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Introduction

The NM systems architecture was defined more than 25 years ago and has been subject to several
evolutions. A significant step of modernisation of the NM system took place in the 2000 decade, with
the adoption of web technologies for exposing the NM services via web browser interfaces and web
services for system-to-system interoperability.
NM was pioneer in the implementation of SWIM, by means of the NM B2B Services, enabling the
digital transformation and integration of the ATM processes across organisations. Since then
hundreds of companies in Europe (and in the world) have been using the NM B2B Services to
connect to the NM systems and automate the business processes, eliminating text or voice based
exchanges over email, fax and phone. The benefits are many, from workload reduction (both for NM
and its users), to increased operational efficiency, data accuracy, timeliness and cost efficiency.
Furthermore, by making data available in digital form, NM is triggering creativity and innovation and
contributing to the growth of the aviation ecosystem both in operational terms – developing
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.
NM is now engaging in a second phase of modernisation, aiming to take a major leap in digital
transformation. This will allow the transformation of the business processes through the use of
today’s digital technologies capabilities, taking NM to an entirely different level of effectiveness.
One of the vectors of the business process transformation is the introduction of intelligence and
automation in real time, by the use of big data and machine learning technologies. This will augment
the human capabilities to a level otherwise not possible, allowing to anticipate problems and to
provide the best solutions, to timely plan and adjust in a seamless coordinated manner with all actors.
Integration with business partners through interoperability standards will continue, allowing to extend
to them the intelligent processes and leading to an optimised Network operations.
Digital transformation means also taking another perspective on the business model and looking at
new ways of bringing value to the organisation and to the community. The use of transformational
technologies brings new business avenues to explore, as it makes the organisation an actor in the
digital market.
For this second phase of modernisation, NM has initiated, end of 2016, an Architecture Study Project
(FUTARS Project), with a Steering Board at NMD management level. The project had four phases:


Phase I - Scope Definition: this phase identified the evolutions that the NM system will need to
support in the next years. Seven business workshops were organised with the participation of
business people from EUROCONTROL Directorates NMD, DECMA and MUAC. Twelve
technical brainstorming sessions were organised in NMD. The result of these workshops was a
list of 430 raw requirements.



Phase II - Problem Statement: this phase organised and consolidated the raw requirements
collected in Phase I and identified the elements in the requirements that constitute the main
drivers for change, highlighting the weaknesses of current architecture. The result was the
“Problem Statement” deliverable.



Phase III - Draft Architecture: this phase involved analysis of state-the-art technologies,
discussions with industry providers and literature review, specially in the areas of
transformational technologies (cloud, big data, machine learning). The problems identified in
Phase II were addressed and solutions proposed, which were subject of discussion and
approval at Steering Board level.



Phase IV - Final Architecture and Roadmap: this phase further elaborated and detailed the ideas
proposed in Phase III, delivering a “NM System Target Architecture” document, which describes
the overall target architecture, its principles, policies, technologies, key design mechanisms and
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components. This phase worked as well in the production of the implementation roadmap for
the new architecture, taking into account the resources and the capabilities of the organisation
to undertake such a big project, in order to build a feasible plan. This work resulted in a document
detailing the activities and estimates per domain and per topic over the timeframe of the project,
and in a “Roadmap” document explaining the roadmap and major milestones, including the
legacy decommissioning dates.
This document provides an executive, high-level view of the future architecture of the NM System. It
starts by introducing the rationale for a new architecture, with a description of the multiple drivers for
change, which vary from cost efficiency to innovation and new business capabilities. It lists the highlevel architecture principles used in decision-making and the main challenges faced by the new
architecture. It then presents the architecture, both from a business and a technical perspective.
The roadmap and the proposed implementation approach are summarised in the last section.

2

Scope

The scope of the new architecture is in the first place technical: the new architecture provides all
the means for the NM services to evolve smoothly and timely according to the business
requirements. Using cutting-edge technologies, the new architecture will ensure not only
performance and operational efficiency, but also the highest levels of safety, security and resilience.
The new architecture includes a technical framework and business applications. The technical
framework builds on the deliverables from the n-CONECT programme, and further extends it,
introducing the transformational technologies that will support the digital transformation of NM. The
business applications include the current NM applications and the support for the new business
capabilities derived from the ATM Master Plan and validated by SESAR, according to the Network
Strategy Plan. Alignment with the results of the ongoing SES/SESAR Airspace Architecture Study
will need to be ensured.
The new architecture will ensure that the technical debt and current design constraints are lifted, in
order to achieve an effective, efficient and state-of-the-art NM System. The Network Strategy Plan
will be updated taking benefit of the new technical enablers.
In line with IT industry practices, the new system will be built by either re-engineering existing
algorithms, developing new software, or taking benefits from existing market solutions.
The roadmap will ensure that the inconvenience for the NM users is minimised during the transition
to the new systems, including the decommissioning of obsolete technology and related applications.

3

Architecture Drivers

There are numerous drivers for changing the Network Manager architecture, both of technical and
business nature.

Figure 1 Architecture drivers
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Figure 1 illustrates the architecture drivers, which are all the factors that have a significant impact on
the architecture, including not only requirements, but also constraints that impact architecture.

3.1

Technical Debt

The “technical debt” results from the need to maintain mission critical operational systems based on
old technologies, as well as from the accumulation of technical shortcuts and approximations that
are taken over time and that have an ever-growing impact on the capability of an organisation to
keep responding to the business needs. Eventually, the amplitude of the technical debt may
jeopardise the business continuity.
Paradoxically, the technical debt often results from the wish of keeping pace with innovations,
experimenting quickly and successfully with new technologies, without taking the time to invest in
consolidation and product industrialisation, typically, because the resources required to do so are
allocated to other higher priority / value tasks.
The main requirements for lifting the technical debt are related to:


Application lifecycle management processes and tools: use new methods, technologies and
tools to manage the application lifecycle, such as DevOps, allowing a shorter time to market, in
a controlled and regulated environment



Service-oriented architecture (SOA): extend the use of SOA principles throughout the overall
NM System



Rationalisation of the architecture: minimise technical diversity, focus on modularity,
homogeneity, eliminate duplication and reduce complexity



Service management: support formalisation and enforcement of SLAs, business activity
monitoring and reporting, better insight of user activities in support of CRM, support for potential
monetisation of services, introduce delegated administration in access and identity management
to reduce workload



Fault-tolerance: improve the way the NM System survives to faults, with some acceptable
levels of service degradation; allow for live contingency rehearsals



Technologies: remove old technologies and use of state-of-the-art technologies and COTS
products.

3.2

Innovation

The new architecture is aimed at introducing a major step in the digital transformation of NM, which
is achieved through innovation and the use of transformational technologies.
In this area, the following architecture requirements were defined:


Web: the NM System will offer human interfaces that are based on industrial web technologies,
capable of render services in multiple types of devices, location independent, supporting mobility



API economy: the NM System will offer machine-to-machine interfaces to its services based on
low cost main stream web based technologies and take advantage of the value chain to lower
cost for users



Big data and predictive analysis: these technologies will be used to a great extent to support
the new business capabilities and to improve process automation



Machine learning, artificial intelligence and business intelligence: exploring the knowledge
buried in the NM databases to build behaviour patterns and using inference mechanisms to
create new knowledge, providing in that way “expert” advice to the human and empowering him
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Cloud technologies: exploit the cloud-ready technologies in all areas of the software
development lifecycle, to achieve infrastructure independency and to make it possible to
develop, test and deploy the NM System in the cloud, improving cost efficiency and also
scalability and fault-tolerance of the NM services



Cyber–security: the NM System security processes (including cyber-security) will be integrated
in the overall NM security management processes; cyber-security tools and processes for
prevention, detection, mitigation and repair will be included in the design, implementation,
deployment and operations of the NM System.

3.3

New Business Capabilities

The new business capabilities are related mainly to the new/evolving concepts of operations in the
areas of trajectory-based operations, cooperative traffic management and collaborative
network management.
Trajectory based operations (TBO) requires the use of 4D Trajectory to be the basis of all activities
by all actors, initially in Europe with the (Pilot) Common Projects deployment, and, eventually,
worldwide with the ICAO FF-ICE deployment, being enabled by trajectory sharing mechanisms.
TBO introduces much more dynamic and interrelated flight planning and ATFCM processes and
implies a much closer relationship between all actors in the management of the flight (AO, ATC,
FMP, NM, Airport).
Cooperative traffic management and collaborative network management bring together the different
actors contributing to the overall network planning and execution. Integration of local processes
within the overall network planning, requires the sharing of an accurate and always up-to-date picture
of the network situation with all actors and very dynamic processes, with a solid and effective support
to network impact assessment, enabling the collaborative decision making.
Further expansion of the Free Route Airspace across Europe is a challenge, which has triggered
the emergence of new ideas on how to manage the flows of traffic.
Further development of the Flexible Use of Airspace concept is increasingly making more airspace
available at very short notice for the airspace users. Evolution to a fully dynamic airspace definition,
adapting to the needs of the airspace users is on its way.
These overall business evolutions have an impact on the NM System. Not all capabilities have the
same level impact; some are easier to implement, others not. In order to support these new business
capabilities the following architecture requirements were identified:


Consistent flight view and consistent flight behavior: the NM System will have a single
representation of a flight during the whole flight lifecycle (from intention to termination)



Consolidated 4D trajectory reference: the NM System will take the different
constraints/preferences from AOs and ANSPs and build, negotiate and distribute a consolidated
reference 4D trajectory



More dynamicity in airspace definition, adapting it to the utilisation: the NM System will
support the capability to adapt (including in the tactical phase) the airspace definition according
to its utilisation



Flow Management evolution: the slot allocation algorithm, CASA (Computer-Aided Slot
Allocation), needs to change to take into account occupancy counts and complexity, integrate
short-term ATFM measures by ANSPs, be able to reconcile constraints from ATC, airports (TTA)
and the preferences of the airspace users, including fleet delay apportionment and selective
flight protection; evolution of the airspace data model to support improved flow management is
also required (e.g., convergence of Traffic Volume and Restriction concepts and possibly results
from the SES/SESAR Airspace Architecture Study).

Edition Validity Date: 20/02/2019

Edition: 1.4

Status: Released Issue

6

EUROCONTROL
NMD
3.4

Executive Summary

NEW NM SYSTEM ARCHITECTURE

Process Improvement and Automation

A significant increase in the levels of automation, integration and improvement of current processes
is necessary to support the operational efficiency of NM, needed to cater for the increased complexity
of managing the network, due to traffic increase, weather events and capacity shortage. It is no
longer sustainable to continue with labour intensive manual processes, whereas staff could be rather
devoted to more added-value tasks. Furthermore, the new business concepts rely heavily on
process automation and require much more integrated processes.
The following architecture requirements were identified:


ASM/ATFCM/A-CDM integrated processes: the NM System will support a single planning
process integrating the ASM, A-CDM and ATFCM activities, aiming to produce an integrated,
optimised and always up-to-date network plan and supporting the collaboration of the different
actors (internal and external) in this process



Smooth integration of network impact assessment and simulation in business
processes: the NM System will enable internal and external users to evaluate scenarios of
various degrees of complexity, integrated in the business processes, with high levels of
automation



Seamless ATFCM process from planning to execution: the NM System will support a
progressively accurate view of both demand (forecast and actual demand) and capacity from
strategic to operations, with enough dynamicity and flexibility to reflect an ever-changing
Network situation, while tracing applied changes (baselines).

3.5

Global ATFM and NM Business Expansion

The NM model is unique in the world and it has proved to be of high value for both airlines and
service providers. NM has been answering requests from countries/regions outside its area of
responsibility, to either help establish a similar model or to integrate the NM area. Expansion of the
geographical area is therefore to be supported by the architecture, as well as the possibility to deploy,
in other areas of the world, a system composed of a full or reduce set of modules for specific business
capabilities (such as centralised flight planning).
Evolution of the NM business needs and of aviation in general, may bring new responsibilities,
expanding the types of flights to be managed by NM to OAT, VFR, balloons, RPAS, etc.
Being in a central position, having a hold of the European traffic, has brought new functions to NM,
such as the support functions for the European Commission on SAFA, ACC3 and TCO, as well as
the European Aviation Crisis Management. The NM architecture will be able to support expanding
these capabilities, as well as its geographical scope.
Making the data and services available via machine-to-machine interfaces enables NM to participate
in the API economy and to create a new business ecosystem, enabling also the digital transformation
of the NM stakeholders. Furthermore, provided the legal framework is set-up, the API economy is
an avenue for new business opportunities.
The following architecture requirements were identified:


Business scalability: the NM System will be able to scale in several dimensions: geographical
area, number of users, number of services, new flight types and more flights, new airspace data
types and more data, increased data per flight, increased data retention period



Modularity: the NM System will be able to be configured to deploy a subset of its modules to
address specific business needs.
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Cost-Efficiency

Every organisation aims to achieve cost-efficiency, and the way to achieve it relies heavily on its
digital transformation. Technology provides the basic means to allow that transformation. Since
technology is offering more/new capabilities, generally at lower costs, the digital transformation
becomes an imperative; those who do not follow this road are eventually out of business.
How much organisations benefit from the digital transformation and how quickly, depends on the
architecture adopted. Architecture is the enabler that makes use of the technology to build a system
that satisfies the business need, optimises processes, and brings capabilities that extend the human
skills and provide empowerment.
The NM architecture will benefit from available technologies to address cost-efficiency, both by
reducing costs of the systems themselves and by significantly improving the business processes.
The following architecture requirements were defined:


Leverage business data to increase productivity and effectiveness: the NM System will be
largely based on transformational technologies, using big data, predictive analysis, machine
learning and artificial intelligence to improve the effectiveness and efficiency of the business
processes



Rapid and cost-efficient evolution capability: the NM architecture will allow easy reuse of its
components and its data, to easily add new functionalities, to easily develop prototypes that can
be tested in the overall system



Business process automation: the NM architecture will introduce capabilities in support of
high levels of business process automation



Architecture rationalisation: the NM architecture will be a homogeneous and modular
architecture, minimising technical diversity, eliminating duplication and reducing complexity.

3.7

Constraints

The evolution of the NM architecture has to take into account the constraints imposed on it, either
internal or external. The identified constraints resulted in the following architecture requirements:


Mixed mode data exchange: the NM System is required to support the exchange of flight and
flow data with ICAO mandated messaging technologies and with SWIM



Integration in the FOS network: the NM System is required to integrate in the FOS network,
having the capability to create the initial FO for FPLs that cross IOP-enabled ATC centres, and
be able to receive and process updates to flights via the FO from IOP-enabled centres and to
distribute information to all concerned stakeholders via other means (SWIM, messaging, etc.)



Regulated environment: the NM architecture is required to take into account the regulatory
requirements, namely the requirements coming from the service provision regulation, as well as
the ones related to safety and security; one important requirement identified is the service
segregation according to its safety criticality



Transition from legacy to new systems: the NM architecture roadmap addresses the
transition period between old and new system and allows for a smooth migration of the users.

3.8

Organisational Factors

The NM architecture is also constrained/driven by the following organisational factors:


Sourcing strategies: the NM architecture is required to provide facilities to support external
developments and their smooth integration in the NM System in order to achieve a
homogeneous system in a cost-efficient way
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Central IT: the evolution of the NM IT infrastructure relies on an efficient and performant Central
IT, especially with the need to deploy cloud-ready technologies.

Architecture Principles

The Architecture Principles listed below are high-level NM-wide principles aligned with the NM vision,
mission and strategic objectives, aiming at providing direction and support in any architecture
decision-making process. They serve as a framework with the goal of achieving a harmonised,
consistent and cost-effective NM System.

Figure 2: High-level architecture principles
The principles above are general principles, which apply to all decisions made during the architecture
study and will apply to the NM System during its implementation.
Although all principles are important, the support to business continuity is seen as a basic foundation,
given the criticality of the NM services.

5

Main Challenges

The requirements put on the NM architecture constitute significant challenges, stretching the
capabilities of the current architecture and demanding new approaches.

Figure 3. Main challenges
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High interdependency between flight, flow and airspace: this interdependency requires a new
approach to architecture: it is no longer possible to have independent and compartmentalised
systems, as the ones of today, developed with different architectures and different technologies.
This interdependency needs to be considered in the outsourcing approach taken for the
implementation of the new architecture (e.g., number of contracts, level of specification required,
delivery model, etc.).
High dynamicity: changes can occur any moment, and both the system and the human need to be
able to promptly respond to those changes and take the most informed decision. Taking the most
informed decision requires tooling: immediate access to past information, tracing, network impact
assessment, simulation, system-proposed solutions by using machine learning/artificial intelligence,
etc. This tooling needs to have response times short enough to be effective.
Integration of planning, operational and simulation tools: integrating the different architecture
and technological approaches taken by the different teams and building the set of tools that support
a smooth process from planning to real-time.
High volume of data processing: the amount and the diversity of data that NM has to deal with in
real time grow significantly for several reasons: new services, more users, more flights, new data
sources (e.g. ADS-B, EPP), etc.
Architecture rationalisation: there is a need to rationalise the existing architecture, which has
evolved over many years, and to transform and remove redundancies in the current systems, while
ensuring fault-tolerance.

6

High-Level Architecture

In response to the drivers for change, a new architecture for the NM System is proposed. This
architecture follows the architecture principles defined in section 4 and will cope with the challenges
identified in section 5.

Figure 4. Business view of the NM System architecture
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The architecture proposed builds upon the technical deliverables of the n-CONECT programme, and
modernises the current core operational systems. Emphasis homogeneity, innovation and
modularity.
The architecture is organised in three domains, where a domain is a logical representation of a
significant part of the NM business. In addition to this notion of business domain, another set of more
technical artefacts, which are transversal to all business domains, form yet another domain, in this
case a technical one.
The domains of the high-level logical architecture (Figure 4) are the following:


Environment: the business domain that deals with every contextual business data that is
potentially (consistently) shared with all other domains and that is “reasonably” dynamic



Flight: the business domain of all flights seen individually, with one unique representation of
their state, from inception to termination



Flow: the business domain of the overall traffic management, not each flight state, rather
features and KPIs related to groups of flights or the entire Network state



Enablers: the technical domain of all common (technical) components required to render the
services to the end user and used by the three business domains above.

The following sections describe each of these domains.

6.1

Environment Domain

The Environment domain manages the contextual business data that is used by the other domains
and that is “reasonably” dynamic (e.g., not flights, which change very often). The Environment
domain offers a consolidated view of the European ATM information for flight operations.

Figure 5. Environment domain
The Environment data is made available to the other domains via cache libraries, providing in runtime
a synchronised view of the data, shared by all components (“ENV image” in Figure 5).
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The Environment domain has ten building blocks, corresponding to different datasets made available
to the flight and flow domains. The modularity of the architecture allows other datasets to be easily
added in the future, if necessary. The Environment domain offers services to the NM System’s users
via human and machine interfaces, which allow to manage and access its data.
The Airspace Physical Structure represents the actual airspace infrastructure corresponding to
ICAO Annex 15 and published in the AIPs of the States. This data represents mostly physical
infrastructure that is static and changed either at AIRAC dates or as a result of AIP amendments and
NOTAMs. An important requirement for the future architecture is the ability to scale in order to
accommodate worldwide airspace structure. This will increase the accuracy of the profile calculation
for flights entering the IFPS zone, and allows to easily extending the IFPS zone. This data is
managed by the eEAD system and will be fed in a semi-automatic way to the NM System.
The Airspace Operational Organisation is built on top of the physical airspace structure,
representing the airspace elements that can be changed dynamically in function of the traffic
patterns, to accommodate the capacity of the different ATS providers and their operational
arrangements, to optimise the traffic flows and airspace utilisation, and to accommodate the needs
of the military. Examples are the sector configurations, the restrictions, the runway configurations,
traffic volumes, etc.
The Flow Constraints reflect traffic flow measures taken due to actual (or anticipated) traffic
situations, which can be applied to all traffic or to individual flights or to groups of flights, e.g.,
regulations, reroutings, level cappings, scenarios, STAM, cherry-picking, AMAN measures, etc.; the
flow measures can be created by the users, as well as, proposed/recommended by the system based
on machine learning algorithms.
The Military Constraints reflect the military needs for use of the airspace, corresponding today to
the Airspace Use Plan, and including tomorrow more dynamic elements, such as support to dynamic
mobile areas, directly associated with the mission trajectory.
The Weather and Natural Hazard is the weather data used in trajectory computation, as well as in
crisis management (like ash clouds); this data is received from one or more external weather
providers.
The Aircraft Performance represents all aircraft types and aircraft performance necessary to
compute trajectories; this includes data received from an external source, such as BADA, as well as
additional models resulting from machine learning, which are much more precise, as they are tuned
to the specific air frames.
The FAAS data, consisting of SAFA, ACC3, TCO lists allow NM to identify which flight plans are
concerned and to generate alerts to external authorities; the lists are received from the European
Commission.
The Airport Slots necessary to be able to verify the existence of an airport slot for a flight plan and
take the resulting actions (warning, invalidation of FPL, etc.); this data is received from an external
source, such as EUACA.
The Users and Addressing consists of all user profiles, and all addressing (AFTN/Type B/… but
also emails, SMS, etc.); this data is used for authorisation, flight message distribution,
alerting/notifications, etc.; this data is created by NM and/or by external users via delegated
administration.
The Events represents all events that have a potential impact on the Network; this data is created
by NM and by external users.
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Flight Domain

The Flight domain covers flights seen individually, in contrast with flights grouped into demands,
which is handled in the Flow domain. The Flight domain offers a holistic view of the flights in the
European airspace.
The Flight domain has three main building blocks, reflecting its three main responsibilities, and it
makes available the flight data it manages to the other domains. The Flight domain offers services
to the NM System’s users via human and machine interfaces, in support of flight management and
monitoring. The Flight domain has also interfaces with the legacy messaging systems (AFTN / AMHS
/ Type B), supporting ICAO FPL.
The Flight Manager maintains the status of the flights, from creation until termination. It receives
and processes flight plans and all other events that impact flights, such as DPI and API, CPRs (and
other surveillance data). The flight state can be modified directly from the Flow domain as a result of
flow measures. The Flight Manager also sends the flight-related outgoing messages that IFPS and
ETFMS send today (e.g. ACK, SAM, EFD).

Figure 6. Flight domain
The 4D Trajectory Engine is the component that allows all other components to compute or
generate 4D trajectories embedded in other processes – hence typically a library. The Trajectory
Engine will be able to produce trajectories with different levels of accuracy, depending on the context
where it is used and on the Environment data used.


It will be able to produce 4D trajectories from ADEP to ADES with enough accuracy to be used
in ATC planning tools, such as the ATC planner, or the XMAN tools



In the strategic phase it will be able to produce quickly a very high number of low accuracy
trajectories for the purpose of doing call-sign de-confliction and, additionally, for supporting
airspace design activities



It will be able to regenerate trajectories in the execution phase when the system detects that the
flight diverges from its planned route



The 4D Trajectory Engine, together with a number of configuration parameters provided in each
request, will be embedded in processes accessible to the users, replacing and improving the
current IFPUV (and AOWIR) functions
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Trajectory calculation will be done across worldwide airspace (with different levels of accuracy
depending on the available information), in order to obtain accurate predictions for entry in the
European airspace



The 4D Trajectory Engine supports also AO filed trajectories, as well as most probable
trajectories calculated via machine learning techniques, considering most probable trajectory
given the AO habits, the specific aircraft, the Network situation (including weather and natural
hazards), and so forth.

The Flight Monitor performs the different Flight Assessment and Alert Services, in particular Safety
Assessment of Foreign Aircraft (SAFA), Third Country Operators (TCO) and Air Cargo Carrier
operating into the EU from a Third Country Airport (ACC3).

6.3

Flow Domain

The Flow domain covers the overall traffic management, not each flight state, rather features and
KPIs related to groups of flights or to the entire Network state. The Flow domain offers a
consolidated, up-to-date ATCFM situation reference view.
The Flow domain has three main building blocks, reflecting its three main responsibilities. The Flow
domain offers services to the NM System’s users via human and machine interfaces, in support of
flow management.

Figure 7. Flow domain
Load Monitoring counts the flights entering or flying in airspaces (sectors in particular), according
specific flows captured in traffic volumes, etc., allowing thereby to monitor their load in terms of
number of flights, complexity and controller workload.
Measures Manager provides functionality to identify the need for flow measures, to apply measures
to the whole set of flights, to individual flights and groups of flights. It has the ability to determine the
overall network impact of a measure by using specific reference KPIs. The use of machine learning
algorithms integrated in the business processes will allow the system to proactively propose
measures in presence of specific patterns of traffic, weather, events, etc.
Code Conflicts aims at preventing, detecting and solving code conflicts of flights within airspaces.
It supports CCAMS, which assigns non-conflicting SSR codes to flights, and CSST, which detects
and solves ICAO and IATA flight id conflicts.
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Technical Enablers

The technical enablers are organised in the Enablers domain, which deals with all transversal
technical aspects, aiming at rationalising, harmonising and modernising the NM System, and
eliminating the technical debt. The Enablers domain includes principles, policies, technologies,
methodologies, key design mechanisms and components.
The Enablers domain is the foundation of the future NM System, providing the framework for building
the business capabilities and introducing the transformational technologies that will support the
digital transformation of NM.
The Enablers domain follows the high-level architecture principles listed in section 4 and derives a
set of lower level principles and policies to be applied system-wide, such as:


Service Oriented Architecture, aiming at achieving modularity, homogeneity, reduction of
complexity and focusing on the business capabilities as services



Model Driven Engineering, aiming at achieving consistency, improved software quality and
reduced costs of development, maintenance and operations



Strong typing, aiming at achieving a robust system



Cloud readiness, aiming at achieving flexible development, testing and deployment



Automated testing, aiming at improving software quality and reducing costs

Apart from principles and policies, the Enablers domain provides the actual software framework for
the development of the business capabilities. This framework consists of re-usable components,
increasing the productivity of the developers, but also providing a means to achieve homogeneity
across the overall system (e.g., single way to log an event) and improving the quality of the software.
One of the most significant capabilities provided by the Enablers is the workspace. The workspace
is a user-configurable instance of the NM system, which is composed by a set of modules defined
by the user that can be cloned from OPS or user provided, and using data either cloned from OPS
or test/simulation data created/injected by the user. This is the main enabler for seamless network
impact assessment and what-if business capabilities.
The Enablers domain creates the basic infrastructure introducing the transformational technologies
that allow to significantly improve the business, not only in terms of effectiveness (better outcome),
but also cost:


Big Data is a term for a number of technical concepts and approaches, which is revolutionising
the use of massive data produced in operational processes. The future NM System will utilise
operational data for analytical purposes involving, among others, processes which can re-inject
inputs in the operational systems in real-time or close to real-time. This will benefit all domains,
Flight, Flow, Environment and even the Enablers itself.



Machine Learning, an aspect of the wave of Big Data is the development of computing systems
with learning capabilities. It provides opportunities to extract patterns in data, develop decision
mechanisms, and provide support to better manage the ATM network.



Cloud is a revolution in the way IT services are delivered. “Cloud computing is an information
technology (IT) paradigm that enables ubiquitous access to shared pools of configurable system
resources and higher-level services that can be rapidly provisioned with minimal management
effort”, in Wikipedia. The cloud computing provides opportunities for NM to deliver scalable,
efficient and fault-tolerant services in a secure environment at a reduced cost.

The area of software lifecycle management is one of the areas where the technical debt is high.
With the aim of being able to cope with the very fast evolution of the aviation environment, which
requires a short time to market of new business capabilities, the Enablers domain selects a set of
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methodologies, processes and tools supporting the software development lifecycle, such as agile
methodologies and DevOps, already used in the n-CONECT programme.
Customer/User relationship management is one of the key vectors in any business strategy.
However, it is one area where NM is currently weak, mainly due to the lack of technical capabilities.
With the aim of achieving a high level of service, the Enablers domain introduces technologies and
processes in aspects such as formalisation of the service catalogue and service agreements,
enforcement of SLAs, business activity monitoring in real-time and post-ops.
Furthermore, the use of big data and machine learning/artificial intelligence will allow to go from CRM
to real User Intimacy. Capturing and analysing all user interactions, in their context, over many
years, allows to draw a profile of the users, to understand their needs and their behaviour and to
anticipate needs and behaviours before they are even expressed. This allows NM to pro-actively
take action (both in tactical operations and in business orientation) on how to better serve the user,
resulting ultimately in improving the user outcomes in terms of operationally efficiency, benefiting the
overall ATM community.
These aspects are part of the service management area of the Enablers, which includes also
handling of prioritisation, improved process for access management supporting delegated
administration and supervision.
Information security is one of the strategic objectives of any organisation managing and providing
digital information. The standard ISO/IEC 27001 – Information Security Management, 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.
With the objective of reinforcing trust in digital services, NM is upgrading its current information
security management system to comply with ISO/IEC 27001. Additionally, the set-up the Security
Operations Centre will allow to prevent, detect and respond to security incidents. The use of big
data analytics and machine learning in this domain allows not only to have much better insights on
the security threats to prevent and detect attacks, but also provides operationalisation capabilities,
triggering the right actions to respond to the attack.
There are many more transversal technical aspects addressed by the Enablers domain; they are
considered too detailed for this document.

6.5

Reference Architecture

Figure 8 shows the reference architecture of the new NM System, which uses the principles, policies,
technologies, methodologies, key design mechanisms and components of the Enablers domain. The
new NM System implementing this architecture is called “NM EcoSystem” or NES in short.
The business capabilities of Flight, Flow and Environment are implemented as “Business Cells”.
These cells expose Application Programming Interfaces (“API”) following a “Service Model”. The
Business Cells use the components of the Enablers domain to perform technical/common tasks,
such as logging, access to storage, inter-cell communication, authorisation, caching, etc.
The Business Cells make use of their “Traditional Structured Data” to manage their internal local
storage. The cells also have access to the “Business Intelligence Ecosystem”, which they feed with
data in real-time, in support of archiving, reporting, problem investigation and which serves as a data
recovery mechanism in support of business continuity.
The Business Intelligence Ecosystem includes the machine learning capabilities built on top of the
big data solution, allowing to integrate intelligence in the online business processes, contributing to
a high degree of automation and extending the human capabilities.
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The “Gateways” are specialised cells that serve as interfaces towards both the external systems
(providers or consumers) and to the NM HMI applications. The Gateways are responsible for format
and protocol conversion.
The “ATM Portal” is the NM HMI application, which uses responsive web design, allowing flexibility
of the kind of device used to render the service, thus fully supporting mobile devices. Other means
to communication such as email, SMS, WebEx and phone are also supported, providing to NMOC
an integrated platform supporting unified communications, simplifying and automating the business
processes.
The NM services can be accessed via machine-to-machine interfaces through the NM “B2B”.
Interfaces with legacy messaging systems (“AFTN/AMHS”, “Type B”) continuing to be supported.
The framework for communication between cells supports both synchronous communication and
asynchronous communication via the “Message Broker”. Any cell can make use of the Message
Broker to expose data that other cells can consume, in an event-driven way.

Figure 8. Reference architecture
The access to the services (either by a human or a machine) is subject to “Identity and Access
Management”, “Authorisation” and “Service Usage Control”. “Confidentially” is further ensured by the
use of message encryption.
The technical operation of the system is managed via the “Supervision” component, which is fed with
data from the all cells. The “Business Activity Monitoring” provides real-time dashboards on service
usage, and the “Service Usage Reporting” provides a post-ops view of the service usage.
The “Security Management”, aiming to address in particular cyber-security, includes the Security
Information and Event Management (SIEM) component, which collects, consolidates and correlates
the security related events, analyses events, detects abnormal patterns and sends alerts to the
Security Operations Centre (NM SOC). The NM SOC is then able to analyse those alerts, detect
true-positives, prevent, respond and report on the cyber-security incidents.
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Figure 9 shows a high–level view of the deployment of the NM System, reflecting cloud-related
significant technological choices and design decisions of the technical Enablers:


The cloud-readiness principle, which allows complete flexibility of deployment of the different
components and similar cloud and on premises deployments



The deployment design based on hybrid cloud, allowing to keep infrastructure on premises for
the primary site, and to use the cloud both as a platform for growth for the highly used ReadOnly services, providing scalability and elasticity, and as secondary site in case of failure of the
primary site.

Figure 9. NM System deployment

7

Roadmap

The effort to develop and deploy the future Network Manager System, while decommissioning
existing systems, is significant and will last for several years.
The following principles were considered while designing of the roadmap:


NM will continue to provide the mission critical services during the entire migration period



Benefits for the NM users will be delivered on a continuous basis, while implementing the new
system



The current NM services will continue to evolve to cater for the evolution of user requirements,
but at a slower pace



The transition for the NM users to benefit from the new/improved value-added services will be
smooth, not disruptive.
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Project Approach

In line with best IT industry practices, the new system will be built by a mix of evolving/re-engineering
existing algorithms, integrating market solutions and developing new software. This hybrid approach
is also in line with the architecture principles listed in section 4, in particular “Reuse before Buy before
Build”, and allows for a phased delivery of the new system.
An alternative approach of building the new system from scratch, potentially fully outsourced, was
initially considered, but discarded in favour of the hybrid approach, which provides the following
benefits:


Early implementation of business critical requirements (e.g., flight status consistency,
occupancy CASA)



Regular delivery of new components and services and decommissioning of old systems



Reduces the cost of maintaining current system while developing in parallel a new system



Minimises the risks associated with very large software developments of which the majority
results in failure, and the few that succeed incur normally in high delays and cost overrun



Avoids the need to write a complex and large specification document for the full NM system at
beginning of the project, which would push the start of the development by a few years



Caters for the unavoidable evolution of the requirements during the project implementation
period (freezing the requirements is not an option)



Results in a simplified and phased transition process, allowing progressively adaptation of both
NM and its users



Reduces the impact on external users.

The choice between “Reuse”, “Buy” and “Build” in the different domains is the following:


Enablers: the components of the Enablers domain are technical components for which many
solutions exist in the market, therefore the choice is mainly “Buy” and integrate. This includes
the Business Intelligence Ecosystem, which covers the introduction of big data and machine
learning technologies.



Environment: the Environment domain, being the domain that provides contextual data for the
Flight and Flow domains, is necessarily a very specific component, for which no solution exists
in the market. The approach will be then both “Reuse” and “Build”. “Reuse” in the sense of
reusing some algorithms and business rules, but “Build” in the sense that this component will be
re-written in Java. This decision is derived from the architecture principle of minimising technical
diversity. “Build” also due the use of the transformational technologies to enrich the Environment
data, and to the implementation of the new business requirements.



Flight and Flow: these two domains are also very specific (IFPS and ETFMS are unique), which
led to the approach based on “Reuse” and “Build”. “Reuse” in the sense that the Flight and Flow
components will be based on an evolution and merge of the current IFPS and ETFMS
algorithms. “Build” in the sense that these components will complement/enrich existing
algorithms with new capabilities enabled by the transformational technologies of the Enablers.
“Build” also to reflect the implementation of the new business requirements.

For a large-scale complex system such as the NM System, it is crucial to maintain architectural
leadership. In this way, developments can be outsourced to a wider set of software companies (with
or without ATM expertise), reducing the costs and avoiding vendor lock-in.
Therefore, the approach retained for the project implementing the new NM System relies on a mix
of outsourcing, for software development, and staff in the area of architecture, but also in systems
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integration, verification, deployment, project management, service delivery management and
contract management.
This approach is in line with the current sourcing strategy of the NMD technical division (NTS), and
reflects the model on which NTS is positioned between being a service provider, providing the
technical operations and a solution provider, providing the solutions for flight and flow management,
unique in the world and not available off-the-shelf.
The hybrid model between staff augmentation and outsourcing has proven to be a cost efficient and
performant model designed to leverage the need to contractually manage a software house
(outsourced) while keeping control of the technologies, design choices, and business knowledge.
In summary, in the hybrid model proposed, NTS manages the technical and business specifications,
as well as the system integration, verification and deployment, while the industry provides the
software factory to implement the software, in a fixed price contractual model.

7.2

Major Milestones

Figure 10 shows the major implementation milestones. The milestone dates are end of year. This
roadmap is an initial draft, based on the high–level architecture defined in this Study and with the
assumption that the project would start beginning 2020. Since the complexities of many of the
subjects were not yet fully analysed, the roadmap may need to be adapted in the course of the
implementation project.

Figure 10. Major implementation milestones
The main part of the technical Enablers is delivered in 2022, including the mechanisms to support
high availability and resilience. In 2023 the NES is fully ready to become the new NM system and to
host the different business components, which will be gradually done till end of the project.
In terms of transformational technologies, the Business Intelligence Ecosystem (BIE), together with
the cloud setup, is available in 2022. Machine learning activities will go on during the whole project
in support of Flight and Flow. The main milestones are the use of predicted trajectories in 2024 and
the intelligent algorithms in support of flow management in 2026.
An early focus is put on the Flight Manager, consisting in moving the Flight Planning capabilities of
IFPS to ETFMS, solving the “flight status” inconsistency problem, but also to deliver the new Flight
Monitor and flight preparation services out of IFPS. The new Flight Planning implementation includes
VFR/OAT. These Flight services are delivered in 2022.
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As of 2022, all Flight and Flow capabilities are centralised in ETFMS components, which facilitates
the evolution of the Flight and Flow domains to match the new architecture, in preparation of its
integration into the new NM System. The evolution work takes place gradually between 2022 and
2027. This approach allows to implement the new business requirements (such as occupancy,
complexity, FF-ICE, etc.) without the need to wait for availability of all components in the new NM
System.
In 2025, pre-tactical and tactical flight and flow management are integrated, allowing for a smooth
Network planning process and a continuous Network view.
In 2026 the new Environment component is fully available and used by the other components. Also
in 2026 the Code Conflicts component will support the CSST functionality.
The workspace, with capabilities for network impact assessment, is first delivered in 2026, and keeps
evolving until the end of the project.
2027 is the major milestone where all NM software is fully in the new NM System according to the
new architecture and using the Enablers frameworks. The following two years will finalise support
for workspaces, finalise OPL tools support and evolve machine learning algorithms.
Figure 11 shows a graphical representation of the gradual move of the legacy systems to the new
NM System, together with the main decommissioning dates.

Figure 11. Legacy decommissioning
End of 2022, with the delivery of the main components of the Enablers domain, it is possible to
decommission the current Service Layer components (CUA), the NOP Portal and the Collaborative
Human Machine Interface (CHMI). It is assumed that the Repetitive Flight Planning System (RPL) is
decommissioned by that date, so that the new NM System will not need to address it.
Since the Flight Manager, the Flight Monitor and the main components of BIE are available end of
2022, it is possible to decommission by end of 2024 the Data Warehouse System (DWH) and the
Flight Planning family of systems: Initial Integrated Flight Planning System (IFPS), IFPS Validation
System (IFPUV), and the Flight Plan Assessment and Alert System (FAAS).
With the availability of the new Environment component end 2026, the current Central Airspace and
Capacity Database System (CACD) can be decommissioned one year later in 2027. The current
Call Sign Similarity Tool (CSST) can also be decommissioned at the same time, as the equivalent
functionality in the Code Conflicts component is available end of 2026.
The right side of the figure, between 2027 and 2029, where all bars are orange, indicates that the
software developments after 2026 all take place in the new NM System, not anymore in the legacy.
The remaining legacy systems (Flow family) are decommissioned after a couple years of operations
of the new system. This concerns the Enhanced Tactical Flow Management System (ETFMS), the
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Pre-Tactical Flow Management System (PREDICT) and the Centralised SSR Code Assignment and
Management System (CCAMS).

8

User Stories and Benefits

A series of user stories, highlighting the improvements brought to several categories of users in their
work, when using the future NM System, can be found in the Annex. Although not exhaustive, these
user stories cover the main stakeholders.
The Annex also lists, per user story, the benefits, the relevant architecture challenges addressed
and the transformational technologies used.

9

Conclusion

Digital transformation is no longer a choice, it is an imperative. Today, successful organisations take
this road, reassess their business strategies and focus their investments in technology and
innovation, including new skills, transforming their processes to support the new business models.
NM has acknowledged this imperative and has taken steps to transform itself and embrace the digital
future. The NM Interoperability Strategy already brought huge benefits to the aviation community,
resulting from business processes integration across organisations and shared situation awareness.
The new NM architecture proposed in this document aims to take NM to the next level, taking full
advantage of the transformational technologies, achieving unprecedented levels of automation, and
bringing the platform that will support the Network Manager function in the next 20 years.
The endeavour is significant and requires full commitment of the whole organisation, including
Procurement, Legal, Human Resources and Central IT.
The risks are high and the project requires a strong, rigorous management, with a solid risk
management approach.
But the benefits are huge, not only for NM but for the whole aviation community, contributing to
building a performant, safe and secure Single Digital European Sky.
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Annex A – User Stories and Benefits
A series of user stories highlights the improvements brought to several categories of users in their
work, when using the future NM System enabled by the new architecture. Although not exhaustive,
these user stories cover the main stakeholders.

Airspace Design
User Air Navigation Service Provider
Improvements Optimised work process
Better output efficiency
Enabled collaboration
User story The User wants to define and optimise the sectorisation of his national airspace.
The User has access to the NM System, in his office, or anywhere through mobile
devices.
The User creates one or more workspaces for the purpose of this work.
In one workspace, the User clones the environment situation of OPS and loads a
typical day of traffic, selected from the available demand data samples. He
calculates KPIs for the different sectors in his national airspace, and uses this
workspace as a reference.
The User can create several workspaces representing different alternatives of the
sectorisation. He can manually create the sectorisation or ask the system to propose
one, based on the goals he wants to achieve and based on what the system has
learned from the past. The User calculates KPIs and compares the relative merits of
the alternative sectorisations.
The User can share these workspaces with other Users, to have opinion/approval of
the new sectorisation. In particular a dialogue with NMOC can be established for
network impact assessment.
Once the right sectorisation is decided, the User applies the changes done in the
workspace to the OPS environment with the planned applicability period.

Tactical Flow Management
User Air Navigation Service Provider / Flow Management Position
Improvements Optimised work process
Better output efficiency
Shared situation awareness
Easier collaboration
User story The User wants to monitor and manage the workload of his ATCOs to make sure
that it remains at an acceptable level.
The User has access to the NM System, in his office, or anywhere through mobile
devices.
The User constantly monitors the NM dashboards with the forecasted load of the
sectors of his ACC. He can define thresholds per sector, which trigger system
notifications when reached.
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In such occurrence, and based on what the system has previously learned
concerning this ACC and its working context (and even from other ACCs), the
system proposes one or several measures to deal with the overload.
The User may decide to use a workspace to simulate the system proposed
measures in the current traffic and airspace situation, in order to validate their
effectiveness.
Depending on the kind of measure and its potentially impact, the User may share
this workspace with NM and other actors (ACCs, AOs, airports) for coordination and
further validation before applying it on his OPS environment.
The User applies the measure on OPS bringing the workload to an acceptable level.

1.4 20/02/2019

1.4 20/02/2019
1.4 20/02/2019
1.4 20/02/2019

Flight Optimisation
User Airspace User
Improvements Airspace user’s business objectives better addressed
Improved flight efficiency
Improved predictability
Consistent flight view
User story The User wants to optimise his flights. He has his own tools for computation and
optimisation of flight trajectories and generation of flight plans.
The User’s system is using the NM B2B services to have a machine-to-machine
access to the NM services.
The User’s system obtains the NM airspace data, allowing the generation of routes
compliant with the NM airspace view.
The User’s system sends to NM the Flight Plans, the computed trajectories, and
any relevant data that allows NM to re-compute accurately the trajectories, when
needed (for rerouting proposals, in reaction to CPRs, etc.). The User’s system may
assign priorities, preferences and any other parameters that may influence the flow
management measures taken in the NM System.
The NM System sends updates to the User’s system concerning any event or
measure that will potentially affect its flights (such as availability of airspace,
activation of a restriction, a regulation, etc.), allowing a constantly and automatically
optimisation of the flights. Additionally, the NM System, based on what it has
previously learned about this airline (and other airlines) and on the current Network
situation, will propose to the User’s system viable re-routings that would in itself
mitigate the measures.
The User’s system may make use of the workspace feature to simulate its flights
prior to the submission to NM. This may include call sign de-confliction.
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The User’s system can obtain an always up-to-date and consolidated view of the
flight status, including the airborne situation.
Apart from integration with NM via the NM B2B services, the User may also access
directly the NM System, either from his desktop computer, or from mobile devices.
Through this access, the user can monitor his flights, take action on his flights,
request assistance via the E-Helpdesk, etc.

Managing Arrivals
User Airport Operator
Improvements Airport constraints better reflected in the network planning process
Optimisation of the airport capacity and throughput
Improved predictability
User story The User wants to manage the arrivals at his airport.
The ATC provider of the User has his own arrival management tools.
The User has his own DCB system to maximise local efficiency.
The User’s system is using the NM B2B services to have a machine-to-machine
access to the NM services.
The User’s system is able to obtain the flight and ATFM data for the flights planned
to arrive to the airport, allowing to plan ahead and manage efficiently the airport
arrival operations (aircraft servicing, gate occupancy, Turn-Around time, etc.)
The User’s system can send to NM the arrival constraints (Target Times, etc.) that
NM needs to consider in the daily plan. A CDM process between NM and the airport
(and possibly other actors, the APOC and AOP concept refers)) will need to take
place to decide on how best to accommodate those constraints.
The User’s system may obtain from the NM System the airborne situation of the
arriving traffic, so that it can fine-tune the airport planning.
Apart from integration with NM via the NM B2B services, the User may also access
directly the NM System, either from his desktop computer, or from mobile devices.

Flexible Use of Airspace
User Air Navigation Service Provider / Airspace Management Cell
Improvements Integrated plan Airspace Management (ASM) / Air Traffic Flow and
Capacity Management (ATFCM)
Better use of available capacity
User story The User wants to plan and optimise the use of airspace for military purposes, with
minimal disruption for civil airspace users.
The User has his own tools for managing the mission bookings.
The User’s system is using the NM B2B services to have a machine-to-machine
access to the NM services.
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The User’s system sends to NM the information about the foreseen military events.
The User’s system may identify the need for the creation of a dynamic airspace to
better reflect the military airspace utilisation; a CDM process, supported by the NM
System, can then take place.
The User’s system prepares the airspace use plan, and sends it to NM for validation.
NM integrates the different draft plans in the network ASM/ATFCM daily plan using
the workspace concept and performs a network impact assessment.
NM shares the workspace with User(s) and establishes an NM System supported
CDM process with the actors involved in the daily plan preparation to decide on the
overall daily plan, which includes the military needs as requested in the airspace
use plan, adapted to fit the agreed daily plan; once agreed the plan is applied.
Apart from integration with NM via the NM B2B services, the User may also access
directly the NM System, either from his desktop computer, or from mobile devices.

Collaborative Network Management
User Network Manager Operations Centre
Improvements Optimised work process
Better output efficiency
Optimised Network capacity
Shared situation awareness
Easier collaboration
User story The User wants to manage the Network in an effective and efficient manner
integrating the needs from the different actors.
The User has access to the NM System in the NMOC operations centre, or
anywhere through mobile devices.
The NM System receives the requests related to DCB measures from the different
stakeholders (flow management units, towers and airports). These requests may
have been sent via different means (HMI, B2B, phone) and concern different
services (airspace, flight, flow) at different planning phases (strategic, pre-tactical,
and tactical).
The NM System allows NMOC to organise the processing of the requests via
workflows, according to the NMOC positions available and the Network situation
(e.g., number of queues, allocation of topics per queue, priorities, automatic
responses, etc.).
The NM System prompts to the User the requests that have to be processed
manually. If necessary, using the workspace concept, the User can simulate the
proposed measures in order to validate their effectiveness and overall network
impact. The NM System may provide alternative proposals.
During the whole process, the User may share his workspace with the requester
and/or with other actors allowing for a transparent and collaborative decision
making.
Once agreed, the User applies the measure. Notifications can be configured to be
sent automatically by the NM System to the requester. These notifications can be
sent by different means: B2B, HMI, SMS, email.
NMOC provides a value and urgency focused, coherent, consistent and balanced
service to the network users, supported by an NM System that integrates and
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prioritises DCB requests originating from different sources via different means and
that facilitates the Collaborative Decision Making.

Tactical Network Weather Event Management
User Network Manager Operations Centre
Improvements Optimised work process
Better output efficiency
Shared situation awareness
Easier collaboration
User story The User wants to monitor and manage the network ability to respond to a weather
event, minimising the overall network disturbance, while making sure the
performance targets are met.
The User has access to the NM System in the NMOC operations centre, or
anywhere through mobile devices.
In presence of a new weather event that can cause disturbance in the network, and
based on what the system has learned from past occurrences, the system proposes
one or more scenarios with associated foreseen impact.
Using the workspace concept, the User simulates the proposed scenarios in order
to validate their effectiveness. According to the results, the User may modify those
scenarios or create new ones, until he finds one with acceptable results.
During the whole process, the User may share this workspace with other actors
(ACCs, AOs, airports) for coordination and further validation before applying it on
the OPS environment.
The User can send notifications informing stakeholders about the network situation
using the Headline News application. Notifications are sent by the NM system using
different means - B2B, HMI, SMS, email, depending on how the recipients decided
to get this information.
The User can also decide to inform general public via social media, by using the
NM System social media publication capabilities.
After application of the scenario, the user continues to monitor the network and the
evolution of the weather event and may apply corrective measures, if necessary.

Table 1 highlights the main improvements achieved in the new architecture for each user story
described above. In one way or another, all the user stories profit from the improvements, but the
table only highlights the user stories where those improvements are more significant.
User story

Improvements achieved leveraging the new architecture
Predictability

Airspace Design
Tactical Flow
Management
Flight Optimisation
Managing Arrivals

Edition Validity Date: 20/02/2019

Automation /
workload reduction

Operational
efficiency

Consistency and
common views of
network situation

√

√
√

√
√

√

√
√

√
√

√
√

√
√
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Flexible Use of Airspace
Tactical Network
Weather Event
Management
Collaborative Network
Management

√
√

√

√
√

√
√

√

√

√

√

Table 1 Improvements affecting the users

Table 2 maps the user stories to the challenges relating to the current architecture. For each user
story, there are at least two challenges of the current architecture to overcome.
User story

Architecture challenge
High
interdependency
between flight,
flow and airspace

Airspace Design
Tactical Flow
Management
Flight Optimisation
Managing Arrivals
Flexible Use of Airspace
Tactical Network
Weather Event
Management
Collaborative Network
Management

High
dynamicity

√
√

High volume of
data processing

√

√

√

√

√
√
√

√
√

√
√

√

√

Integration of planning,
operational and
simulation tools

√
√
√
√
√
√

Table 2 User stories and relevant architecture challenges
Table 3 identifies which user stories can benefit most from the transformational technologies
introduced by the technical enablers.
User story

Transformational technologies

Airspace Design
Tactical Flow Management
Flight Optimisation
Managing Arrivals
Flexible Use of Airspace
Tactical Network Weather Event
Management
Collaborative Network
Management

Big data

Machine Learning

Cloud

√
√
√

√
√
√

√

√

√
√
√
√
√
√
√

Table 3 User stories and transformational technologies

Edition Validity Date: 20/02/2019

Edition: 1.4

Status: Released Issue

28

EUROCONTROL
NMD

Edition Validity Date: 20/02/2019

Executive Summary

NEW NM SYSTEM ARCHITECTURE

Edition: 1.4

Status: Released Issue

29

EUROCONTROL
NMD

Executive Summary

NEW NM SYSTEM ARCHITECTURE

Annex B – Acronyms
Acronym
4D
ACC
ACC3
A-CDM
ACK
ADEP
ADES
ADS-B
AFTN
AI
AIP
AIS
AMAN
ANSP
AO
AOWIR
API
API
APT
ASM
ATC
ATCO
ATFCM
ATFM
ATM
ATS
B2B
BADA
BI
BIE
CASA
CCAMS
CDM
COTS
CPR
CRM
CSST
DECMA
DPI
EC
EAD
eEAD
EFD
EPP
ETFMS
EUACA

Meaning
4 Dimensions
Area Control Centre
Air Cargo or Mail Carrier operating into the Union from a Third Country
Airport
Airport Collaborative Decision Making
Acknowledge Message
Airport of Departure
Airport of Destination
Automatic Dependent Surveillance-Broadcast
Aeronautical Fixed Telecommunication Network
Artificial Intelligence
Aeronautical Information Publication
Aeronautical Information Services
Arrival Management
Air Navigation Service Provider
Airline Operator
Aircraft Operator What-If Reroute
Application Programming Interface
Arrival Planning Information
Airport
Airspace Management
Air Traffic Control
Air Traffic Control Officer
Air Traffic Flow and Capacity Management
Air Traffic Flow Management
Air Traffic Management
Air Traffic Services
Business to Business
Base of Aircraft Data
Business Intelligence
Business Intelligence Ecosystem
Computer-Aided Slot Allocation
Centralised (SSR) Code Assignment and Management System
Collaborative Decision Making
Commercial Off-the-Shelf
Correlated Position Report
Customer Relationship Management
Call Sign Similarity Tool
EUROCONTROL Directorate European Civil-Military Aviation
Departure Planning Information
European Commission
European AIS Database
Enhanced European AIS Database
ETFMS Flight Data
Extended Projected Profile
Enhanced Tactical Flow Management System
European Association of Airport Slot Coordinators
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FAAS
FF-ICE
FMP
FO
FOS
FPL
FTE
FUA
HMI
ICAO
IFPS
IFPUV
IOP
IT
KPI
ML
MUAC
n-CONECT
NES
NM
NMD
NMOC
NOTAM
OAT
OPL
OPS
PCP
PENS
RPAS
SAFA
SAM
SES
SESAR
SIEM
SLA
SMS
SOA
SOC
SSR
STAM
SWIM
TBO
TCO
TTA
VFR
XMAN
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Flight Plan Assessment and Alert System
Flight & Flow Information for a Collaborative Environment
Flow Management Position
Flight Object
Flight Object Server
Flight Plan
Full-Time Equivalent
Flexible Use of Airspace
Human Machine Interface
International Civil Aviation Organisation
Integrated Initial Flight Plan Processing System
IFPS Validation System
Inter Operability
Information Technology
Key Performance Indicator
Machine Learning
EUROCONTROL Maastricht Upper Area Control Centre
network-COmmoN Enhanced Collaborative ATM
NM EcoSystem
Network Manager
EUROCONTROL Network Management Directorate
Network Manager Operations Centre
Notice to Airmen
Operational Air Traffic
OPS Planning
Operations
Pilot Common Projects
Pan-European Network Services
Remotely Piloted Aircraft System
Safety Assessment of Foreign Aircraft
Slot Allocation Message
Single European Sky
Single European Sky ATM Research
Security Information and Event Management
Service Level Agreement
Short Message Service
Service Oriented Architecture
Security Operations Centre
Secondary Surveillance Radar
Short-Term ATFCM Measures
System Wide Information Management
Trajectory Based Operations
Third-Country Operator
Target Time of Arrival
Visual Flight Rules
Cross-Border Arrival Management
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