension of SYNC-REACT module that 
can be linked with the activities of Travel Wise solution.  

4. Infrastructure Resilience and Data Continuity (NFR6 & NFR15): Backup and recovery 
mechanisms (NFR6) and data redundancy (NFR15) must be validated in future exercises. 
Establish an automated disaster recovery protocol that mirrors the Blockchain Ledger Module 
(BLM) and local databases across geographically diverse cloud regions. Validation should 
include a failure of the system to test to confirm zero data loss during simulated system 
failures. 

5. Dynamic Parameterization Testing (FR29): While FR29 (Dynamic Contract Parameterization) is 
marked as validated, its efficacy depends on the accuracy of the disruption scenarios. Our 
recommendation is to continuously update the library of disruption scenarios (e.g., specific rail 
delays impacting flight windows) to ensure that the dynamic configuration of compensation 
and rerouting remains accurate across all multimodal pairs. 
 

Expand research activities-Operational Synergy recommendations: 

The successful implementation of SIGN-AIR solution extends beyond digital exchange; it requires 
feasibility studies concerning the potential impact of synchronization of timetables at the access to the 
hub. For example:  

• Hub Proximity and Feasibility Simulation: High-proximity hubs (e.g., rail stations integrated 
directly into airport terminals) are the primary candidates for immediate Single Ticketing 
implementation due to minimal transfer friction. However, the SYNC-REACT module should 
also be used as a strategic planning tool to simulate connectivity increases. This allows 
stakeholders to conduct feasibility studies on improving airport access or identifying 
alternative hubs during total closures (e.g., strikes or infrastructure failure). 

• Agile Integration of Emerging Modes (eVTOLs and Seaplanes): Due to the flexible nature and 
smaller infrastructure footprint of emerging modes like eVTOLs and Seaplanes, the SIGN-AIR 
solution is uniquely positioned for easier implementation in these sectors. Their proximity to 
urban centres and existing maritime/aviation hubs allows the platform to act as a "digital-first" 
coordinator, establishing data-sharing norms before these industries reach full maturity. 

• To provide a solid operational recommendation for the SIGN-AIR solution within an ATM 
context, there is a need to investigate how Nested Decision-Making (NDM) bridges the gap 
between legal contracts and real-time operations. NDM refers to a hierarchical structure 
where decisions made at a high, "macro" level create the constraints and possibilities for 
decisions made at the "micro" level. Instead of treating every problem as a separate event, the 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |181 
© –2023– SESAR 3 JU 

  
 

 

system treats them as a series of connected layers. If you don't get the information in the top 
layer is not accurate, the bottom layer fails. Simulations could be performed define the 
Hierarchical Contractual Synchronization. For example, the SIGN-AIR platform should not treat 
the Single Ticket Agreement (Emirates-Trenitalia) and the Disruption Management Agreement 
(Trenitalia-BLQ) as isolated events. Instead, it must simulate them as a nested hierarchy where 
the Macro Nest (Airport Capacity) dictates the feasibility of the Micro Nest (Passenger 
Execution). For example, if a Trenitalia train to BLQ is delayed, the system must analyse if the 
Macro decision (e.g., staffing levels at security and immigration) supports the "Duty of Care" 
clauses in the Emirates contract. If the Macro capacity is insufficient, the system flags that the 
Micro-level decision to "Hold the Gate" for a passenger like Maria is operationally impossible, 
regardless of the contract's intent. The system could use the scheduled arrival of a X train at 
the BLQ airport as the common denominator across all nesting levels. This ensures that the 
Macro, Meso, and Micro layers are synchronized on the same timeline. In the BLQ-Trenitalia-
Emirates triangle, an update (a 15-minute train delay) must trigger a Meso-layer resource 
adjustment (moving mobile assistance teams to the platform) to ensure the Micro-layer sprint-
transfer remains viable. The recommendation is to validate that SYNC-REACT identifies these 
dependencies; if information at the top (Macro) layer is inaccurate or delayed, the bottom 
layers must automatically trigger "Risk Mitigation" protocols to prevent a total breakdown of 
the intermodal journey. The aforementioned example can be a starting point to see the 
potential impact of intermodality in total airport management.  

• Predictive Disruption Mitigation Strategies: While the current focus is on handling disruptions 
(#UC5), the platform could incorporate AI-driven predictive models that use historical data to 
suggest "pre-emptive" Data Sharing Agreements (DSAs). For example, if a certain route has a 
high probability of weather-related delays, the system could recommend setting up standby 
agreements with alternative rail providers in advance. In other words, use AI models to identify 
combined itineraries that might have high risk of delay and draft more effectively the clauses 
of the relative Smart Contracts and combined this exploratory research with the connectivity 
of the hub and its size to better define mitigation measures.  
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6 Assumptions 

This chapter provides the main assumptions on which the SIGN-AIR has been defined. 

● The contracts between the end users of SIGN-AIR platform are bilateral 
● The end users of SIGN-AIR platform have digitised their data  

● The end users of SIGN-AIR platform are willing to share their data in a format based on the 
current existing standards  

● The data uploaded to synchronization and disruption module to feed the algorithms are 
updated and accurate. 
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7 References 

7.1 Applicable documents 

This TS/IRS complies with the requirements set out in the following documents: 

[1] Content Integration - Executive Overview edition: 00.01 

[2] DES Performance Framework edition: 00.01.04  

[3] [101114845] [SIGN-AIR] Grant Agreement, [01/06/2023] 

[4] SESAR 3 JU Project Handbook – Programme Execution Framework, [01/04/2022], [01.00] 
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Annex 1: NOV-5 views 

The following diagrams present a description of the tasks and activities, operational elements, and 
information exchanges required to accomplish different steps in the SIGN-AIR platform. A NATO 
Operational View (NOV) contains graphical and textual products that comprise an identification of the 
nodes, their assigned tasks and activities, and dependencies between nodes. It defines the types of 
information exchanged, which tasks and activities are supported by the information exchanges, and 
the operational details of information exchanges. These views assisted us to draft the use cases.  

Onboarding 

 

Figure 18 illustrates the onboarding process for a new TSP on the SIGN-AIR platform, highlighting the 
unique aspects of user registration and the significance of the process. This onboarding process serves 
a dual purpose: ensuring end users’ compliance with data processing and Smart Contract obligations 
and creating the TSPs’ data attributes catalogue. This catalogue is the first input necessary for the 
SIGN-AIR platform to initiate the discovery process. 

It begins with the customer service sending an invitation to the legal representative of the TSP. Upon 
accepting the invitation, the legal representative is guided through a wizard comprising three key 
steps. 
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First, the legal representative must complete and provide basic information about the TSP, including 
the legal name, VAT number, and company type.  

Next, the legal representative provides the names and details of the admins and viewers to be included 
under their organisation as end users of the platform. The Contract Management platform then 
prepares the necessary Terms and Conditions (T&C) (see glossary) and User Agreement (UA) (see 
glossary) documents, which must be signed to authorise platform usage.  

Finally, the legal representative signs the T&C and US. This step ensures that all end users comply with 
the default rights and obligations concerning data processing and the essential rights and obligations 
concerning Smart Contracts. Due to the confidentiality of contracts and data sharing, the registration 
process for end users is more stringent than usual. T&C and UA are critical for establishing clear rules 
and obligations between the platform and transport providers, ensuring compliance with legal 
requirements, mitigating risks, and fostering trust and smooth operations among all parties involved. 

Once the signed T&C and UA are processed and verified, the contract management platform creates 
the data attributes catalogue for the TSP based on its type and sends it for revision, updating the 
Discovery graph accordingly.  

 

 

Figure 18: NOV-5 Onboarding 

Discovery 
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Figure 20 presents the SIGN-AIR Discovery process that entails two main interrelated and consequent 
mechanisms 

1. the matchmaking mechanism  
2. the templating mechanism.  

The matchmaking mechanism is tailored to the data sharing goals which are linked to the minimum 
required data to fulfil the specific goal and to the data generated per TSPs forming a triangle of 
dependency.  

 

Figure 19: Discovery pathways 

Hence, the discovery process starts with the TSPs admin selecting a pathway as shown in Figure 19. 

• Pathway a. TSP1 can select a specific goal of DSA and then the platform can provide the data 
that it needs to have and a potential list of collaborators. 

• Pathway b. TSP1 can opt for this option and based on its data catalogue the platform can 
indicate a list of goals and specific collaborators (TSPs) and linked goals.  

• Pathway c. TSP1 can say that it wants to collaborate with a specific TSP and then the platform 
provides the type of collaboration (goal) that they can fulfil and the data that are required to 
be shared between them. 

The platform queries the graph database and independent of the pathway that the TSP1 selected the 
result is the creation of a collaborators list. This lists the potential collaboration that TSP1 can have 
based on its type (services) and location and time of operations.  

The TSP1 selects a collaboration (counterparty TSP and data sharing goal) a check is performed if there 
are missing fields and if not, an invitation is prepared. This invitation has specific characteristics 

i. If one DSA is going to be generated and details if TSP2 is the data provider or the data 
consumer 

ii. If two DSAs are going to be generated therefore TSP2  
iii. If the DSA based on the specific selected goals is accompanied by a SC.  
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Figure 20: NOV-5 Discovery 

Negotiation 
Figure 21 present the negotiation process. It starts with the first offer which is done by the TSPA that 
invited TSPB for collaboration, The DSA(s) and SC will be negotiated simultaneously. For reviewing the 
offer and counteroffer the UI/UX should have two columns to allow the TSPs to see the differences 
between the offers. Additionally, if the TSPs do not know before hands which itineraries want to 
synchronize or are the most promising for a single ticketing SIGN-AIR platform directs them to the 
external module of synchronization. Furthermore, if there is the necessity of creating, translating or 
validating their datasets contract management platform directs them to standardization platform.  
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Figure 21: NOV-5 Negotiation 

Settlement 
Figure 22 shows the settlement process. The signed contract will be the contract in text version, and 
with the code written out as text. Later it will be coded, APIs will be linked no it will be tested. Signature 
would come before these actions. The text version presents the legal prose of the agreement. The data 
sharing agreement and the smart contract if applicable, legal prose is ready to be signed by the two 
counterparties. If the DSA is not linked with a SC then the DSA is registered in blockchain. If the DSA is 
linked with a SC, then the code and connections need to be tested. The coding and successful testing 
must be in conformity with the agreed text version and then it is signed and registered in blockchain.  
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Figure 22: NOV-5 Settlement 

Post – Settlement 
Figure 23 presents the post-settlement (after DSAs and SC are signed) of the contract management 
that refers to the continuous monitoring and management of DSAs based on the actions and triggers 
of the SCs. Monitoring is linked to the central information management that provides the technical 
infrastructure to exchange data, on the other hand the contract management sets the governance of 
how data and when shall be exchanged with the SCs predefined triggers and actions track the 
fulfilment of obligations and ensure compliance.  

 



 

DES HE SESAR SOLUTION SIGN-AIR TS/IRS FOR TRL6 – PART I 
Edition 00.01 

 

  
 

 

 

Page |190 
© –2023– SESAR 3 JU 

  
 

 

 

Figure 23: NOV-5 Post Settlement 
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Annex 2 Airports served by railway services 

The following table presents a list with the airports of Europe their categorization and their links with 
railway services. If not all the airports the majority of the airports is also served by bus services which 
is not included in the table below as the solution is focusing on the air-rail connections.   
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Table 27: List of airports in Europe connected with rail and type of rail  

# Name Main city(ies) 
served  

Country  Round 
number 
of 
passenger
s to the 
nearest 
million 

Category Regio
nal 
airpor
t 
accord
ing 
ACI 
Europ
e 

HUB 
according 
ACI report 
on 
CONNECTI
VITY 2023 

HU
B  

Airpo
rt  
CDM 
(34 
airpo
rts) 

Rail, no 
rail, just 
metro 

High-
speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 

Metr
o or 
tram 

1 Heathrow Airport London  United 
Kingdom 

                       
79  

Extremely 
large 

 
Major hub HU

B  
A 
CDM 

RAIL 
 

Express, regional, 
commuter train: 
Heatrow express, 
Elisabet train 

Metr
o 

2 Istanbul Airport Istanbul  Turkey                        
76  

Extremely 
large 

 
Major hub HU

B  

 
METRO 

  
Metr
o 

3 Charles de Gaulle Airport Paris  France                        
67  

Extremely 
large 

 
Major hub HU

B  
A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

4 Amsterdam Airport 
Schiphol 

Amsterdam  Netherlan
ds 

                       
62  

Extremely 
large 

 
Major hub HU

B  
A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

5 Adolfo Suárez Madrid–
Barajas Airport 

Madrid  Spain                        
60  

Extremely 
large 

 
Secondary 
hub 

HU
B  

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

6 Frankfurt am Main Airport Frankfurt  Germany                        
59  

Extremely 
large 

 
Major hub HU

B  
A 
CDM 

RAIL High-
speed 
rail 
and 

Express, regional, 
commuter train 
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interci
ty rail 
link 

7 Josep Tarradellas 
Barcelona–El Prat Airport 

Barcelona  Spain                        
50  

Extremely 
large 

 
Niche and 
smaller 
hub  

HU
B  

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

8 Gatwick Airport London  United 
Kingdom 

                       
41  

Very large 
 

Niche and 
smaller 
hub  

HU
B  

 
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 

 

9 Leonardo da Vinci–
Fiumicino Airport 

Rome  Italy                        
41  

Very large 
 

Niche and 
smaller 
hub  

HU
B  

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 

 

10 Munich Airport Munich  Germany                        
37  

Very large 
 

Secondary 
hub 

HU
B  

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

11 Istanbul Sabiha Gökçen Istanbul Turkey                        
37  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

 
METRO 

  
Metr
o 

12 Sheremetyevo 
International Airport 

Moscow  Russia                        
37  

Very large 
  

  
 

RAIL 
 

Express, regional, 
commuter train 

 

13 Lisbon Airport Lisbon  Portugal                        
34  

Very large 
 

Niche and 
smaller 
hub  

HU
B  

A 
CDM 

METRO 
   

14 Dublin Airport Dublin  Ireland                        
34  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

 
no rail 

   

15 Orly Airport Paris  France                        
32  

Very large 
 

    A 
CDM 

RAIL 
BUT 
WITH 
BUS 
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TRANSP
ORT, 
THERE IS 
NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

16 Palma de Mallorca Airport Palma de 
Mallorca 

 Spain                        
31  

Very large Region
al 

    A 
CDM 

no rail 
   

17 Vienna International 
Airport 

Vienna  Austria                        
30  

Very large 
 

Secondary 
hub 

HU
B 

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 

 

18 Zurich Airport Zürich   Switzerlan
d 

                       
29  

Very large 
 

Secondary 
hub 

HU
B 

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

19 Athens International 
Airport 

Athens  Greece                        
28  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

 
RAIL 

 
Express, regional, 
commuter train 

Metr
o 

20 Manchester Airport Manchester  United 
Kingdom 

                       
28  

Very large Region
al 

   
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 
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21 London Stansted Airport London  United 
Kingdom 

                       
28  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

 
RAIL 

 
Express, regional, 
commuter train 

 

22 Copenhagen Airport Copenhagen  Denmark                        
27  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

23 Malpensa Airport Milan  Italy                        
26  

Very large 
   

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

24 Oslo Airport, Gardermoen Oslo  Norway                        
25  

Very large 
 

Niche and 
smaller 
hub  

HU
B 

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

Express, regional, 
commuter train 

 

25 Berlin Brandenburg Airport Berlin  Germany                        
23  

Large 
   

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

26 Málaga Airport Málaga  Spain                        
22  

Large Region
al 

  
A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

27 Brussels Airport Brussels  Belgium                        
22  

Large 
 

Niche and 
smaller 
hub  

HU
B 

A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 
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28 Stockholm Arlanda Airport Stockholm  Sweden                        
22  

Large 
 

Niche and 
smaller 
hub  

HU
B 

 
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 

  

29 Pulkovo Airport Saint Petersburg  Russia                        
20  

Large Region
al 

   
METRO 
BUT 
WITH 
BUS 
TRANSP
ORT, 
THERE IS 
NO 
METRO 
STATION 
AT THE 
AIRPORT 

   

30 Domodedovo International 
Airport 

Moscow  Russia                        
20  

Large 
 

Niche and 
smaller 
hub  

HU
B 

 
RAIL 

 
Express, regional, 
commuter train 

 

31 Düsseldorf Airport Düsseldorf  Germany                        
19  

Large Region
al  

  
A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

32 Warsaw Chopin Airport Warsaw  Poland                        
18  

Large 
 

Niche and 
smaller 
hub  

HU
B 

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

33 Geneva Airport Geneva   Switzerlan
d 

                       
16  

Large Region
al 

  
A 
CDM 

RAIL High-
speed 
rail 
and 
interci
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ty rail 
link 

34 Luton Airport London  United 
Kingdom 

                       
16  

Large 
    

RAIL 
 

Express, regional, 
commuter train 

 

35 Orio al Serio International 
Airport 

Milan/Bergamo  Italy                        
16  

Large Region
al 

  
A 
CDM 

RAIL 
BUT 
WITH 
BUS 
TRANSP
ORT, 
THERE IS 
NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

   

36 Alicante–Elche Miguel 
Hernández Airport 

Alicante/Elche  Spain                        
16  

Large Region
al 

  
A 
CDM 

no rail 
   

37 Helsinki Airport Helsinki  Finland                        
15  

Large 
 

Niche and 
smaller 
hub  

HU
B 

A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

38 Porto Airport Porto  Portugal                        
15  

Large 
       

Tram 

39 Budapest Ferenc Liszt 
International Airport 

Budapest  Hungary                        
15  

Large 
    

no rail 
   

40 Henri Coandă International 
Airport 

Bucharest  Romania                        
15  

Large 
    

RAIL 
 

Express, regional, 
commuter train 

 

41 Vnukovo International 
Airport 

Moscow  Russia                        
15  

Large 
    

RAIL 
 

Express, regional, 
commuter train 

 

42 Edinburgh Airport Edinburgh  United 
Kingdom 

                       
14  

Large Region
al 

      
Tram 

43 Nice Côte d'Azur Airport Nice  France                        
14  

Large Region
al 

  
A 
CDM 

   
Tram 

44 Václav Havel Airport 
Prague 

Prague  Czech 
Republic 

                       
14  

Large Region
al 

  
A 
CDM 

METRO 
  

Metr
o 
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45 Hamburg Airport Hamburg  Germany                        
14  

Large Region
al 

  
A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

46 Naples Airport Naples  Italy                        
12  

Large Region
al 

  
A 
CDM 

no rail 
   

47 Birmingham Airport Birmingham  United 
Kingdom 

                       
11  

Large Region
al 

   
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 

  

48 Venice Marco Polo Airport Venice  Italy                        
11  

Large Region
al 

  
A 
CDM 

no rail 
   

49 Marseille Provence Airport Marseille  France                        
11  

Large Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

50 Catania-Fontanarossa 
Airport 

Catania  Italy                        
11  

Large 
    

RAIL 
 

Express, regional, 
commuter train 

 

51 Lyon–Saint-Exupéry Airport Lyon  France                        
10  

Large Region
al 

  
A 
CDM 

RAIL High-
speed 
rail 
and 
interci
ty rail 
link 

  

52 Bologna Guglielmo 
Marconi Airport 

Bologna  Italy                        
10  

Large Region
al 

   
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 
with 
monor
ail, 
there 
is no 
HS 

Monorail 
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statio
n at 
the 
airpor
t 

53 Valencia Airport Valencia  Spain                        
10  

Large Region
al 

   
METRO 

  
Metr
o 

54 Bristol Airport Bristol  United 
Kingdom 

                       
10  

Large Region
al 

   
RAIL 
BUT 
WITH 
BUS 
TRANSP
ORT 
(30min), 
THERE IS 
NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

   

55 Cologne Bonn Airport Cologne/Bonn  Germany                        
10  

Large Region
al 

   
RAIL High-

speed 
rail 
and 
interci
ty rail 
link 

  

56 Faro Airport Faro  Portugal                        
10  

Large Region
al 

   
no rail 

   

57 Brussels South Charleroi 
Airport 

Charleroi  Belgium                          
9  

Medium Region
al 

   
no rail 

   

58 Linate Airport Milan  Italy                          
9  

Medium 
   

A 
CDM 

no rail 
   

59 Kraków John Paul II 
International Airport 

Kraków  Poland                          
9  

Medium Region
al 

   
RAIL 

 
Express, regional, 
commuter train 
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60 Ibiza Airport Ibiza  Spain                          
9  

Medium Region
al 

   
no rail 

   

61 Heraklion International 
Airport 

Heraklion  Greece                          
9  

Medium Region
al 

   
no rail 

   

62 Stuttgart Airport Stuttgart  Germany                          
8  

Medium Region
al 

  
A 
CDM 

RAIL 
 

Express, regional, 
commuter train 

 

63 Falcone–Borsellino Airport Palermo  Italy                          
8  

Medium 
    

RAIL 
 

Express, regional, 
commuter train 

 

 
EuroAirport Basel 
Mulhouse Freiburg 

Basel/Mulhouse/
Freiburg im 
Breisgau 

 France                          
8  

    
   

RAIL 
BUT 
WITH 
BUS 
TRANSP
ORT, 
THERE IS 
NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

   

64   Switzerlan
d 

Medium Region
al 

       

65 Seville Airport Seville  Spain                          
8  

Medium Region
al 

   
no rail 

   

66 Belgrade Nikola Tesla 
Airport 

Belgrade  Serbia                          
8  

Medium Region
al 

   
no rail 

   

67 Toulouse–Blagnac Airport Toulouse  France                          
8  

Medium Region
al 

      
Tram 

68 Malta International Airport Malta  Malta                          
8  

Medium Region
al 

   
no rail 

   

69 Keflavík International 
Airport 

Reykjavík Iceland                          
8  

Medium Region
al 

Niche and 
smaller 
hub  

HU
B 

 
no rail 

   

70 Tirana Airport Tirana Albania                          
7  

Medium Region
al 

   
no rail 
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71 Sofia Airport Sofia  Bulgaria                          
7  

Medium 
    

METRO 
  

Metr
o 

72 Glasgow Airport Glasgow  United 
Kingdom 

                         
7  

Medium Region
al 

   
RAIL 
BUT 
WITH 
BUS 
TRANSP
ORT, 
THERE IS 
NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

   

73 Thessaloniki Airport 
"Macedonia" 

Thessaloniki  Greece                          
7  

Medium Region
al 

   
no rail 

   

74 Eindhoven Airport Eindhoven  Netherlan
ds 

                         
7  

Medium Region
al 

   
no rail 

   

75 Riga International Airport Riga  Latvia                          
7  

Medium Region
al 

  
A 
CDM 

no rail 
   

76 Bordeaux–Mérignac 
Airport 

Bordeaux  France                          
7  

Medium Region
al 

      
Tram 

77 Nantes Atlantique Airport Nantes  France                          
7  

Medium Region
al 

   
no rail 

   

78 Bari Airport Bari  Italy                          
6  

Medium Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

79 Bergen Airport, Flesland Bergen  Norway                          
6  

Medium Region
al 

   
RAIL 

  
Light 
rail 

80 Bilbao Airport Bilbao  Spain                          
6  

Medium Region
al 

   
no rail 

   

81 Rhodes International 
Airport 

Rhodes  Greece                          
6  

Medium Region
al 

   
no rail 

   

82 Belfast International 
Airport 

Belfast  United 
Kingdom 

                         
6  

Medium 
    

RAIL Interci
ty rail 
link 
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83 Gdańsk Lech Wałęsa 
Airport 

Gdańsk  Poland                          
6  

Medium 
    

RAIL 
 

Express, regional, 
commuter train 

 

84 Beauvais–Tillé Airport Paris  France                          
6  

Medium 
    

no rail 
   

85 Katowice Airport Katowice  Poland                          
6  

Medium Region
al 

   
no rail 

   

86 Göteborg Landvetter 
Airport 

Gothenburg  Sweden                          
5  

Small Region
al 

   
no rail 

   

87 Kazan International Airport Kazan  Russia                          
5  

Small Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

88 Pisa International Airport Pisa  Italy                          
5  

Small 
    

RAIL 
   

89 Cagliari Elmas Airport Cagliari  Italy                          
5  

Small Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

90 Newcastle Airport Newcastle upon 
Tyne 

 United 
Kingdom 

                         
5  

Small Region
al 

   
METRO 

  
Metr
o 

91 Luxembourg Airport Luxembourg City  Luxembou
rg 

                         
5  

Small Region
al 

   
no rail 

   

92 Ufa International Airport Ufa  Russia                          
5  

Small 
    

no rail 
   

93 Mineralnye Vody Airport Mineralnye Vody  Russia                          
5  

Small Region
al 

   
no rail 

   

94 Hannover Airport Hannover  Germany                          
5  

Small Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

95 Turin Airport Turin  Italy                          
5  

Small Region
al 

   
RAIL 

 
Express, regional, 
commuter train 

 

96 Vilnius International 
Airport 

Vilnius  Lithuania                          
4  

Small Region
al 

   
no rail 

   

97 Khrabrovo Airport Kaliningrad  Russia                          
4  

Small 
    

no rail 
   

98 Liverpool John Lennon 
Airport 

Liverpool  United 
Kingdom 

                         
4  

Small Region
al 

   
RAIL 
BUT 
WITH 
BUS 
TRANSP
ORT, 
THERE IS 
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NO 
RAILWA
Y 
STATION 
AT THE 
AIRPORT 

99 Corfu International Airport Corfu  Greece                          
4  

Small Region
al 

   
no rail 

   

100 Menorca Airport Mahón  Spain                          
4  

Small Region
al 

   
no rail 

   

101 Trondheim Airport Værnes Trondheim  Norway                          
4  

Small Region
al 

   
RAIL 

 
Express, regional, 
commuter train 
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