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The Network Manager (NM) has a central role in collecting, 

processing and distributing digital ATM information in Europe. 

The Internet is giving access to a vast amount of digital 

information, transforming the way we live and bringing 

enormous business opportunities. The European Commission 

(EC), aiming to foster innovation and economic growth, 

defined a Digital Agenda for Europe, which leverages the 

digital information market. The new EC Aviation Strategy 

draws upon the policies and priorities of the Digital Agenda 

to boost the growth of the European aviation sector. Digital 

transformation already happened or happens rapidly in other 

parts of the world.

NM is fully aligned with the European Aviation Strategy and 

with the Digital Agenda, by making the ATM data widely 

available and by promoting interoperability based on open 

standards.

Interoperability in ATM is crucial to achieve the levels of 

integration required to reach the objectives of the Single 

European Sky, enabling building a system of systems of all 

stakeholders, across borders and organisations and bringing 

benefits for the overall ATM community and, in the end, for the 

citizens in general.

This document proposes an NM interoperability vision and 

strategy, aiming at the adoption of open data in ATM, enabling 

true information sharing and supporting the creation of an 

ATM digital collaborative environment with its stakeholders 

and customers, leading to a more performant ATM system.
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Open APIs create new business opportunities for 

organisations that will use the unlocked data in innovative 

ways to create new services, new products, to compete in the 

API ecosystem. In this ecosystem, any partner publishes and 

consumes APIs to create value for the overall community – this 

is called “API Economy1” or “Give, Take, Multiply” according to 

Gartner [7].

Therefore, open APIs extend the reach of the organisation’s 

assets, promoting reusability and sharing. With open APIs new 

business models2 emerge, as new partners are reached and 

new ways of working with the partners are used. 

Open APIs fuel creativity, innovation and growth. What used 

to be a technical concept is now a business enabler and an 

integral part of the business strategy of an increasing number 

of organisations around the world.

Open APIs, using main stream Web standards, improve the 

organisation cost efficiency by reducing both the development 

and operational costs of services. This cost reduction is due to 

the availability in the market of many products, mostly open-

source, and due to the existence of a high number of potential 

industry providers, creating competition and reducing prices.

The digital transformation is bringing benefits and also new 

risks. Increasingly relying on Internet based systems and 

products exposes businesses to cyber-attacks. Secure access 

to data and protection against cybercrime is a responsibility 

of the actors in the digital market, bringing trust to the system. 

Information security must be one of the strategic objectives of 

any organisation managing and providing digital information. 

The standard ISO/IEC 27001 – Information Security Management 

[8] provides a comprehensive framework that applies a risk 

management process and includes people, processes and IT 

systems. Compliance with this standard is becoming a market 

differentiator, as it establishes credibility and trust.

The world is becoming digital.  The mass adoption 

ofdigitisation of products, value chains and business 

models is a digital revolution, impacting all business areas 

and organisations. The effects of this digitized world are 

omnipresent, access to the digital information anytime, 

anywhere, with any device, is available to all. 

The digital transformation is enabled by several main factors: 

the Internet - now ubiquitous, open data policies, open 

interfaces and open source technologies.

Open Data is free publicly available data, and is what 

brings value to the Internet. Data can be consumed by the 

general public, increasing knowledge levels, or be used by 

organisations to create value-added services.

Understanding the contribution to economic growth, 

national governments and the European Commission defined 

digital strategies and set-up initiatives for the adoption and 

promotion of open data and interfaces [1], [2], [3]. In particular 

the European Commission defined a Digital Agenda “to better 

exploit the potential of Information and Communication 

Technologies (ICTs) in order to foster innovation, economic 

growth and progress” and set-up a Digital Single Market 

Strategy [4], which promotes the free flow of data for 

“maximising the growth potential of the digital economy”.

At a global level the G8 signed, already in 2013, an Open Data 

Charter [5].

Application Programming Interfaces (APIs) are software 

interfaces that allow implementing, in a programmatic way, 

access to services and information exchange between systems 

of disparate organisations. Open Interfaces or Open APIs refer 

to APIs that are publicly available over the Web, thus allowing 

proprietary data and services to become widely accessible.
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1 A good article about the API economy published by Deloitte can be found in [6].
 Gartner uses another term for the same concept: “The economics of connections” [7]

2 “Today, APIs are the new must-have for business, representing the future of customer and community engagement with far broader implications
 than traditional Web-based business models”, Roberto Medrano, Executive VP of SOA Software at Forbes, 2012.
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Automatic exchange of digital information is the enabler 

for supporting network-wide collaborative processes, 

as the stakeholders can seamlessly integrate the available 

services within their own processes and tools, creating a 

digital collaborative environment and increasing business 

effectiveness.

The wide and automatic information exchange has two 

inherent characteristics that result in significant benefits. The 

first one is data quality, as it eliminates data entry errors, since 

data is automatically transferred from one system to the other. 

The second is timeliness, as data is almost instantaneously 

available to all, enhancing the speed of decision making 

and allowing an early and more efficient reactivity of the 

ATM network. The increased common and timely situational 

awareness results in better and more efficient planning and 

execution, as well as increased safety.

Additionally, the automatic exchange of information brings 

benefits in terms of simplification of processes and 

eliminates the need to develop and maintain user interfaces 

to enter the data3. All these aspects contribute to increase the 

cost-efficiency of the ATM system.

While eliminating the human in the loop for robotic tasks, the 

automatic information sharing allows for high level processes 

to be introduced (such as what-if, cross border measures, 

impact assessment, scenario management, etc.) bringing 

back the human in the loop for well-informed Collaborative 

Decision Making,  which pushes forward optimisation of ATM 

operations.

Additionally, using open APIs for ATM information sharing 

contributes to the growth of the ATM ecosystem, both in 

operational terms – developing aviation connectivity within 

and beyond Europe – and in economic terms – creating value 

for the user community, therefore nurturing the European 

economy and bringing positive societal impacts. 

2 THE INFORMATION SHARING LEVER IN ATM 

3 User interfaces are one of the most costly components of a system and one that requires more frequent changes, due to the technological evolutions
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ATM is historically a closed community, with its own standards 

and closed systems operated over private networks, built on 

paradigms and technologies dating back from the mid-20th 

century, like the AFTN. The ongoing migration from AFTN to 

AMHS4 does not improve the situation, as the communication 

paradigm remains the same (messaging), not addressing the 

need for real time complex data exchanges and interactions, 

as required to modernise ATM.

However, the landscape is changing, and ATM modernisation 

initiatives are in place since a few years, relying on digital 

processes and system interoperability, pushing ATM 

stakeholders to move forward, for the benefit of the airspace 

users and ultimately the passenger.

The vision for ATM defined by ICAO – as published in 2005 in the 

Global ATM Operational Concept document [9] is: “To achieve 

an interoperable global air traffic management system”. One 

of the key performance improvement areas of the ICAO Global 

Air Navigation Plan [10] is dedicated to “Globally Interoperable 

Systems and Data – through globally interoperable System 

Wide Information Management”. 

The Single European Sky initiative has adapted this vision to 

the European context, and considers ATM interoperability as 

an essential enabler for defragmenting Air Navigation Services 

provision in Europe. 

The European ATM Master Plan [11] also states the aim to 

achieve ATM interoperability, e.g., “to promote and ensure 

interoperability at global level, in particular in the context of 

ICAO”.

The ATFM IR defines the data exchange between the ATS Units 

and NM and between Airports and NM, and entrusts NM to 

make all information available free of charge, within the ATM 

community. 

The PCP IR defines the obligations of the European ATM 

stakeholders to implement the SESAR Deployment 

Programme, including ATM interoperability.

Similarly, in the United States, the FAA NextGen programme 

[12] identifies global information management as an enabler 

for ATM system modernisation and optimisation.

Recently the European Commission published the European 

Aviation Strategy [13], which relies on the use of state-of-

the art technologies for “achieving a highly automated and 

interconnected aviation sector where new ICT tools and 

services facilitate data exchange and decision-making” and is 

based largely on the free flow of data initiative of the Digital 

Single Market.

The different ATM initiatives rely on System Wide Information 

Management (SWIM) [14], [15] to support the new 

operational concepts. SWIM is basically a set of capabilities 

enabling seamless and timely information sharing between 

systems through interoperable services in a secured digital 

environment. Two main SWIM profiles have been defined by 

SESAR: Yellow Profile and Blue Profile.

3 ATM INTEROPERABILITY INITIATIVES  

4 “Considering that AMHS is based on an outdated technology, lack of expert resource, higher cost of operations and maintenance is expected”, from
 “AMHS – Current and Future” presentation done by SITA at the Performance Based Communication Technology Seminar at Rabat, 2009.
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The SWIM Yellow Profile is based on open standards and 

low cost main stream technologies, supporting any kind of 

information exchange. This is key to address the issue of closed 

ATM systems and proprietary interfaces. By relying on an open 

architecture, open standards and main stream technologies 

the costs of achieving interoperability are significantly 

reduced. Adopting these principles opens the market to non-

traditional industry providers, increasing competition and 

reducing the costs of ATM systems development.

The SWIM Blue Profile addresses the real-time flight data 

exchange between ATC systems in Europe, supported by the 

EUROCAE ED133 – Flight Object Interoperability Specification 

[16]. The concept relies on achieving consistent information 

between ATC centres by means of a shared Flight Object 

(FO) per flight within the Flight Object network. Due to the 

complexity of both the concept and the technologies of this 

Profile and also due to the limited number of industry providers, 

as this is not main stream technology, it is expected that the 

investment costs are high and that the full implementation 

across the European airspace will be done over a long period 

of time.

Global interoperability is only envisaged with the SWIM Yellow 

Profile, since it is the only profile supported by FAA NextGen, 

and the only one affordable to third countries. The Blue Profile 

will remain a European specificity.

In spite of all these initiatives, only few ATM Service providers 

have understood how the digital revolution also concerns 

them and the benefits it will bring, both in effectiveness and 

efficiency. The Airlines, on the other hand, constantly under 

pressure by competition, are forced to embrace the digital 

revolution and are accelerating technology adoption as a 

matter of survival.
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Flight Plan Validation
Route Generation

Airspace Management Service in AIXM 5.1 (FUA)
Airspace Data in AIXM 5.1 (AS, AD, PT, RT, UT)

Restrictions in AIXM 5.1
SESAR: 4D Trajectory Exchange

Flight Plan Filing & Management

Support ICAO 2012

Dynamic Airspace Availability in AIXM 5.1 (e-AIM)
ATFCM Regulations (ANM)
ATFCM Information Message (AIM)

Airspace Live Updates AIXM 5.1
ATFCM Regulations publication

Airspace data in AIXM 5.1: TV, TZ,FW, RL
ATFCM tactical updates
Counts publication
Regulations, Airspace and AIM via Pub/Sub
e-AMI via Pub/Sub
SESAR: Hotspot & measure mng, M-CDM
Network Impact Assessment

FPL distr via Pub/Sub
Flight updates via Pub/Sub
DPI-Departure Planning Info
ATFCM tact. Upd in Pub/Sub
EFPL validation & �ling
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4.1  NM INTEROPERABILITY TODAY 

The Network Manager implements the functions entrusted 

by the European Commission.  Amongst other things this 

means data collection, consolidation and integration to 

build a continuously updated comprehensive Network 

View. This consolidated picture, reflecting the up to date 

network situation and context, is then made available via 

open interfaces using Internet technologies to operational 

stakeholders, as identified in the NMF IR and ATFM IR, enabling 

their various functions and services, and supporting the 

collaborative decision making processes at network level.

Additionally NM supports all its stakeholders by exchanging 

data with them in many different ways. This has significant 

added value in enabling smooth stakeholder’s transitions, like 

was the case in the transition to ICAO 20125.

4.2  MESSAGING

Most data exchanges in ATM are using messaging technologies 

(e.g., AFTN, AMHS). NM continues to use these technologies 

for interfacing with the ATM systems to exchange flight and 

flow messages, in support of the stakeholders’ transition to 

new technologies.

4.3  NM B2B6 WEB SERVICES

NM has been evolving its systems towards Service Oriented 

Architecture (SOA), in order to reduce costs, increase 

responsiveness to change, and facilitate interoperability 

with external systems with the ultimate goal of building an 

ATM digital collaborative environment, based on Internet 

technologies.

4 NM INTEROPERABILITY TODAY  

5 NM is still supporting translation to old format for some ANSPs that did not yet migrate to FPL 2012.
6 The term B2B, Business-to-Business, used in this context means automatic system-to-system information exchange. In a way it is an abuse of
 terminology intended to simplify the speech.

NM B2B
WEB SERVICES



4.4  EMERGING CONCEPTS

4.4.1  FF-ICE
Flight and Flow Information for a Collaborative Environment 

[18] is part of the ICAO Global ATM Concept and ”envisages an 

integrated, harmonised and globally interoperable system for 

all users in all phases of flight”. 

FF-ICE is relying on SWIM to ensure timeliness and accuracy 

in the exchange of complex flight and flow information, 

which is modelled in XML through the Flight Information 

Exchange Model (FIXM). In order to reach “all users” at a global 

scale, the implementation will be done with the SWIM Yellow 

Profile. Implementation with SWIM Blue Profile is possible for 

European ATC Centres.

ICAO recognises the global impact of this new concept, and, 

contrary to what was done with the ICAO 2012 migration (all 

at once7), it foresees a progressive migration to FF-ICE over 

several years, with an end date for full implementation defined 

for 2028. As part of this transition, ICAO defines the migration 

plan from the legacy AFTN/AMHS to SWIM in [19].

NM has been involved in the FF-ICE initiative and in the FIXM 

definition and has plans to start providing B2B Web Services 

based on FIXM v4, as soon as it becomes available, possibly 

in 2017.

4.4.2  ED-133 – FLIGHT OBJECT
The current version of ED-133 specification addresses only 

ATC-ATC communication. NM has been participating in 

prototyping activities within the SESAR programme and in 

standardisation activities as part of EUROCAE WG59, aiming to 

include the NM role in the standard and to contribute, with its 

As part of the SOA roadmap, since 2009, NM is operating web 

services supporting automatic system-to-system information 

exchange with its operational partners: the so-called ‘NM B2B 

Web Services’. The NM B2B Web Services were recognised by 

the ATM community as SWIM pioneer [18], and this pioneer 

work had a strong influence on definition of the SWIM Yellow 

Profile itself.

NM was also a pioneer in the operational deployment of AIXM 

5.1, offering in 2010 the first operational service in AIXM 5.1. 

Since then most of the airspace data of the NM flight and flow 

systems is made available in AIXM 5.1, enabling airspace users 

to create flight plans using the same data as NM, contributing 

to increase flight plan data quality and, as a consequence, to 

increase the rate of successful automatic flight plan processing.

Access to NM B2B Services is subject to service agreements and 

follows strict processes of authentication and authorisation. 

Information is provided securely according to those 

agreements and an exhaustive audit trail is kept, allowing 

forensic investigations, if needed.

The NM B2B services are standard Web based interfaces, SWIM 

Yellow Profile compliant, currently accessible via the public 

Internet and shortly via PENS. These services are mainly used 

by companies that have already made Internet the basis of 

their business, which is the case of the Airspace Users and of 

many other small companies that gravitate around Aviation in 

general, but also airports and some technologically advanced 

ANSPs.

7 NM played a crucial role in this migration, by bridging between airspace users and service providers and decoupling their respective migrations,
 enabling in practice a progressive migration.
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NM operates Network Functions which are transversal by 

nature and involve exchange of information services with 

all operational actors in the Network. Building on its central 

position, NM sees its role as a facilitator of its operational 

partners’ initiatives for implementing interoperability.

Serving all stakeholders, the NM Interoperability Strategy 

supports multiple technologies, while favouring and 

promoting the migration to state-of-art main stream 

technologies. In this way, NM is able to support the progressive 

and desynchronised deployment of new technologies of its 

stakeholders, smoothening the transitions. NM plays then a 

bridge role, acting as a gateway that connects and integrates 

the different communities in the network.

The Network Strategy Plan 2015-2019 describes a Network 

Vision for 2020 where information sharing has a key role: 

“The European ATM Network will be supported by system 

wide information sharing of dynamic ATM information, 

serving all operational users’ needs and building on the SESAR 

developments.”

The NM strategy for implementing the Interoperability Vision 

is based on the adoption of open data, open APIs, open 

standards and widely used main stream technologies, mostly 

for cost efficiency reasons.

By managing network-wide information, NM is, de facto, in a 

position to open the ATM data and to be an active player in 

the API economy, allowing other organisations to leverage 

this data and to provide added value services to the ATM 

community and the society in general.

Observing the progress of interoperability from a global 

perspective, it is clear that the various ATM communities are 

evolving at different pace and in different ways, widening the 

technological gap between the more advanced ones and the 

more conservative ones.

5 NM INTEROPERABILITY VISION  

6 NM INTEROPERABILITY STRATEGY

AN OPEN ATM DIGITAL
COLLABORATIVE ENVIRONMENT

The NM Interoperability Vision statement is the following:
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Reinforce trust in digital services

9. Implement an information security management system 

(ISO 27001), defining policies, conducting risk assessment, 

and establishing security monitoring and management 

tools and procedures

10. Set-up a Security Operations Centre to monitor and 

manage security incidents

Interface NM / ATC systems

11. Reinforce the relationship between NM and ATC systems 

to further improve the ATFCM processes and the sharing 

of more consistent planning information with all involved 

actors

Support stakeholders’ transitions to new technologies

and concepts

12. Support the stakeholders in progressively and smoothly 

migrating to new technologies (mandated by PCP 

or ICAO), by keeping simultaneously old and new 

technologies during the transition of all stakeholders and 

remove old technologies when possible

The NM Interoperability Strategy is articulated 
around the following actions:

Influence standardisation

1. Contribute to the SWIM Yellow Profile evolution and 

standardisation and drive its implementation with 

operational partners

2. Contribute to the definition and validation of FIXM

 

3. Contribute to the definition and validation of the SWIM 

Blue Profile to improve the specification and establish the 

role of NM

4. Advise regulatory bodies on the optimum balance to be 

achieved between the setting up standards or technical 

specifications, with the purpose of enabling some 

flexibility in the practical implementation of interfaces, 

also taking into account cost effectiveness concerns

Lead implementation of open data

5. Deploy frequently new B2B Web Services, in line with the 

ATM Master Plan, the SESAR Deployment Plan and the NM 

Roadmap milestones, in order to allow building the ATM 

digital collaborative environment

6. Engage with the user community, by involving them 

in the definition of the technologies and services, by 

providing the quality of service required to create 

trust and trigger adoption, and by supporting them in 

successfully leveraging our APIs

7. Implement ICAO Global Air Navigation Plan and ensure 

interoperability between Europe and other Regions

8. Clarify the current NM service agreements and service 

charging policies
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Interoperability is at the heart of all ATM modernisation 

initiatives. NM supports the ATM community efforts in SWIM 

standardisation and adoption. But NM commits to go further:

 By supporting its operational partners in accelerating the 

implementation of interoperable services, to develop an 

efficient ATM digital collaborative environment in a safe 

and secure way

 By leading the adoption of open data and open APIs in 

ATM, therefore bringing value to the user community 

and the European citizens, and contributing to the 

modernisation and growth of the ATM ecosystem, fully in 

line with the European Aviation Strategy

Through this Interoperability Strategy, NM intends to achieve 

its mission more efficiently: “connecting the network to deliver 

improved performance”.

7 CONCLUSION  
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Abbreviations and acronyms used in this document are 

available in the EUROCONTROL Air Navigation Inter-site 

Acronym List (AIRIAL) which may be found here: 

http://www.eurocontrol.int/airial/definitionListInit.do?skipLo

gon=true&glossaryUid=AIRIAL
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