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Abstract

D2.2 “Standardisation (STAND) - Initial” is the first iteration of a series of reports aiming to capture the
standardisation needs of the SIGN-AIR SESAR solution. This initial iteration of STAND provides all
standardisation contextual information existing at the beginning of the development activities. D2.2
captures the overall status of the most widely available and used data standards per transportation
mode.
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1 Executive summary

This document is the Standard Deliverable of the SIGN-AIR SESAR Solution dealing with the
development and piloting of a new platform, the SIGN-AIR platform, for an orchestrated sharing of
data in multimodal traveling. D2.2 “Standardisation (STAND) - Initial” is the first iteration of a series of
reports aiming to capture the standardisation needs of the SIGN-AIR SESAR solution. The
standardisation need documents provide information to support industrialisation activities and assist
the entry into operations of the corresponding SESAR solution, namely the SIGN-AIR platform. The
STAND documents in tandem will cover all standardisation contextual information existing at the
beginning of the development activities but will also identify the needs for amendments of the existing
standardisation documents to support the scope of the new SESAR solution.

The SIGN-AIR platform will provide the means for Transport Service Providers (TSPs) to register, reach
Data Sharing Agreements and Smart Contracts with other TSPs and manage their contractual
relationships. The SIGN-AIR platform will only manage the contractual aspects through the types of
data offered by the TSPs. As an added value, the SIGN-AIR platform will provide a number of services
to the stakeholders of multimodal travel through the analysis and exploitation of the contracts: (i)
templates for contracts to simplify the legal management, (ii) electronic management and information
provision about each specific contract, (iii) routing information for Travel Companions (TCs) with
enriched information about the specific contracts for their traveller customers, and (iv) facilitation of
single ticketing through the comprehensive understanding of the contracts and the data managed,
among others.

For the SIGN-AIR platform to effectively leverage standardised data in its Monitoring Dashboard and
as a means of communication with Travel Companions (TCs), it is imperative to achieve a profound
understanding and technical examination of each pertinent data standard. This report endeavours to
comprehensively evaluate the landscape of data standards within the realm of multimodal passenger
scenarios and emphasis on IATA SSIM standardization, association of non-standardised to standardised
data, and the harmonization of NeTEx/SIRI and IATA SSIM [1].

© —2023-SESAR 3JU 7
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2 Introduction

2.1 Purpose of the document

In order to be able to successfully capture the current situation in the area of data standards of various
multimodal passenger scenarios, one must first capture the overall status of the most widely available
and used data standards in each mode of transportation. The successful completion of this task will
lead to a clear understanding on how to proceed regarding the amendment of an existing data
standard or the need for definition of a new data standard.

For SIGN-AIR to be able to utilize standardised data and use it in its Monitoring Dashboard as well as
the medium of communication with the TCs, a clear understanding and technical examination for each
of the data standards — European standards (EN), technical specifications (TS) or TR (technical reports)
- must be reached. Followingly, a successful understanding of the data standards and management of
those will provide a source input to the National Access Points (NAPs) whose purpose [1] is to provide
a single interface through which transport-related data from various data providers are made
accessible to the public. Datasets are accompanied by a standardized set of metadata in order to
facilitate their exchange and reuse.

The most adopted set of data standards in the aviation industry regarding the exchange of airline time
schedules is the IATA Standard Schedules Information Manual (SSIM)[2]. It 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. For that purpose, the project aims to develop a tool (SIGN-AIR SSIM standardizer)
that attempts to standardize provided data in the format of the IATA SSIM data standard. The SIGN-
AIR SSIM standardizer will involve the creation of the Ul (map where the user can insert the
information) and the database components (conversion from SCR! and other formats to a Relational
Database Management System).

Moreover, the tool to be created will be able to associate non-standardised to standardised data. This
tool will be implemented in the SIGN-AIR platform when the user (TSP) registers information to create
his data attributes Catalogue.

Furthermore, another task to research is the aspect of data harmonization. As it has already
successfully been conducted by the Transmodel consortium [2] which has executed a study on
harmonizing the industry standard and the EU - approved standard (NeTEx and GTFS) regarding public
transport, the SIGN-AIR project aims to generate a study in the similar direction regarding NeTEx/SIRI
and IATA SSIM harmonisation which will be possible after a successful mapping of all relevant data
standards. The project will identify potential data elements currently absent in the NeTEx and SIRI data
standards but present in the IATA SSIM data standard. This identification is crucial for enhancing the
exchange of data between operators, particularly during the operational stage of data usage. By

1 Slot Clearance Request: This is the communication utilized by airlines and coordinators to handle slot inquiries
at coordinated airports. [29].

8 © —2023-SESAR 3JU
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incorporating these additional elements, the system aims to improve the completeness and
effectiveness of data exchanges, ensuring a more robust and comprehensive information flow among
operators.

Finally, it is important to mention that this deliverable is limited to identification of existing data
standards and postpones the identification of standardization need(s) required for the deployment of
the SIGN-AIR platform for its next version. The main reason is that the design and the architecture of
the platform needs to be more advanced to allow us to be able to perform such type of standardising
needs identification. The secondary reason is that the relation of the SIGN-AIR platform with the ATM
system is not clear yet as SIGN-AIR platform is targeting multimodality and not only air transport.

2.2 Intended readership

This section outlines the specific audience for whom the insights and recommendations presented in
this report are intended. The primary readership for this deliverable encompasses the European Air
Traffic Management (ATM) community, prominently the European Air Traffic Management Master
Plan (ATM MP) Stakeholder Consultation Group (EASCG). Additionally, this report holds relevance to
other stakeholders, including the European Union's Single European Sky Coordination Group (EUSCG),
and the European Standardization Coordination Group (ESCG). The collaborative input and
consideration of these key stakeholders are pivotal in advancing SESAR's contributions to
standardization activities, particularly in collaboration with organizations such as EUROCAE.

2.3 Background

The literature review presented in this chapter firstly identified and provided a complete summary of
each of the available and mostly used data standards focusing on the region of Europe for each of the
transport sectors that SIGN-AIR is involved. Following that, additional data standards are analysed
similarly that are indirectly involved in a passenger trip. Finally, the last sub-chapter encapsulates the
sense of data harmonization in terms of defining it, providing its goals, the benefits, several examples,
and the overall progress in the area so far. A final note that should be addressed is that only open data
standards or industry leading ones related to the project are selected. Platforms or other branded
systems and integrations (e.g., Total Airport Management Systems) that harness such standards are
not included since they are built on top of data standards.

2.3.1 Overview of relevant standards

When attempting to harmonize commercial airline data standards, the starting point of the research
should be an assessment of existing industry standards and best practices. This involves conducting a
comprehensive review of relevant documentation, guidelines, and frameworks established by
regulatory bodies, industry organizations, and standardization bodies. The OJP Open API for
distributed journey planning though found in the literature review, it is not considered worth including
in the context of the current deliverable since itself, is not a data standard of any mode but harnesses
data from different operators and modes and its focus is to enable systems to exchange information
(Physical layer). All the following modes of transport which were found to be part of a multi-legged
trip are therefore proved necessary to analyse. The main categories of passenger transport can be
broadly classified into the following categories: Public, Air, Rail, Road, Maritime transport as well as
micro mobility.

© —2023-SESAR 3JU 9
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2.3.1.1 Public Transit

Public transit specifically refers to transportation services that are publicly available and accessible to
the general population. Public transport (also known as public transportation, public transit, mass
transit, or simply transit) is defined as a system of transport for passengers by group travel systems
available for use by the general public which unlike private transport, is typically managed on a
schedule, operated on established routes, and that charge a posted fee for each trip. There is no rigid
definition of which kinds of transport are included, and air travel is often not thought of when
discussing public transport [3]. Planes count as public transport if they are operated by an airline that
carries fare-paying passengers [4]. It includes modes such as buses, trains, trams, subways, and light
rail systems that operate on fixed routes and schedules. Public transit is typically managed and
operated by government agencies or authorized entities with the goal of providing affordable and
efficient transportation options for the public. Finally, it should be noted that the DCV (Data
Communication on Vehicles) even though identified during the literature review is not presented in
the current deliverable since it refers to standardization of the application rules concerning physical
data bus transmission inside vehicles and is found unrelated to the scope of the project.

2.3.1.1.1 Transmodel - Public Transport Reference Data Model

Name Transmodel - Public Transport Reference Data Model
Official Website https://www.transmodel-cen.eu/
Managing CEN-CENELEC

Organisation
Standard Type Technical Specification
Exchange Data File None; Transmodel is a Conceptual model

Introduction Transmodel serves as the foundation for establishing exchange standards that
facilitate the sharing and dissemination of accurate and harmonious public
transport information, transcending organizational and system boundaries.
When formulating legislations and regulations, procuring technical systems, or
integrating such systems, having access to a precise and standardized language
confers a significant advantage. Transmodel offers precisely such a unified
language that comprehensively addresses various facets of public transport. It
has been meticulously developed and improved over several decades by public
transport experts from diverse European countries. Much like the consensus
achieved in adopting uniform symbols for road signs across numerous
countries, Transmodel provides the groundwork for a shared language in the
realm of public transport. [5]

Overview Transmodel presents an abstract representation of fundamental concepts and
data frameworks pertaining to public transportation. This framework is
versatile and can be employed to construct a diverse array of public transport
information systems, encompassing functions such as scheduling, fare

10 © —2023-SESAR 3JU
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Table 1: Transmodel Data Standard

2.3.1.1.2 GTFS - General Transit Feed Specification

© —2023-SESAR 3 JU
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Table 2: GTFS Data standard

2.3.1.1.3 NeTEx - Network Timetable Exchange (PARTS 1, 2, 3, 4)
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Table 3: NeTEx Data Standard
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2.3.1.1.4 OpRa - Operating Raw Data and statistics exchange
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Table 4: OpRa Data Standard

2.3.1.1.5 SIRI - Service Interface for Real-time Information

© —2023-SESAR 3 JU 15
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Table 5: SIRI Data Standard

2.3.1.1.6 OSDM - Open Sales and Distribution Model

© —2023-SESAR 3 JU
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OSDM results from the fusion of the new Tariff Model (nTM) and the Full Service
Model (FSM) specifications. The new Tariff Model (nTM) is a UIC project
launched in April 2019 to develop a new tool based on new UIC harmonised
tariff terms and conditions in order to offer customer-friendly and competitive
prices for international travel, based on timetables. The Full Service Model
(FSM) is a rail distribution sector industry initiative launched in 2013 to develop
an Open IT Specification between rail service providers and international
distributors, including third party retailers in order to complement individual
bilateral IT solutions between distributors and rail service providers. FSM
develops online interface specifications between rail distribution players (B2B)
to improve travellers’ access to rail tickets. Following a commitment made by
Passenger CEOs in 2019 to demonstrate tangible improvements for customers
by establishing EU-wide through-ticketing systems, a decision was made in
October 2019 to provide a common roadmap for the integration and
development of two complementary distribution solutions (new Tariff Model
and Full Service Model), taking into account through-ticketing and
multimodality in April 2020. UIC and FSM signed a technical agreement to
develop a single/integrated specification for complementary FSM and UIC nTM
functional parts. Railway operators, Global Distribution Systems (GDS), Online
Travel Agencies (OTA), Airline industry and Other public transport modes are all
possible actors of interest of the OSDM data standard [13]. During the revision
of the TAP TSI specification, the ODDM data standard has been taken into
account. Currently, the OSDM specifications are undergoing further evaluation
to ensure seamless integration and data exchange with other established
standards, such as the European CEN/TS 16614 (NeTEx) standards. To achieve
this goal, ERA is collaborating with CEN, UIC, and CER to align OSDM with the
NeTEx standard, thereby enabling interoperability between the two [14].

Benefits Enhanced Ticket Purchase: Railway customers will have easier access to rail and
multimodal transport tickets across Europe, enabling them to purchase tickets
at the most beneficial prices and tariff conditions. OSDM facilitates combining
fares, including existing and new fare combinations, providing customers with
more flexibility and options.

Improved Services and Customer Attraction: Railway operators can offer better
services and attract new customers by leveraging technical innovation and
smart mobility solutions. These solutions contribute to seamless travel
experiences, enhancing customer satisfaction and increasing the
competitiveness of railway services.

Reduced Costs: By streamlining the distribution process, the railway sector can
benefit from reduced development and distribution costs. OSDM's capabilities
help optimize and simplify the ticket distribution process, leading to cost
savings for the industry as a whole.

Improved Connectivity for Ticket Vendors: Ticket vendors will benefit from
improved connectivity in railway ticket distribution. OSDM enables a simpler

18 © —2023-SESAR 3JU
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Table 6: OSDM Data Standard

2.3.1.2 Air Transport

Air transport involves the movement of passengers by airplanes and helicopters. It includes
commercial airlines, chartered flights, and general aviation. Air transport offers both domestic and
international travel options, connecting cities and countries across the globe.

2.3.1.2.1 SSIM - Standard Schedules Information Manual

© —2023-SESAR 3 JU 19
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Table 7: SSIM Data Standard

2.3.1.2.2 PADIS - Passenger and Airport Data Interchange Standards
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Table 8: PADIS Data Standard

2.3.1.2.3 NDC - New Distribution Capacity
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the NDC Standard, amplifies the potential for interactions between airlines and
travel agents. Furthermore, it is accessible to all external parties, intermediaries,
IT service providers, and entities beyond the IATA membership, enabling them to
integrate and employ this standard [15].

Overview NDC represents the modernization of outdated data exchange standards that
were established for ticket distribution over 40 years ago, a time predating the
invention of the Internet. This initiative emerged within a swiftly changing airline
industry environment in response to three primary trends, with the goal of
harmonizing distribution channels and ensuring transparency. (1) The current
industry caters to a significantly transformed passenger base with heightened
demands regarding their air retail experiences. (2) Airlines have made substantial
technological investments and are preparing to efficiently manage their own
offers and their distribution. These newfound capabilities within airline
distribution are placing pressure on the realm of indirect sales, potentially
disrupting the equilibrium of the customer experience. This situation necessitates
the integration and interaction with a multitude of innovative technologies. (3)
Travel agencies employ a varied assortment of channels to arrange flights for their
clients. As airlines have redefined both their offerings and sales strategies, travel
agents have adapted accordingly. The travel agency community is also undergoing
a transformation to accommodate these changes [16].

Benefits e Provide comprehensive airline product and service details to corporate
buyers, minimizing the need for bookings that don't comply with
company policies.

e Display and compare all available air travel choices and their associated
fares.

e Choose the most suitable travel option based on preferences such as
quality, service level, schedule, and price.

e Receive personalized offers from preferred sellers based on individual
travel history and preferences.

e  Gain access to the complete range of airline products, including add-ons
and special fares.

e  Work with real-time information on offers, products, and policies.

e Enhance the ability to compare offerings for customers based on product
and service features, not just price.

e Provide tailored service by considering customers' complete travel
history and preferences if they opt for recognition.

e Distribute the entirety of the airline's product range, along with ancillary
services and promotional fares.

e Present airline products in an engaging manner using visually appealing
formats like photos and videos.

e Increase the depth of information available for each product, covering
attributes, facilities, policies, and passenger reviews.

e Introduce value-added products and services where relevant.
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Table 9: NDC Data Standard

2.3.1.2.4 AIRIMP - Reservations Interline Message Procedures
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Table 10: AIRIMP Data Standard

2.3.1.2.5 AIDM - Airline Industry Data Model
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Table 11: AIDM Data Standard

2.3.1.2.6 AIDX - Airline Industry Data Exchange

© —2023-SESAR 3 JU
Approved




Ebimion 00.01

sesar’ IRl et e

JOINT UNDERTAKING

Table 12: AIDX Data Standard

2.3.1.2.7 FIXM - Flight Information Exchange Model

Table 13: FIXM Data Standard
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2.3.1.2.8 AIXM - Aeronautical Information Exchange Model

Name
Official Website

Managing
Organisation

Standard Type

Exchange Data
File

Introduction

Overview

Benefits

AIXM - Aeronautical Information Exchange Model
https://www.aixm.aero/

EUROCONTROL in coordination with FAA

Technical Specification

Extensible Markup Language (XML)

The Aeronautical Information Exchange Model (AIXM) is crafted to facilitate the
digital handling and dissemination of Aeronautical Information Services (AIS)
data. AIXM employs the Geography Markup Language (GML) and serves as a
specific GML Application Schema tailored for the aeronautical sector. It
emerged through collaboration among the US Federal Aviation Administration
(FAA), the US National Geospatial Intelligence Agency (NGA), and the European
Organisation for the Safety of Air Navigation (EUROCONTROL). The present
iteration stands as AIXM 5.1.1. [24]

AIXM enables the provision in digital format of the aeronautical information
that is in the scope of aeronautical information services (AIS). The AIS
information/data flows that are increasingly complex and made up of
interconnected systems. They involve many actors including multiple suppliers
and consumers. There is also a growing need in the global air traffic
management (ATM) system for high data quality and for cost efficiency. [25]

In order to meet the requirements of this increasingly automated environment,
AIS is moving from the provision of paper products and messages to the
collection and provision of digital data. AIXM supports this transition by
enabling the collection, verification, dissemination, and transformation of
digital aeronautical data throughout the data chain, in particular in the segment
that connects AIS with the next intended user.

To overcome these drawbacks of textual NOTAMs a joint project between
EUROCONTROL and the Federal Aviation Administration (FAA) was launched in
2010 (EUROCONTROL & Federal Aviation Administration, 2011b). The aim was
to replace textual NOTAMs with digital NOTAMs. Digital NOTAMSs represent
structured data sets which can be read and interpreted by automated systems.
In order to provide an encoding for digital NOTAMs, the existing Aeronautical
Information Exchange Model (AIXM) was used and extended (Geospatial
Intelligence TWG, 2006). AIXM allows to represent ATM elements such as event
scenarios or features like airports, airspaces or routes. The machine-
interpretable data structure allows filtering of NOTAMs without the need of
human interpretation. Thus CHAPTER 1. INTRODUCTION 3 the flood of NOTAMs
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Table 14: AIXM Data Standard

2.3.1.2.9 AMXM - Aerodrome Mapping Exchange Model
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Table 15: AMXM Data Standard

2.3.1.2.10BIX - Baggage Information Exchange
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Table 16: BIX Data Standard

2.3.1.3 Rail Transport

Rail transport involves the movement of passengers by trains on railways. It includes various types of
trains, such as commuter trains, regional trains, and long-distance trains. Rail transport can be part of
public transit systems, like commuter trains and subways that serve urban areas, or it can also include
private trains or luxury trains designed for specific purposes, such as tourism or business travel.

2.3.1.3.1 RailML - Railway Markup Language

2 https://www.iata.org/contentassets/6bb095b194bc4ebf851ed73c83266¢20/bix-guidance-document.pdf
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Table 17: RailML Data Standard

3 https://wiki2.railml.org/wiki/Main_Page
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2.3.1.4 Road Transport

Road Transport: Road transport refers to passenger travel by road using vehicles such as cars,
motorcycles, buses, and taxis. While public buses and some forms of shared transportation services
like ride-sharing or carpooling can be considered part of public transit, road transport also
encompasses private vehicles that individuals use for personal transportation.

2.3.1.4.1 DATEX Il - Data Exchange for Traffic Telematics
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Benefits

Common
Elements

Data

In practice, DATEX Il equips road operators and data providers with a suite of
resources including documentation, a Unified Modeling Language (UML)
model, and tools based on the eXtensible Markup Language (XML). This
framework guarantees the uniform exchange of road data across diverse
entities.*

Enabling the direct exchange of traffic information among operational systems
in control rooms significantly enhances the safety and efficiency of
transportation networks. This approach ensures that exchanges occur at the
level of systems, leading to instantaneous data transfer without operator
intervention. This results in quicker and more responsive management of road
networks, exemplifying the core concept of Intelligent Transport Systems (ITS).
The notion of a "dynamic system state" serves as the cornerstone of ITS.

When one considers the volume, accuracy, and availability of data, coupled
with the diverse indicators of traffic conditions, the significance of this concept
becomes evident. The standardization and alignment of data structures and
data exchange services pose fundamental challenges for both the realm of
information technology and ITS. In this context, DATEX Il emerges as a
specification designed to operate as well as represent the bridge between the
dynamic traffic domain and information technology.

The effective coordination and synchronization of traffic management
strategies among road operators constitute a pivotal element in optimizing the
capacities of road networks. This optimization aims to mitigate the adverse
impacts of congestion while simultaneously enhancing safety.

Operator actions, Impacts, Measured or elaborated data (e.g. travel times,
measured traffic speed, elaborated traffic status, weather measurements, etc.),
Messages displayed on Variable Message Signs (VMS), Service information (no
rest area, delays on trains, etc.)

Table 18: DATEX Il Data Standard

2.3.2 Other Data Standards

Another intermediate level of data which stands between the passenger, the infrastructure and other
services are the indoor mapping solutions. Large airports-rail stations are a main component in a
passenger trip, and are most likely the place where interchanges if apparent, happen. All airports
inevitably experience a significant volume of multimodal movements, involving various modes of
transportation for user access and egress. With the exception of air-to-air transfers, other
transportation modes come into play. These movements can be categorized into two types: those
involving local transportation for access or egress within the immediate vicinity of the airport and those
connecting to interurban modes. The former has been the traditional focus, with significant efforts
directed towards facilitating smooth interconnections for residents and visitors to the airport's local
area. However, a more recent development is the direct linkage of air services through airports to

4 https://docs.datex2.eu/basics/generalintroduction.html
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other medium and long-distance transportation modes. This change has been partly driven by
congestion on major air service routes and environmental considerations. Additionally, the influence
of railway interest groups in decision-making processes may have played a role in this shift.”

2.3.2.1 Indoor Mapping

Technologies and systems for indoor positioning, mapping, and navigation (IPMN) have rapidly
developed over the last decade due to advanced radio and light communications, the internet of
things, intelligent and smart devices, big data, and so forth. Thus, a group of surveys for IPMN
technologies, systems, standards, and solutions can be found in literature. However, currently there is
no proposed solution that can satisfy all indoor application requirements; one of the biggest challenges
is lack of standardization, even though several IPMN standards have been published by different
standard developing organizations (SDOs). Therefore, this paper aims to re-survey indoor positioning
and mapping technologies, in particular, the existing standards related to these technologies and to
present guidance in the field.®

2.3.2.1.1 IndoorGML

Name IndoorGML
Official Website http://www.indoorgml.net/

Managing Open Geospatial Consortium
Organisation

Standard Type Technical Specification

Exchange Data Extensible Markup Language (XML)
File

Introduction Indoor spaces dominate our daily activities, growing complex due to
urbanization and high population density in limited areas. Spatial information
becomes crucial for indoor location-based services, similar to outdoor contexts.
However, disparities between indoor and outdoor spaces make it challenging
to directly apply outdoor geospatial technologies indoors. The key difference
lies in spatial reference systems; outdoor uses coordinates assuming Euclidean
space, unfit for indoors. Instead, indoor locations are often denoted by
identifiers like room numbers. Indoors, space differs from Euclidean norms,
altering distance computation due to obstacles’.

> https://www.itf-oecd.org/sites/default/files/docs/05rt126.pdf - page 36

6 https://www.mdpi.com/2305-6703/2/2/12

7 https://isprs-archives.copernicus.org/articles/XLI-B4/701/2016/isprs-archives-XLI-B4-701-2016.pdf
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Overview

Benefits

This guideline relies on a cellular concept of space, viewing an indoor area as a
collection of distinct, non-overlapping cells. It comprises two primary module
categories: the core module and extension module. The core module
encompasses four fundamental components for both conceptualization and
implementation (geometric model defining cells, cell-to-cell topology, semantic
cell interpretation, and multi-layered spatial representation). Extension
modules have the potential to be established upon the core module to serve
specific application domains. In its initial iteration, the standard introduces an
extension tailored for indoor navigation?.

e Indoor Navigation: IndoorGML enables more accurate and reliable
indoor navigation solutions, helping people find their way within
complex indoor environments like airports, shopping malls, hospitals,
and large buildings.

e Location-Based Services: It supports the development of location-
based services within indoor spaces, such as indoor positioning,
location-aware marketing, and personalized user experiences.

e Emergency Management: IndoorGML aids emergency response teams
in navigating and managing incidents within indoor environments,
improving evacuation procedures and coordination.

e Facility Management: It facilitates effective facility management by
providing a detailed and standardized representation of indoor spaces,
aiding in space utilization, maintenance, and resource allocation.

e Retail and Marketing: Retailers can use IndoorGML to optimize store
layouts, track customer movement, and offer targeted promotions
based on customer location within stores.

e Public Transportation: IndoorGML can assist in improving navigation
within transportation hubs like airports, train stations, and bus
terminals.

e Accessibility: It contributes to making indoor spaces more accessible for
individuals with disabilities by enabling accurate mapping of features
like ramps, elevators, and accessible routes.

e Augmented Reality (AR) and Virtual Reality (VR): IndoorGML can
enhance AR and VR experiences by providing accurate spatial
information for virtual content placement within indoor environments.

e Building Information Modelling (BIM) Integration: It can be integrated
with BIM models to create a comprehensive representation of both the
exterior and interior of buildings.

e Research and Analysis: Researchers and urban planners can use
IndoorGML to study people's movement patterns, analyse traffic flow,
and conduct spatial analysis within indoor spaces.

e Security Planning: IndoorGML aids security personnel in planning and
executing security measures within buildings and crowded indoor
areas.

8 https://isprs-archives.copernicus.org/articles/XLI-B4/701/2016/isprs-archives-XLI-B4-701-2016.pdf
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e Efficient Infrastructure Planning: Organizations can use IndoorGML for
efficient infrastructure planning, optimizing resources, and designing
spaces that align with functional requirements.

Common Data Cellsand Spaces, Geometry, Topology, Semantics, Levels and Floors, Navigation
Elements Information, Furniture and Objects, Attributes and Properties, Relationships,
Extensions etc

Table 19: IndoorGML Data Standard

2.3.3 Data Harmonization

2.3.3.1 Definition

Harmonization is the process of minimizing redundant or conflicting standards which may have
evolved independently. The name is also an analogy to the process to harmonizing discordant music.

Harmonization is different from standardization®. Harmonization involves a reduction in variation of
standards, while standardization entails moving towards the eradication of any variation with the
adoption of a single standard.

2.3.3.2 Goal

The goal for standard harmonization is to find commonalities, identify critical requirements that need
to be retained, and provide a common framework for standards setting organizations (SSO) to adopt.
In some instances, businesses come together forming alliances or coalitions, also referred to multi-
stakeholder initiatives (MSI) with a belief that harmonization could reduce compliance costs and
simplify the process of meeting requirements. With potential to reduce complexity for those tasked
with testing and auditing standards for compliance.'®

2.3.3.3 Industry Benefits

In simple terms, data harmonization increases the value and utilization of data. Data harmonization
also makes it possible for organizations to transform fragmented and inaccurate data into workable
information—creating new analyses, insights, and visualizations. This means that data harmonization
helps the user reduce the time taken to access business intelligence, discover key insights, and detect
early disruptions. It also significantly lowers the overall cost of complex data analysis and the cost of
handling data in the long run. If an organization is spending less time scrambling to find the right source

9 Pelkmans, J. (1987). "The New Approach to Technical Harmonization and Standardization". JCMS: Journal of Common Market Studies. 25 (3): 249-269.

doi:10.1111/j.1468-5965.1987.tb00294.x.
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of data, then it can spend that time more effectively elsewhere, such as in growing the business and
making a significant revenue impact.

Whether an organization has been around for several decades or is a recent start-up, it will inevitably
gather a plethora of data. Along with it, there is the distinct possibility that the enormous array of
information gathered from a wide variety of sources will have errors and misinformation. Besides this,
the sheer volume of information collected over a company's lifespan can be unwieldy and
overwhelming.

With data harmonization tools, this data can be a valuable mine of insights and business intelligence.
Organizations can learn things about their customers, changing market forces, and even insights about
competitors. The good news is that every company across the globe is mining and storing data to make
smart business decisions and manage their customers. But first, to make sense of all that data,
organizations need to harmonize it.

Most companies spend huge amounts of time and resources on commissioning surveys, conducting
focus group sessions, and gathering information from the internet, news channels, and social media
networks. All this information does not come together in one manageable, cohesive body but rather
as a mish-mash of raw data. To make sense of it as a whole, it needs to be harmonized. Raw,
unharmonized data isn’t suitable for business analysis. It often contains irrelevant pointers, misleading
values, and duplicate statistics. However, when organizations use data harmonization techniques, they
can standardize data and create a single source of verifiable information.*

2.3.3.4 Examples of Successful Harmonization

Implementing and operating data systems for public transport is a complex undertaking that demands
a significant investment of resources and effort. While standardization plays a crucial role in simplifying
these systems, reducing costs, and improving interoperability and capabilities, it's important to
recognize that the adoption process is gradual and requires a strategic vision and patience over a span
of years, rather than months.

Transmodel, as a conceptual tool, holds considerable value in gradually aligning various standards to
converge onto a unified format. The provided diagram illustrates how Transmodel has been employed
over a 20-year period to align key National European standards, leading up to the EC ITS directive
promoting the use of pan-European standards for public transport (PT) data. GTFS (General Transit
Feed Specification) could potentially be included in this alighment process as well. For the effective
progression of standards, there needs to be a two-way flow of information between the concrete
formats used in the field, encompassing real-life workflows and new business requirements, and the
abstraction of those new features as common concepts within the Transmodel reference model. This
iterative evolution is essential for harmonizing and converting formats. It is imperative that this
evolution continues to address future needs and advancements in the field.

IATA aims to enhance the handling of Passenger Data by harmonizing systems, establishing forward-
looking standards, and educating countries about international standards. Passenger data has become

1 https://en.wikipedia.org/wiki/Harmonization (standards)

2 https://www.transmodel-cen.eu/wp-content/uploads/2019/10/StandardsHarmonisation-2019-njsk-v1.0-

1.pdf page 74
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crucial for Facilitation, but non-standard and inefficient transmission methods are common due to
government requirements for Advance Passenger Information (APl) and Passenger Name Records
(PNR). IATA, in collaboration with ICAO and WCO, has developed an API-PNR Toolkit to assist
stakeholders in understanding the global passenger data transmission framework. IATA cooperates
with UN counter-terrorism structures to align APl exchange programs with existing standards, utilizing
the Single Window concept for data requests. IATA contributes to the UN Counter-Terrorism Centre's
API Project, promoting harmonized data exchange through workshops. Over 90 countries mandate API
before flight arrival, with more planning to follow suit. IATA aims to standardize API requirements
globally. Similarly, access to PNR is growing, and IATA seeks a global solution to ensure data protection
while facilitating passenger flow?3.

The OSDM API and related documents are Open Source and accessible to all interested parties.
Introduced in 2013 and released in 2018, it emerged from UIT's Tariff Model (nTM) and Full Service
Model (FSM 2.0) initiatives. The OSDM comprises two standards: the Offline Model offering
standardized static data on European rail distribution, and the Online Model facilitating consistent real-
time booking and pricing across Europe. The team is presently encouraging adoption among European
rail stakeholders and collaborating with European standards bodies to ensure compatibility®*.

2.4 Structure of the document

This section states how the document is organised providing the necessary background and building
on it by the initial capture of standardization needs (section 2.3). Nevertheless, it is important to
highlight again that the need of new or amended standard was not possible now as this deliverable is
presented in M3 of the project and the consortium members need to elaborate on i) the solution’s
architecture ii) its Key Performance Indicators and iii) the standards that will be implemented expect
of the standards implemented for the transport data. Additionally, section 3.4 reasons the complexity
to create a new data standard or amend an existing one.

2.5 Glossary of terms

This section identifies terms and their definition and shall include the reference to the source of the
definition. However, there is not applicable in this version of STAND.

2.6 List of Acronyms

Acronym Definition
AIDM Airline Industry Data Model
AIDX Aviation Information Data Exchange

13 https://www.iata.org/en/programs/passenger/passenger-facilitation/passenger-data/

14 https://wiki.lafabriquedesmobilites.fr/wiki/OSDM_(_Open_Sales_and_Distribution_Model

38 © —2023-SESAR 3JU
Approved




D2.2 — STANDARDISATION (STAND) - INITIAL

4
S Co-funded by
B i the European Union

JOINT UNDERTAKING

AIRIMP Airline Industry Reservations Interline Message Procedures
AMDB Aerodrome Mapping Database

AMXM Aerodrome Mapping Exchange Model

API Advance Passenger Information

ATM Air Traffic Management

AVL Automatic Vehicle Location

BIX Baggage Information Exchange

CEN European Committee for Standardization
CONOPS Concept of Operations

CR Change Request

CRS Central Reservation System

DATEX Data Exchange for Traffic Telematics
E-ATMS European Air Traffic Management System
EDI Electronic Data Interchange

FAA Federal Aviation Administration

FIXM Flight Information Exchange Model

FTI&U Fast Track Innovation and Uptake

GDS Global Distribution System

GIS Geographic Information System

GTFS General Transit Feed Specification

IATA International Air Transport Association
ICAO International Civil Aviation Organization
KPA Key Performance Area

NDC New Distribution Capacity

NeTEx Network Timetable Exchange

0GC Open Geospatial Consortium

ol Operational Improvement

OSDM Open Sales and Distribution Model

PADIS Passenger and Airport Data Interchange Standards
PIRM Programme Information Reference Model
PNR Passenger Name Record

REG Regulatory deliverable

SIRI Service Interface for Real-time Information
SIu SESAR Joint Undertaking (Agency of the European Commission)

© —2023-SESAR 3JU
Approved

39



Ebimion 00.01

»
Sesa ‘d P Co-funded by
A the European Union

JOINT UNDERTAKING

SPR-INTEROP/OSED

Safety  Performance Requirement-Interoperability ~Requirements/Operational

Service Environment Description

SSIM

Standard Schedules Information Manual

SSR Special Service Request

TS/IRS Technical Specification/Interface Requirement Specification
vic International union of railways

XML Extensible Markup Language

40

Table 20: List of acronyms
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3 Standardisation needs capture

3.1 Need a new or amended Standard(s)

Although it is difficult to capture at this initial version the standardization needs, the following
paragraphs intent to link the goals of data sharing agreements and/or smart contracts with
standardisation needs envisioning and outlining the challenges of such activities.

Considering the objective of the SIGN-AIR which is to allow TSPs to generate and monitor data sharing
agreement and smart contracts we list and explain the potential standards amendments based on the
data sharing goals that can be facilitated by SIGN-AIR platform. All the SIGN-AIR’s contracts goals, such
as single ticketing, coordinated timetables, optimised use of resources, increase passenger on demand
services, increase access to passengers with reduced mobility (PRMs), disruption management and
passenger and finally digitalization, harmonisation and standardization of data relate directly or
indirectly to data standards of one or more transportation sectors. To identify whether a new standard
should be created or an existing should be amended, closer examination is required which is presented
below.

3.2 Objectives to be achieved

G1. Single Ticketing refers to a system implemented at different geographical levels, such as city or
metropolitan areas (for instance, T-Mobilitat in Barcelona, ATHENA in Athens, MOBIB in Brussels, and
VIVA VIAGEM in Lisbon). It can also be established at the country level, like the OV-Chipkaart in the
Netherlands or the upcoming Ovpay ticketing system. Moreover, certain implementations extend this
idea to an international level, for example, SNCF-Air France, Austrian Airlines-OBB, and Lufthansa-DB.
The objective of SIGN-AIR is to expand this concept to include various transportation modes,
encouraging a greater shift towards using public transport options. In order to answer to the
requirement of single ticketing, clear understanding of how existing operators handle the ticketing part
in terms of technologies, standards is required. Steps towards the direction of connecting a passenger
ticket to other services is being achieved with the use of NDC regarding air travel. With a correct
implementation mechanism, other modes of travel could possibly be merged inside the NDC exchange
standard therefore allowing the single ticketing goal.

G2. Coordinated timetables have been partially achieved through pairing different transportation
modes, but full and comprehensive coordination is still lacking. The SIGN-AIR initiative seeks to address
this by extending coordinated timetables to include multiple transportation modes, thereby reducing
passengers' waiting times during mode transitions. This improvement will also have an indirect impact
on the capacity and throughput of the overall transportation system. To achieve the Coordination and
synchronisation of different modes of travel, three vital sources of information must be identified: (1)
the provision of all the required and validated timetabled data, (2) the real time updates of each
operating vehicle — in order to correct if needed an unplanned delay and finally (3) the collection and
storage of historic data, which will then provide insight regarding the final “fine tuning” of the original
timetables, focusing in the best passenger information possible.

G3. To enhance the operation of hubs like airports and train stations, managers currently make
decisions about the number of check-in and luggage drop-off counters based on predetermined
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timetables. However, if real-time information about the exact arrival of passengers from public
transportation (PT) is exchanged, these decisions could be more precise. Conversely, PT operators rely
on frequency schedules and lack knowledge about when passengers are ready to leave the airport
after claiming their luggage. SIGN-AIR aims to bridge this gap by facilitating the exchange of data,
allowing both parties to access timely and relevant information for better resource optimization. As
seen previously in the brief analysis of data standards in aviation, the capability to exchange data
required to tackle the issue of optimization of resources at an airport. The main problem that needs to
be addressed is the specification of a flow of data that will make this information available to the target
airport so that it can then correct allocate the needed resources.

G4. To enhance passenger on-demand services at airports, the current taxi system relies on on-site
and situational factors. For example, if there is a queue, the airport staff may call for more taxis to
meet the demand. The SIGN-AIR initiative aims to improve these services by providing transport-on-
demand providers with more accurate information about the number of arriving passengers. It will
also enable the combination of rides for passengers heading to the same or similar destinations.
Moreover, a similar approach could be applied to transport passengers to the airport. This could
potentially lead to a reduction in the number of cars congesting the access roads to the airport. In the
conducted research so far, no data standard was identified regarding the automatic exchange of
information required in order to coordinate the taxi system of the arriving airport in a passenger’s
journey. This implies the possibility that there is room for improvement in the task at hand. The SIGN-
AIR platform, can be designed in a manner so that the correct handle of such information would be
possible. A platform where passengers via the single ticket they have purchased, notify, and allocate
the correct cab driver in order to collect them.

G5. Another objective of SIGN-AIR’s contracts is to enhance accessibility for passengers with reduced
mobility (PRMs). While airlines currently have established protocols to assist PRMs, transitioning
between different modes of transport remains challenging, and sometimes even impossible for them.
SIGN-AIR seeks to address this issue by promoting the exchange of information, enabling PRMs to have
a more seamless and accommodating transportation experience. Passengers with mobility limitation
must be taken into account very seriously. A vital role in order to achieve an enhancement in the
accessibility for such passengers lies in the recent advancements in indoor mapping technology. A fully
mapped airport layout containing all the source data needed in order to capture the passenger walking
travel times, routes to follow, audio — visual information that is also updated dynamically via changes
in the initial location of arriving and departing gates will provide a good starting point, which can then
be extended further by other data standards such as NeTEx which are able to handle the different
passenger limitations.

G6. Disruption management and passenger rights are well-addressed by full-service airlines and, in
some cases, intercity railways with their respective recommendations in the event of disruptions.
However, the challenge arises in multimodal trips, where the lack of agreements between various
parties and cross-data integration makes it more difficult to provide seamless solutions. To tackle this
issue, SIGN-AIR aims to thoroughly analyse and improve passengers' rights within multimodal chains,
specifically focusing on the case of disruptions. By doing so, the initiative aims to ensure that
passengers' rights are upheld and enhanced throughout their entire journey. Via the Smart contracts
framework proposed in the SIGN AIR project, disruption management will be possible since each party
has to agree to that in order to finalize the contract.
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G7. The process of digitalization, harmonization, and standardization of data presents challenges as
numerous Transportation Service Providers (TSPs) lack data in suitable formats or standards that can
be easily shared. In response to this issue, SIGN-AIR seeks to offer guidelines and establish connections
with crucial tools. These measures enable TSPs to facilitate data exchange beyond the SIGN-AIR
platform while taking into account existing standards and European policies. The SESAR solution should
be able to handle via TransiTool the generation of data of operators who do not have the technical
knowledge to implement the data standards internally, so that they can finally be standardized and
harmonized.

3.3 Expected benefits?

Below are the benefits of implementing each of the initiatives (G1-G7) as part of the SIGN-AIR project:
G1. Single Ticketing:

e Simplified Travel: Implementing a single ticketing system allows passengers to use various
transportation modes seamlessly, eliminating the need for separate tickets and payments for
each leg of the journey.

e Increased Public Transport Use: By encouraging a shift towards public transport options, single
ticketing can lead to reduced reliance on private vehicles and, consequently, reduced traffic
congestion and emissions.

e Interoperability: The integration of different transportation modes under a single ticketing
system requires standardization and interoperability, which can lead to improved coordination
and efficiency across the entire transportation network.

G2. Coordinated Timetables:

e Reduced Waiting Times: Coordinating timetables across different transportation modes can
minimize waiting times during mode transitions, providing a more convenient and efficient
travel experience for passengers.

e Increased Capacity and Throughput: Better coordination can optimize the use of infrastructure
and resources, leading to increased capacity and throughput of the overall transportation
system.

e Improved Passenger Information: Timely and accurate timetabled data, real-time updates, and
historical data help provide passengers with reliable and up-to-date information, leading to
better travel planning.

G3. Optimization of Hubs (Airports and Train Stations):

e Precise Resource Allocation: Real-time data exchange between public transportation
operators and airport/train station managers enables better decision-making for resource
allocation, leading to more efficient operations and enhanced passenger services.

e Streamlined Passenger Flow: By coordinating public transportation schedules with the arrival
and departure times at hubs, passenger flow can be better managed, reducing congestion and
delays.
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G4. Enhanced Passenger On-Demand Services:

e Improved Taxi Services: Providing transport-on-demand providers with accurate information
about the number of arriving passengers allows for better taxi dispatching, reducing wait times
and improving the overall passenger experience.

e Reduced Congestion: Combining rides for passengers heading to similar destinations can lead
to fewer individual taxi trips, reducing congestion on access roads to the airport.

e Environmental Benefits: Reduced congestion and more efficient taxi services can contribute
to lower emissions and a greener transportation system.

G5. Accessibility for Passengers with Reduced Mobility (PRMs):

e Seamless Travel Experience: The exchange of information between different transportation
modes and the use of indoor mapping technology can make travel more accessible and
accommodating for passengers with reduced mobility.

e Inclusive Transportation: By addressing the challenges faced by PRMs during mode transitions,
SIGN-AIR promotes inclusive transportation, ensuring that all passengers can use the
transportation network with ease.

G6. Disruption Management and Passenger Rights:

e Consistent Passenger Rights: Thoroughly analysing and improving passengers' rights within
multimodal chains ensures that passengers are informed about their rights and receive
appropriate assistance in the event of disruptions.

e Seamless Solutions: By addressing the lack of agreements and cross-data integration between
various transportation parties, SIGN-AIR aims to provide seamless solutions for passengers
facing disruptions during their journeys.

G7. Digitalization, Harmonization, and Standardization of Data:

e Improved Data Sharing: By offering guidelines and establishing connections with crucial tools,
SIGN-AIR facilitates data exchange between Transportation Service Providers (TSPs) beyond
the platform, leading to improved collaboration and efficiency.

e Adherence to Standards: Encouraging TSPs to adhere to existing standards and European
policies ensures data compatibility and consistency, promoting a more unified and
interconnected transportation network.

Overall, the implementation of these initiatives as part of the SIGN-AIR project can lead to a more
efficient, seamless, and user-friendly multimodal transportation system, benefiting both passengers
and transportation service providers.

3.4 ldentification of amended or new Standard(s)
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Deciding whether to create a new data standard or amend an existing one is a complex task that
requires careful consideration of various factors. The difficulty in making this decision arises from
several key challenges and considerations, presented below.

Compatibility and Interoperability: An essential aspect of any data standard is its ability to work
cohesively with other existing standards and systems. Creating a new data standard could lead to
compatibility issues with already established standards, potentially creating data silos and hindering
data exchange between different stakeholders. On the other hand, amending an existing standard
requires careful analysis of its impact on the current ecosystem, ensuring backward compatibility and
smooth transition.

Stakeholder Alignment: Data standards involve multiple stakeholders, including government agencies,
private companies, industry associations, and end-users. Each stakeholder may have different
requirements, preferences, and vested interests. Deciding on a new standard or amendments requires
aligning the diverse needs and finding common ground, which can be challenging and time-consuming.

Industry Acceptance and Adoption: The success of any data standard depends on its widespread
acceptance and adoption by relevant industry players. Creating a new standard from scratch may face
resistance from those already invested in existing systems. Conversely, amending an existing standard
may require convincing stakeholders of the need for changes and overcoming inertia towards adopting
new versions.

Time and Resources: Both creating a new standard and amending an existing one require significant
time, effort, and resources. Developing a new standard involves research, testing, and validation, while
amending an existing standard requires rigorous analysis and impact assessment. Deciding which path
to take requires evaluating the available resources and understanding the potential risks and benefits
of each approach.

Long-term Viability: Data standards should have longevity and adaptability to changing technological
and industry trends. Creating a new standard could potentially lead to challenges in its long-term
viability and relevance, especially if technological advancements outpace the standard's capabilities.
Amending an existing standard requires careful consideration of its flexibility and potential for
evolution to meet future needs.

Governance and Maintenance: Both creating and amending data standards require effective
governance and ongoing maintenance. A new standard needs to establish a governing body and
processes to ensure continuous development and updates. Similarly, amending an existing standard
requires a governance framework that can handle versioning and ongoing maintenance.

Impact on Current Implementations: Decisions about data standards must consider the impact on
existing implementations and systems. Creating a new standard could require substantial
modifications to current infrastructures, whereas amending an existing standard may necessitate
updates and adaptations to align with the changes.

In summary, the decision to create a new data standard or amend an existing one involves weighing
technical, organizational, and industry factors. It requires a comprehensive understanding of the
current landscape, stakeholder needs, and long-term goals to ensure that the chosen path leads to a
cohesive, efficient, and widely adopted solution.

© —2023-SESAR 3JU 45
Approved



Epimion 00.01

Co-funded by
the European Union

sesar’

JOINT UNDERTAKING

Considering the infancy of the project, it's pertinent to acknowledge the potential gaps in the
understanding and adoption of standards among operators. Pilots and expert opinions will play a
pivotal role in gauging the efficacy of the SIGN-AIR platform. The document recognizes the need for
thoughtful knowledge sharing to enhance the platform's development and ensure its alighment with
industry standards. As the project advances and development deliverables are unveiled, a clearer
picture will emerge, allowing for more precise activities, refined scope, and a deeper understanding of
potential limitations.

3.5 Technical development support

At this stage the identification of proposed standards development is not clearly defined, hence we
are not able to cross reference a respective technical deliverable.
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4 Appendix A

(For SESAR solutions up to TRL6, please provide a high-level summary of the activities mentioned in section jError!
No se encuentra el origen de la referencia., the standards referenced in section jError! No se encuentra el origen
de la referencia.4.1 (Applicable documents) and either the current standard developments or references to on-
going material.

For SESAR solutions under demonstration (i.e. either at TRL7 for FT&IU projects or at TRL8 for DSD projects),
please provide a high-level summary of the draft standard material (TRL7) or the final standard material (TRLS).)

Not applicable at the moment for SIGN-AIR.
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5 Appendix B
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Not applicable for SIGN-AIR at the moment
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6 Reference documents

[1] SESAR (2022), SESAR 3 Joint Undertaking Project Handbook, Programme Execution
Framework, available at
https://www.sesarju.eu/sites/default/files/documents/projects/SESAR3ProjectHandbook.pdf.

[2] [101114845] [SIGN-AIR] Grant Agreement, [07/06/2023].

[3] IATA SSIM avaliable at https://www.iata.org/en/publications/store/standard-schedules-
information/
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