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FOREWORD
“What did your company do in 2009?” Aviation
person: “We survived.” But there are improving
prospects for 2010 as most of the world’s
countries are currently forecasting GDP growth. This
year’s financial and economic problems have been like a
serious illness, and a recovery to full health from
something that seemed life-threatening often includes a
transformation in the way we look at things. Priorities can
become clearer or change dramatically. What is likely to
change about the way people in the aviation industry,
especially the airlines, assess future ATM developments
such as SESAR and NextGen?
Airlines have already made it very clear how much the
world has changed. Giovanni Bisignani, director general
and CEO of IATA, said in August: “Conserving cash,
effectively managing capacity and cutting costs will be the
long-term theme for every business in the air transport
value chain.” Two years of negative growth have hit ATM
service providers’ income and so, with two years of lost
growth, revenue forecasts for 2011/2012 traffic are back
to 2007 levels. None of last year’s issues has gone away.
The wicked triplet of oil prices, fuel economy and climate
change (taxes and trading schemes) is still with us. The
new factors are financial. There is a large amount of debt
in all sectors of the economy, so how much higher will the
hurdles for investment be?
The key financial decision-making point here is that
service providers act as the agent for the airline
community to implement successive ATM system phases.
A 20-25 year ATM strategy is necessarily imprecise. It
must use limited information on the success of
innovations, which are dependent on changed
functionality. These have to be integrated into a legacy
infrastructure. Development of large-scale, safety critical,
software almost always takes longer and costs more than
early estimates. Therefore SESAR must be adaptable to
major changes in the business environment and
knowledge about project costs and timescales. That
flexibility in deployment must focus on ‘best value’
benefits to individual stakeholders, each with its own

financial criteria and constraints in a high debt
environment.
Airlines will need hard evidence about cash flows and
strategic gains from infrastructure platforms. The whole
structure and form of the information processing system
will change to support a variety of value-generating
applications. But the whole balance has to be right. It is
vital to maintain SESAR’s Europe-wide strategic
momentum and to implement mature pre-SESAR
programmes that provide immediate major business
benefits for stakeholders. The SESAR R&D/project
portfolio must therefore be optimised on a systematic
basis to maximise both cash-flow paybacks and the value
of its modern IT ‘intranet plus applications’ strategy.
SESAR must be constructed to be the best ATM
development programme that the stakeholders can
actually afford.
Stakeholders want to see good intentions and
substantial outline plans turned into operational
solutions, so they will ask tough questions. One such is
why ATM system changes take so long. Without more
understanding of the reasons, how can airlines/ATM
planners be confident about estimated benefits and
cashflows? As an example, airlines were demanding the
use of P-RNAV 15 years ago, but it is still an active rather
than a completed European implementation. Few people
would question the intelligence and knowledge of
Europe’s ATM technical experts. Are institutional decisionmaking processes outdated and bureaucratic – if so, what
changes must be made? Is progress slow because of the
different interests of many stakeholders, and if so would –
for example – economic incentives produce speedier
agreement? Does top management need massive
improvement to bring it to best practice? If so, how?
Dr Peter Brooker
Aviation consultant
Peter Brooker’s articles on European ATM safety and UK
airspace management begin on pages 26 and 52 of this issue.
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FIRST OF ITS KIND
Standardisation and integration come together with the first example of air traffic
management system harmonisation in Europe
Peter Nolan, Irish Aviation Authority

In the modern ATM environment, RADAR Flight Data
Processing (FDP) systems are central to any ANSP’s
operation. They bring together all the diverse data
elements required to support air traffic controllers, including
aircraft positional information and flight plan data, and make
them available on an integrated display. In addition the FDP
system facilitates the coordination of flights between sectors and
adjacent centres. But although they are complex systems, it
would be wrong to consider them as unique. Traditionally they
have been developed by adding functionality to existing systems.
This has led to a profusion of diverse systems with similar
functionality trying to interact with each other.
Henry Ford is often quoted as having said “You can have any
colour so long as it is black.” Standardisation was the
cornerstone of mass manufacturing that made cars affordable
and now ubiquitous. Such standardisation is only now finding
favour among ANSPs, in part due to changes that are taking
place as a result of the Single European Sky second package.
COOPANS (Cooperation in the Procurement of Air Navigation
Systems) is an idea whose time has come. The COOPANS
partnership is currently made up of the Irish Aviation Authority
(IAA), LFV Group (Sweden), NAVIAIR (Denmark) and Thales
ATM. Austro Control (Austria) is in accession. The aim of
COOPANS is simple: to develop a common ATM system that
will be simultaneously deployed by the aforementioned ANSPs.
This product-based initiative is founded on the high levels of
similarity that exist between the systems currently in use in
these countries. All of these systems are derivatives of the Thales
Eurocat E product.
In December 2005 the COOPANS framework agreement was
signed by the three ANSPs with Thales ATM acting as an
industrial partner. The aim was the development of a
harmonised flight data processing system based on the systems
currently deployed by the respective ANSPs.
The framework agreement also envisaged a series of software
builds that would enable the progressive development of the
COOPANS system by incrementally adding functionality. An
order for the development of Build 1 was signed in April 2006.

The COOPANS system is based on the NAVIAIR DATMAS
installation, as this is the most recent of the systems to enter
operation. In order to harmonise the systems, specific
functionality from the IAA’s CAIRDE2000 and LFV Group’s S2K
programs, have been included in COOPANS Build 1.
The immediate benefits of this cooperative approach are many
fold. Future development costs are divided between the ANSPs
and significant costs savings are expected to accrue to the
individual COOPANS members as a result. This is a central
argument in favour of the COOPANS business model. This
model has been independently evaluated and it has been verified
that significant savings will be produced over the lifetime of the
COOPANS system. Future operational requirements will be
identified and agreed between the COOPANS partners, and the
development costs shared. Too often in the past, ANSPs have
repeatedly paid for similar functionality to be integrated into
similar systems.
By working together, the overall risks associated with a project
of this scale are lowered, key resources are shared and technical
issues accounted for. In addition lessons learned and previous
experience gained by the ANSPs – both good and bad – have
shaped the system requirements. This single factor alone has
militated against a number of possible pitfalls that could have
hampered the development of COOPANS.

How it all works
COOPANS is a very complex process with a number of diverse
activities running concurrently. The Build 1 software
development is still ongoing, integration activities on multiple
sites are taking place, and the planning for Build 2 is already
underway. This would be a difficult scenario for one organisation
to control, but these tasks must now be managed by four
organisations. Teamwork and responsive decision making are
essential ingredients to the success of the COOPANS
partnership. Teams have been established to manage specific
activities, and members are empowered to make decisions to
ensure there is no unnecessary delay. One team is specifically
responsible for the management of the Build 1 development

The COOPANS development is running to
schedule with site acceptance testing
planned for 2010
6
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Common training for controllers and engineers is planned under COOPANS
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In COOPANS all the parties can play to their strengths – ANSPs can concentrate on defining the required functionality while Thales can develop the technology to support future systems

while another is tasked with the development of Build 2 and the
COOPANS roadmap. Project risks are identified early,
mitigations put in place and the COOPANS members are
proactive in identifying and tracking project risks.
The most difficult stage with any new FDP system is the
transition period from the old system to the new. As COOPANS
is designed to evolve over a number of builds rather than a
single change, the transition impact is minimised. The risks with
making a single sudden change to a flight data processing
system are also avoided. Build 1 is a harmonisation build, so
many of the features that exist in the current systems will be the
same and the Human Machine Interface (HMI) look and feel will
be retained. This will greatly facilitate training and the transition
to the COOPANS system. As COOPANS is based on the Thales
Eurocat E product it is ideally suited to this incremental
approach, where new functionality can be added in accordance
with well-planned time schedules. From the offset, ambitious
delivery schedules were established and the Build 1 version is
planned to enter service in early 2011.
To complement the benefits of a joint approach to software
development, there is a realisation that additional synergies can
be obtained by the ANSPs as they plan to take the system into
operation. The COOPANS development is running to schedule
with site acceptance testing planned for 2010. The COOPANS
goal is to move beyond common software development and
maximise the benefits of having a common system. Common

8
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Many of the features that exist in the current FDP systems will be the same under COOPANS and the HMI will be retained

training is an obvious opportunity, and already plans are in place
to develop common training for controllers and engineers.
Common logistics and maintenance support are also expected to
achieve further cost savings. The verification and validation
testing process for FDP systems is time consuming and expensive
and there are opportunities for the COOPANS members to work
together to make this process more cost efficient.
Even in the three years since the COOPANS project
commenced, new developments have emerged in the European
ATM industry. SESAR is now the focal point for all future ATM
technology development and an ambitious ATM masterplan was
produced in 2008. To allow for these developments additional
functionality was included in the COOPANS Build 1 software.
Controller Pilot Datalink Communications (CPDLC) will be
available, and it is planned to expand this functionality further in
Build 2 to meet the mandates laid down by the European
Commission. The system will support elementary Mode S and
controllers will have enhanced 4D Medium-Term Conflict
Detection (MTCD) processing and a minimum separation display
tool. In addition multiple coordination and improved inter-sector
coordination will be available. Justifiably COOPANS is considered
to be the most advanced FDP system available at this time.

Looking to the future
Maintaining alignment with SESAR is now considered a strategic
imperative for all COOPANS partners. From the beginning

COOPANS was more than a single software build; it is intended
to be a forward looking initiative and already the roadmap for
future development including Build 2 and Build 3 has been
established. As part of this process, careful consideration has
been given to the ATM masterplan to ensure COOPANS remains
compliant with the performance requirements.
Having Thales ATM involved as a partner has been a major
benefit in the evolution of the technology roadmap for the
COOPANS system. In COOPANS all the partners can play to
their strengths; the ANSPs can concentrate on identifying and
defining the required functionality while Thales can develop the
technology required to support future systems. Already the
COOPANS flight data processing element is being developed in
JAVA rather than ADA and a future JAVA-based HMI is already
under consideration. The long-term goal is to develop more
modular and flexible systems where individual software
elements from other systems can easily be integrated into the
COOPANS platform. This will simplify the future alignment of
the COOPANS system with other systems currently under
development, and ensure COOPANS remains aligned with
SESAR developments.
This is now an exciting and challenging time for the ANSPs of
Ireland, Denmark and Sweden who, in partnership with Thales
ATM, are working to deliver the first harmonised ATM system in
Europe. It will be a milestone in European aviation history and will
give us all a sense of a SESAR-dominated ATM environment ❖
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NEXTGEN TRANSFORMATION
The US NextGen effort to infuse 21st-century technology into its air traffic control system
while employing entirely new concepts of operation is well under way and will progress in
three phases
Victoria Cox, SVP for NextGen, FAA, USA
The near-term portion of NextGen continues through
2012, the mid-term addresses the period through 2018
and the far-term constitutes the denouement through
2025 and beyond. The final phase will fundamentally transform
aviation in both domestic and international airspace managed by
the USA. Because the transformation will occur in stages, it will
make incremental improvements in the core capabilities of air
traffic control and management: communications, navigation and
surveillance. Then, by the decade starting in 2020, these
improvements will coalesce into an integrated system of systems
that is much more capable of meeting expected demand and
providing economic and environmental efficiencies.
Communications will move from exclusive reliance on voice to
reliance on digital data for many aspects of air traffic control and
management. Navigation and surveillance will become more
precise with GPS positioning and more flexible as a result. And
the entire system will be tied together by a modern informationtechnology network so that data can flow freely from wherever it
originates to wherever it is needed, in real time.
Today’s NAS infrastructure of hardware and software on the
ground and in the air is not a networked system. Information is
seldom exchanged digitally between one ATC facility and another,
and a great deal of the data exchanged by pilots and controllers is
transmitted by voice radio. These communications are susceptible
to human error. The current ATC system does include some
automation tools but these are only used now to supplement what
pilots and controllers are doing to guide and track aircraft.
In the far-term phase of NextGen, the decade beginning in
2020, automation will take centre stage and become the primary
means by which controllers and pilots achieve greater air traffic
efficiency while also improving safety. The intended progress of a
flight will be defined by a set of 4D points that marry the three
spatial dimensions plus time for each step of the way from takeoff
to touchdown, even while manoeuvring on the airport surface.

NextGen will rely on GPS positioning to improve air navigation and surveillance
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Trajectory Based Operations (TBO) will come to the fore as
digital data exchanges enable machine-to-machine exchanges to
negotiate the best path for an airplane, based on what the operator
wants to do and the exigencies of the air traffic system allow. The
‘business intent’ of each operator will be granted whenever
possible, making use of available airspace for all classes of users.
Vastly improved access to the latest weather observations and
more precise forecasts of the conditions expected along a
particular aircraft’s 4D route will embed weather into routeing
decisions early in the process. Weather and aeronautical
information will also be digitised for easy access in real time
anywhere a pilot or controller needs to see it.
But as always in civil aviation, nothing happens in terms of new
capabilities or benefits unless the required hardware and software
is installed both on the aircraft and on the ground. So the FAA
can’t accomplish the NextGen mission unless aircraft operators
invest in the avionics equipment needed to make it happen.
In other words the FAA needs early adopters of new avionics
equipment just as Europe does for its very similar Single European
Sky ATM Research (SESAR) effort. So far the FAA’s approach has
been to work with aircraft operators to encourage them to equip
early, so as to enjoy some of the benefits of NextGen immediately.
Not surprisingly the world’s airlines don’t want to have to install
more than one set of avionics to be able to fly in the new
environments being created by NextGen in the USA and SESAR in
Europe. This is one reason why the FAA is working closely with
Eurocontrol and the SESAR Joint Undertaking to harmonise
NextGen and SESAR developments and requirements. In the end,
interoperability is not an option; it is an imperative.
The FAA is now working with the European Commission to
develop a Memorandum of Cooperation to strengthen our joint
commitment to harmonise our work and synchronise our
implementation timelines. We have also established working
groups in China, Japan, Mexico, Canada and India to facilitate
collaboration on research and mapping of operational concepts
and requirements to ensure compatibility.
In addition the FAA is working with ICAO and CANSO to
harmonise ATC modernisation efforts on a global scale, supported
by global standards. FAA personnel are involved in many
government and industry working groups around the world to
develop these types of standards.
One of the main ways the FAA can encourage airlines to buy
avionics early is by promising to follow a ‘best equipped, best
served’ philosophy in the use of the NAS. The details of how this
policy will work in practice have not been determined, but suffice
it to say that aircraft operators who equip early with NextGen
capability should be able to reap the benefits of the new system
earlier than operators who choose to equip later.
However the FAA’s interest in finding early adopters is running
against the wind, in that most airlines are struggling to survive

MANAGEMENT AND STRATEGY

NextGen will improve all phases of flight operations. Go to www.faa.gov/about/initiatives/nextgen/ for a video showing how ATC routes a coast-to-coast flight today and how NextGen will handle it

today’s global economic downturn. Airline managers have always
been required to build a business case for why their carrier should
spend money on new avionics equipment. But in the current
economic hard times the business case has to be more clear-cut
than ever before.
So the FAA is working as closely as it can with airlines, business
aviation operators and general aviation aircraft owners (among
other stakeholders) to try to identify early benefits that NextGen
can deliver. These benefits may help seal the business case for the
airlines and other aircraft operators. Not all avionics equipage for
NextGen will be voluntary. For example, the FAA expects to issue
a final rule in 2010 requiring ADS-B transmission capability on
aircraft by 2020.
The FAA has also been proactive and has helped launch a
NextGen Implementation Task Force under the auspices of RTCA
to study how the agency might be able to deliver benefits even
earlier than currently foreseen to stakeholders in the near- and
mid-term. The final report from this RTCA group is available at
www.rtca.org.
The task force is headed by Captain Steve Dickson, senior vice
president of flight operations for Delta Air Lines; Dr Michael
Romanowski is the designated federal official. Dr Romanowski is
the director of the NextGen Implementation and Integration
Office. He has broad responsibility for making NextGen happen
across a wide range of FAA activities.
The FAA’s near-term programme of work for NextGen has
emphasised forming partnerships with third parties, conducting

flight trials, and developing routes and procedures that take
advantage of existing technologies with which many operators are
already equipped. These early initiatives will provide the sort of
invaluable real-world data the FAA needs to guide the
implementation of NextGen. Near-term data can help us fine tune
our mid-term goals through 2018 and validate that we are on the
right track with the concepts of operation that drive our far-term
effort through 2025 and beyond.
Meanwhile a wide range of work is under way at the FAA to set
the stage for the mid-term implementation of NextGen while
research and development projects refine some of the concepts to
be employed in the far term phase of the effort.
Some of the efforts underway or planned for the near future are:
• Asia and South Pacific Initiative To Reduce Emissions (ASPIRE).
The FAA is working in partnership with Airservices Australia and
Airways New Zealand to accelerate the use of gate-to-gate
procedures as part of a holistic approach to best environmental
practices for the South Pacific. During several Pacific Ocean
crossings to date, flights have enjoyed improved handling for
departure, more nearly optimised routeing over the ocean and
tailored arrivals for optimal descent paths at San Francisco and
Los Angeles airports. These demonstrations have shown
substantial fuel savings and emissions reductions.
• Atlantic Interoperability Initiative to Reduce Emissions (AIRE).
The FAA, the SESAR Joint Undertaking and a host of other ANSPs
are participating in this effort, as are Boeing, Airbus and several
airlines. The first flight demonstrations in May 2008 used updated
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ADS-B transceivers on oil drilling platforms in the Gulf of Mexico will soon provide ATC
surveillance and other services to helicopters and fixed-wing aircraft

wind forecasts and flexible routeings to save about one percent of
fuel during ocean crossings between Spain and the Caribbean.
These en-route optimisation demonstrations were expanded in
2009, and are being developed to establish a near-term
optimisation procedure based on existing technology. Full gate-togate demonstrations with improvements in all segments of flight
and during surface operations are planned for fiscal year 2010.
• Tailored arrival demonstrations at San Francisco International
involving the use of FANS-1 avionics for the exchange of 4D
trajectory data. These trials began in 2006. A tailored arrival
consists of a customised flight path assigned to an aircraft based
on current air traffic. The path can span the airspace of multiple
en-route, approach and terminal control facilities. Aircraft able to
fly a full tailored arrival save an average of 1040kg of fuel and
those flying a partial one (when traffic congestion dictates) save
about half that much. Tailored arrivals also reduce the emission of
greenhouse gases – a key goal of NextGen improvements. Earlystage trials of tailored arrivals have also been conducted into
Miami and Los Angeles International Airports.
• Continuous descent arrivals (CDAs) at Los Angeles International
Airport. Airlines are flying about 400 of these a day when arriving
at the airport from the west over the ocean.
• 3D path arrival management (3D PAM), in which an aircraft
executes an enhanced descent profile conforming to a traffic
management advisor (TMA) plan. Integrated ATC and flight deck
simulation was completed in September 2008 and flight trials are
to be conducted at Denver.
• Unmanned aircraft system (UAS) 4D trajectory concepts and
examination of how they might be integrated into a future
NextGen environment. The FAA’s partners include AAI, General
Atomics and GE.
Many of the current trials are testing procedures that will be
much more widely adopted in the USA by the mid-term phase,
through 2018. The FAA’s goals in the mid-term are spelled out in
the NextGen Implementation Plan, a document the FAA publishes
each year. The 2009 Implementation Plan is available at www.faa.
gov/about/initiatives/nextgen. It was published in January 2009
and should be superseded by a 2010 version early next year.
The mid-term capabilities being created through 2018 include
an early move into digital data communications, the creation of
the initial aspects of a modern information technology network
for the US ATC system of systems and other key developments.
What will the NAS look like in 2018? The FAA expects to have
the ground infrastructure of ADS-B completed in 2013, so that
will have been up and running for five years. The mandate for
ADS-B out equipage will have a 2020 deadline, so many aircraft
operators will have installed that equipment by 2018. The rest
will have two years left to comply. ADS-B will be providing
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surveillance to air traffic controllers in the USA as well as traffic
information services broadcast (TIS-B) and flight information
services broadcast (FIS-B) to aircraft operators capable of receiving
the data. In fact the first TIS-B and FIS-B services are being used
in South Florida now and the use of ADS-B for air traffic
surveillance is expected soon in Louisville, Kentucky.
Moreover ADS-B implementation is under way in the Gulf of
Mexico. This effort includes a partnership between the FAA and
the Helicopter Association International. More than 40 companies
that operate helicopters in the Gulf of Mexico are participating
and equipping aircraft to send position data to air traffic control
for surveillance efficiency and to be able to receive weather
information to improve safety. In addition to 35 weather stations
and a number of radio communications systems, the FAA is
installing ADS-B ground stations at about 21 locations on offshore
oil platforms and along the shores of the Gulf of Mexico.
In air navigation there will be extensive use of required
navigation performance (RNP), area navigation (RNAV) and other
types of performance-based navigation by 2018. The USA is in the
initial steps of using these procedures except in Alaska, where
RNP has been in use by Alaska Airlines with FAA assistance for
more than a decade.
By 2018 Wide Area Augmentation System Localiser
Performance with Vertical Guidance (WAAS-LPV) approaches will
be extensively used. The FAA has already published more WAAS
LPV procedures than there are ILS approaches in the USA, and
increasing numbers of aircraft operators, especially those in
general aviation, are expected to take advantage of this capability
in the years ahead.
Also by 2018 the FAA will be in the initial stages of trajectorybased operations and the use of network-centric techniques to
create a much more capable, modern information technology
network to carry all sorts of data around the ATC system of
systems. Weather data and forecasts will have entered a new
realm, to put more useful information in the hands of pilots,
dispatchers and controllers when, where and how they need it.
Surface surveillance is already in the initial stages of a
revolution that will grow into a much more robust capability by
2018, when controllers will have displays showing aircraft
movement on the surface. And algorithms will even calculate the
taxi path to the best runway for each aircraft before it pushes back
from the gate. The use of all types of optimised profile descents,
from tailored arrivals to continuous descent approaches, will be in
widespread use.
Through all these improvements, total flight delays and fuel use
will be reduced and the NAS will be able to accommodate more
flights. This increase in capacity will be essential, assuming that
air traffic growth resumes its historical growth.
Preliminary modelling of a series of NextGen capabilities shows
that by 2018, total flight delays could be reduced by an estimated
35-40 percent, saving almost a billion gallons of fuel per year.
Considering these figures it is not surprising that airlines should
be so focused on capturing available benefits in the near- and
mid-term of NextGen.
Figures like this also explain why the FAA is pursuing NextGen
development so intently. And the good news from Washington is
that the effort has the support of the White House, the
Department of Transportation and Congress. The budget for the
programme has ramped up nearly seven fold over the four fiscal
years leading up to this year’s request for more than US$800
million. Funding on this scale is expected to continue. ❖
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STAIRCASE TO INTEGRATED AIM
How to embark on future aeronautical information management
Dr Günter Hellstern and Ulrich Kaage, COMSOFT, Germany

Integrated aeronautical information management (AIM)
is a buzz-phrase that addresses the demanding needs of
tomorrow’s air traffic and flight management for
consistent and up-to-date data. It is obvious that only AIM
solutions based on the latest international standards will be
made ready for the future, and any proprietary approach will
lead to a dead end. Two possible migration scenarios, from
conventional aeronautical information services (AIS) to AIM, can
be identified and are discussed in this article according to key
criteria such as risk, costs, smoothness of transition and longterm vendor dependency.

AIS
For many years historical and technological reasons constituted
two clearly separated areas of AIS. States are required to publish
primarily paper-based documents such as aeronautical
information publications (AIP) and aeronautical charts. These
documents form the static data part of the AIS. In addition to
these slow-to-distribute paper documents, aeronautical messages
such as NOTAMs are used to supply facts at short notice. This

Figure 1: Conventional aeronautical information services

message-orientated data exchange makes up the dynamic part of
AIS, which can be accomplished by meteorological information.
A number of offices as well as a number of distribution
channels are required in order to produce, manage and
disseminate the information that is finally used by
airlines and pilots during all phases of a flight in
order to safely guide air traffic (Figure 1).
Since information is distributed over several
separate databases and often even managed by
different offices or departments, it is a tedious and
costly task to make data consistently available all
the time. Increasing air traffic, restricted air space
and necessary cost savings, however, make more
efficient data management compulsory.

Integrating AIS

Figure 2: Integrated AIS setup
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As a first step we can ensure data consistency by
centralising data management. The key approach is
to store all relevant data in a single database, which
will then be used by various specialised applications
as depicted in Figure 2.
As an example, COMSOFT recently supplied and
set up a country-wide AIS network for Vietnam’s
national ANSP VANSCORP, including 22 locations
with one master database and three replicated subsite databases. Using open standards, COMSOFT
has built a best-of-breed AIS by integrating its own
application together with products from other
market-leading vendors.
Thus VANSCORP can centrally manage the data
for NOTAM, OPMET/BUFR/GRIB, electronic AIP,

MANAGEMENT AND STRATEGY

search and rescue, documentation services and aeronautical
charting. A supplementary subsystem for integrated briefing and
flight planning makes use of this data, and an internet-based
web portal provides services to airlines and pilots. As the
majority of VANSCORP’s existing AIS data was paper-based,
COMSOFT laid out a comprehensive migration plan to digitise
the data in a safe manner.
Fully automated and integrated AIS implementations like this
are a major step in the AIM direction as they ensure a
tremendous increase in quality and accuracy of data compared
with distributed AIS. However static data and dynamic updates
are still handled separately. It is left to airlines and pilots to reestablish this link and to put together a puzzle of different
pieces, which are distributed through separate media channels
and received at different times. It is obvious that this cognitive
process is labour-intensive and error-prone, and no longer befits
the information era in which we live.
Recent, accurate and most of all digitally machine-readable
data would enable airlines to optimise their flights and make
travelling more economical. Major advantages would be fewer
delays, reduced fuel consumption, reduced operational costs,
less carbon-dioxide footprint and increased inflight situation
awareness and flight safety.

Data fusion in AIM
The findings of the previous sections are in fact part of an
ongoing discussion in the aeronautical community. Eurocontrol
and the FAA have jointly defined a comprehensive and holistic
data model to tackle the issue of currently inhomogeneous and
not fully machine-readable data. It is named the Aeronautical
Information Exchange Model Version 5 (AIXM 5) and is in-line
with a long history of successful AIXM versions.
AIXM 5 is the first AIXM version that enables data fusion –
the combination of static and dynamic data persists even when
passing system boundaries. Therefore AIXM 5 is the first of the
AIXM versions that enables true AIM. The most outstanding
differences and benefits compared with its predecessor, AIXM
4.5 are:
• A temporality model integrates dynamic data (NOTAM,
weather, etc) with static data;
• It is based on OGC (Open Geospatial Consortium) and ISO
standards;
• It is extensible, easily allowing the addition of further domain
specific information.
When designing AIXM 5 the goal was to pave the way for a
revolutionary enhanced AIM concept but not to be backward
compatible to data structures of existing AIS implementations.
This entails the unspoken truth that existing AIS equipment
cannot be upgraded to AIXM 5 as easily as was the case when

Figure 3: Hybrid AIM migration

moving from AIXM 3.3 to AIXM 4.5. The main reasons are:
• Existing vendor-proprietary database models and extensions
are not compatible with AIXM 5;
• The advanced features of AIXM 5 also require latest database
concepts and implementation technology;
• Existing applications are linked with earlier AIXM data
structures and need to be changed to deal with AIXM 5 data.

NOTAMs go digital
The new capabilities that come with the fusion of static and
dynamic data will fundamentally enhance the handling of
NOTAMs. Digital NOTAMs, as defined in AIXM 5, can be
interpreted by automated systems in the same way as static data,
and this will foster the development of completely new and
advanced end-user applications. For instance new generations of
electronic flight bags will immediately show updated NOTAM

Recent, accurate and most of all
digitally machine-readable data would
enable airlines to optimise their flights
AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010 15.
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Figure 4: Modular AIM concept

information inflight, improving the pilot’s situational awareness.
Onboard equipment will be able to interpret short-notice
information such as airspace closures, and runway closures or
shortenings. Flight management systems will also be able to take
this information into account and assist pilots in carrying out
the right procedure.
While it is not possible to fully automate the conversion of
conventional NOTAMs into digital NOTAMs, the reverse is a
straightforward procedure. Therefore national organisations can
internally switch to digital NOTAMs and provide the necessary
backward compatibility for remote partners that are still
connected to the conventional ICAO NOTAM distribution
network.

Migration to AIM
The instant advantages of an AIM based on AIXM 5 have been
made obvious but the question arises how to best embark on the
future. As stated earlier, moving to AIXM 5 is not just a small
software update but needs to be carefully planned. One should
consider the following criteria:
• Costs for initial purchasing and maintenance;
• Risk for operational usability and safety;
• Smoothness of transition;
• Long-term dependency on vendors.

Migration scenarios
Hybrid migration With this approach both the database and the

applications are migrated to AIXM 5 on a step-by-step basis.
Applications and database are kept in hybrid state and they deal
with the old and the new data model at the same time. For
instance in a first straightforward step only the part of AIXM 5
dealing with obstacles will be implemented; all other data will
stay in the original format. A number of further – and more
complex – steps are required until all data is fully migrated to
AIXM 5.
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With each new update all applications are updated
synchronously, e.g. when the obstacle model is
migrated to AIXM 5 then every application dealing
with obstacles (AIP, charting, NOTAM) is changed.
The full advantage of AIXM 5, in particular the
desired combination of digital NOTAMs and static
data, may not be achieved for years, when migration
is complete.
The hybrid approach entails the following
disadvantages:
• It uses two separate data models in parallel and
therefore has to be considered as a step back in
reaching the goal of maintaining only one central
aeronautical database;
• The maintenance effort is high because labourintensive activities arise for each database and
application update;
• Performance figures are most likely to drop if
advanced AIXM 5 features are implemented as a
piggyback to conventional databases;
• There is a risk of data inconsistency when
iteratively changing data models;
• Several teams of staff may need to be trained after
each software update.
These disadvantages speak for themselves and
there is little prospect of a risk-free migration of data
and services. The question is now why many AIS system
vendors propose hybrid migration, and the answer is simple and
obvious: The upfront investment for this approach is much
lower for the vendor. As a side effect customers are completely
tied to the vendor because during the long migration phase
there is no real compatibility with system components from
other vendors.
Modular migration Another approach is to accept that AIXM 5 is a
groundbreaking new standard and to consider a full AIXM 5
database implementation as the basis for a strategic system
redesign. Application modules can either apply AIXM 5 or older
standards. An online conversion module enables interfacing
with system components that are still based on AIXM 3.3 or 4.5,
ARINC, or even proprietary data-exchange formats.
The modular concept opens up the utmost flexible migration
scenario with a great number of advantages:
• Low safety risk because all operationally relevant data can be
imported into AIXM 5 in one step, guaranteeing consistency and
completeness;
• The AIXM 5 data management front-end enables the user to
extend the initial data, thus taking full advantage of the rich
feature set from the very beginning. All imported data is stored
in a single data model and has already been prepared for
interaction with digital NOTAMs;
• Maintenance is low because applications only need a single
update. These updates can be performed on an individual
schedule for each application without interfering with other
parts of the system;
• The database has been designed in accordance with the
demands of AIXM 5 and all performance figures are known from
the outset.
The modular approach enables users to define the following
smooth exemplary migration scenario:
• Database update to AIXM 5;
• Electronic AIP application update;
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• Aeronautical Charting application update;
• NOTAM office application update to switch
to digital NOTAMs.
Costs and risk are low for the user because
the migration is transparent, and unlike with
the hybrid migration, hidden costs can be
avoided. In particular the customer is not tied
to a single vendor but can choose from a
number of products because AIXM 5 defines a
Figure 5: Migration criteria
well-standardised data-exchange format. Many
risks have been shifted from the operational
phase to the vendor’s initial system
AIXM 5 implementation means experiencing the advantages of
development and have been tackled there. COMSOFT is the
AIXM 5 from the beginning.
only AIM manufacturer who has taken this risk for the benefit of
Moreover the proposed solution applies modern system
customers and has already implemented this promising but
architecture principles while being fully backwards compatible
demanding concept. Another benefit of COMSOFT’s modern
and unmatched in terms of interoperability and extendibility.
design, based on service-oriented architecture (SOA) principles,
Convinced by this strategy, European organisations have
is that workflows can be adjusted swiftly to the user’s needs.
already embarked on the COMSOFT migration path. A fully
Conclusion
featured database implementing AIXM 5.1 with an electronic
COMSOFT’s design concept facilitates a migration scenario for
AIP application and interfacing to the European AIS Database
AIS data and services that enables organisations to approach
(EAD) will be commissioned by the end of 2009 in Estonia,
AIM at a very low risk and in a smooth manner. Total cost of
enabling users to benefit from the first operational AIM
ownership can be fully assessed in advance. The comprehensive
worldwide. ❖
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WORLD WEATHER
The ICAO World Area Forecast System and its evolving future in support of flight planning
Steven R. Albersheim, FAA, USA; Nigel Gait, MET Office, UK; Andy Wells, CAA, UK; and Larry Burch, National
Weather Service, USA

Figure 1: International satellite communication system

In 1982 at the conjoint ICAO-World Meteorology
Organisation (WMO) Meteorological Divisional meeting
it was agreed to establish a World Area Forecast System
(WAFS) to provide meteorological data for upper wind and
temperature for flight planning in a digital format. ICAO,
recognising the evolutionary changes that were taking place in
the airline industry, set in motion a process that is still evolving
today to take advantage of the latest technology and capabilities
of supercomputers. These systems are capable of processing
millions of weather observations to provide global gridded data
fields of wind and temperature for flight planning systems. At
the same time there was an obligation to provide high-level
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(FL250 and above) significant weather charts to advise
dispatchers and pilots of hazardous weather that could be
encountered en-route.
It was agreed in 1982 that two States/Members would accept
responsibility for operation of the WAFS. The USA and the UK
established World Area Forecast Centres (WAFC) to provide this
capability and agreed to provide a satellite broadcast to
disseminate these products. These centres are known as the
London and Washington WAFC. The establishment of two
centres enabled the needed redundancy to ensure continuity of
service if there were a failure or disruption of service at one of
the centres.

MANAGEMENT AND STRATEGY

Figure 2: Upper wind and temperature chart. Source: ICAO Annex 3, Appendix 1

Figure 3: High-level significant weather chart, polar stereographic projection. Source:
ICAO Annex 3, Appendix 1

There are two major components of the WAFS. Each Provider
State must have the resources and capabilities to provide global
forecasts of wind, temperature and significant weather, and the
ability to disseminate this information. At the time of the
establishment of the WAFS only the USA and the UK had those
capabilities.
To define the service needs for the WAFS, ICAO established a
World Area Forecast System Study Group (WAFSSG). This study
group defined the initial operating capabilities for the WAFC. As
the WAFS matured the WAFSSG transitioned to the World Area
Forecast Operations Group (WAFSOPSG). The operations group
provides direct oversight of the operation of the WAFS and the
WAFC, even though ICAO does not allocate any resources for
the operations of the WAFS other than administering meetings.
The WAFSOPSG ensures that the service needs are being
fulfilled to meet user operational requirements and determines
what development work is required to meet future needs. The
WAFSOPSG has representation from selected States from each
ICAO Region, the World Meteorological Organisation (WMO) ,
IATA, IFALPA and the two WAFS Provider States. This ensures
that all ICAO Regions are fairly represented along with the two
principal users in the establishment of the service requirements.
State representation enables both the full picture of ATM needs
in the different geographical locations to be taken into account,
as well as input from national meteorological services on service
quality issues.

responsibility. These RAFC basically provided coverage for each
of the ICAO Regions. However the ability of the RAFC to take
advantage of emerging technology and new numerical models
was limited. Doing business the old way would not support the
future aviation industry, which required digital data for ingestion
into flight planning systems and flight management systems.
Phasing out the RAFC was a complicated and involved
process. While much has changed in the WAFC capabilities to
provide meteorological information, the initial operating concept
was for the WAFC to provide meteorological information for
FL250 and above, up to FL600, to cater for supersonic transport
operations. States were still responsible for the provision of
aeronautical meteorological information for middle and low
flight levels. But the initial operating conditions have evolved. It
was also understood while the principal recipient of the WAFS
products were airline operations centres (AOC), the wealth of
information that would be provided in the gridded data sets
would be available to States to better support their domestic
aeronautical meteorological services and the services required in
Annex 3 for short-haul flights, operating typically around FL250
or below.

Roles and responsibilities
Before the WAFC were established, ICAO Regional Area Forecast
Centres (RAFC) provided significant weather for their area of

Communication
The second key component of the WAFS is the ability of the
Provider States to globally disseminate the WAFS products. At
the 1982 meeting ICAO recognised that the Aeronautical Fixed
Telecommunication Network (AFTN) could not disseminate the
WAFS data volumes and that it would be years before States
were able to upgrade or provide new communication circuits
that could accommodate this requirement. The obvious choice

The WAFSOPSG ensures that the service
needs are being fulfilled to meet user
operational requirements
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Figure 4: WAFS prototype forecast of CB Clouds

Figure 5: WAFS prototype high-at-a-glance en-route forecasts of CB, turbulence and jet stream

was to distribute the WAFS products via a satellite broadcast to
dedicated systems programmed to ingest the gridded data for
use in flight planning systems and flight documentation.
The point-to-point distribution supported by AFTN had to
give way to point to multipoint system that was to be supported
by a satellite broadcast. The UK established a satellite broadcast
in the early 1990s to meet the requirements of the ICAO
European Air Navigation Planning Group, which had requested
the development of a system for the distribution of WAFS data
as one component of the AFS. Originally the system was
intended to serve the ICAO European (EUR) and Middle East
(MID) regions, but it was subsequently extended to serve the
Africa-Indian Ocean (AFI) region and the western part of the
Asia/Pacific region and is known as the Satellite Distribution
System for Information Relating to Air Navigation (SADIS).
At about the same time the USA established the International
Satellite Communication System (ISCS); Figure 1 shows the area
of coverage. The satellite broadcast has served fairly well for the
past 15-20 years in providing information that could not be
provided over AFTN circuits even with the planned upgrades for
AFTN that are still under way. Given the escalating costs of
satellite services (particularly in terms of additional bandwidth)
the WAFC are looking at other options to provide this same
capability without degrading services. That option is now the
public internet.
When the WAFS was first conceived it was envisioned that
satellite broadcasts would provide the multipoint capability. The
internet did not exist in 1982 and is now a supplemental
distribution mechanism to the satellite broadcasts (e.g. SADIS
FTP service) With Amendment 75 to Annex 3, the public
internet will be recognised as a means of accessing
meteorological information in support of flight planning. Both
WAFC will use the internet in the future.

disseminate Operational Meteorological Data (OPMET) in a
single broadcast rather than trying to retrieve individual reports
at OPMET databanks around the globe.
IATA defined the initial operational requirements for these
service needs to support their flight planning systems and still
continues to participate actively as a key member of the ICAO
WAFSOPSG, defining the evolving operational requirements to
meet the emerging capabilities of today’s long-haul aircraft.
Providing information for low flight levels is still considered the
responsibility of individual States. While this basic concept is
still in place, advances continue to be made in numerical
modelling that can assist this role.
During the first decade of the WAFS most of the effort was
concentrated on improving the numerical models to provide the
best global wind and temperature information in a gridded field
so that operators could select the most optimal flight paths for
efficiency of operations. Since then the numerical models that
provide the gridded data have evolved considerably such that
the level of accuracy of wind and temperature information is not
even questioned.

Industry needs
The initial operating concept of the WAFS that emerged from
the 1982 meeting is very different today. Initially the WAFC
were to provide aeronautical meteorological information for
high-altitude flight levels and information only for selected
geographical regions for mid-level flight levels. But with airlines
rapidly moving more and more to centralised dispatch they saw
the advantages of the WAFS and the ability to globally
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Operation of the WAFS
The operation of the WAFS has evolved over three decades.
Only in the 1990s did it mature to a level where the operation
was considered sufficiently mature that the ICAO RAFC could
be closed. The WAFC began to take full responsibility for the
provision of global wind and temperature data in the WMO
Gridded Binary (GRIB) format. But just as important, the WAFC
took on the responsibility to provide global significant weather
charts in the WMO T4 fax format and since 2005 in the binary
universal form of data representation (BUFR) format. The
importance of this is that the provision of this information in
binary format enabled advances in automation. Flight-planning
systems are now able to ingest digitised data to determine the
optimal flight path while avoiding significant weather hazards.
With Amendment 75 to Annex 3, effective November 2010,
there will be a change in the provision of wind and temperature
data. The computers used by operators and flight-planning
companies have faster processors today than 20 years ago and
can accommodate larger volumes of data. User requirements are
now for more detailed forecasts in the vertical at cruising
altitudes and for greater temporal resolution. The limitation for
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WAFS products is not necessarily the processor but the means of
communicating the information, in that these large volumes of
data require more bandwidth for transmission than was
previously envisioned. In November 2010 the WAFC will make
available to users the WAFS gridded data fields at a regular 1.25°
x 1.25° resolution, at three-hourly temporal resolution and with
additional vertical levels at FL270, 320 and 360. Both WAFC are
using compression algorithms to ensure that the data can be
transmitted in an acceptable time window.
Figure 2 is extracted from the Annex 3, Appendix 1 and
shows the visual display of the wind and temperature fields that
would be provided to an operator based on the gridded data.
Figure 3 shows a high-level significant weather chart.
The greatest challenge to the WAFC is the provision of the
significant weather charts. There is very little dispute over the
quality of the gridded wind and temperature data, but over the
years most of the discussion at the WAFSOPSG has focused on
the quality and the information that is to be provided in the
significant weather charts. The initial significant weather charts
that were provided were required to emulate the significant
weather charts provided by the RAFC as an initial operating
capability that was reasonable.
During the transition from the RAFC to the WAFC there was a
need to provide information on a wide range of aeronautical
meteorological phenomena, for a multitude of flight levels. IATA
recognised this disparity and for flight-planning purposes began
to advocate that all the information required on the initial
significant weather charts was no longer germane to today’s
flight planning system. IATA understood there was a need to
separate flight-planning requirements based on out-of date
protocols from the evolving future Air Traffic Management
System and Flight Planning Systems. IATA accepted that
significant weather charts would only be an approximation of
weather conditions along the flight path and that SIGMET
would be used to supplement these flight-planning charts before
schedule departure and during the en-route phase of flight.
However that was not the only diversion confronting the
WAFS. The Provider States began to recognise that the products
were becoming more sophisticated and more suitable for
machine-to-machine interface that some States (especially the
least-developed countries) could not provide basic flight
documentation without the need for expensive computer
systems. To solve this problem the Provider States began issuing
significant weather charts in Portable Network Graphic (PNG)
charts that can easily be displayed on a workstation with
standard internet browser software. The operator of the
workstation only has to retrieve the PNG chart and print it out
for the flight crew.
Recognising the availability of the internet as a dissemination
medium, the SADIS Provider State started to provide the WAFS
products on an FTP server as a backup to the SADIS satellite
broadcast from around 2004. As noted above, with the
acceptance of the internet as a means to disseminate WAFS
products from 2010, ICAO requested that the WAFC develop a
web-based service that could support the least-developed
countries in providing the most essential and meaningful charts
to their users.
The potential number of charts that could be generated from
the WAFS gridded data is enormous, but IATA and IFALPA
quickly recognised that pilots still require access to forecast
weather hazards for a route using a minimum set of weather

charts (ideally a single chart for each flight). Hence the
emergence of the web-based service where a select number of
products will be made for the pilot to take onto the flight deck.
More sophisticated charts that can display the significant
weather hazards over long-haul routes of, say, 10 hours or more
will remain the preserve of the more sophisticated workstations
and flight briefing providers.

Evolving operational requirements
Initially the WAFC were charged with the provision of only
high-level (above FL250) significant weather and medium-level
(FL100-250) significant weather charts. IATA and IFALPA,
recognising the skill and capability of the WAFC, now require
the provision of medium-level significant weather forecasts
globally. During the past several years the WAFC have developed
the capability to provide global icing, turbulence and convective
forecasts in support of flight planning.
At a recent WAFS Science meeting held in Washington DC in
April 2009, the WAFC reported on the verification of these
products. The results were impressive in that for the first time
there is an ability to provide a global set of products for icing,
turbulence and convection. While there is still considerable
amount of work that has to be done before these products are
fully deployed operationally, a significant step has been made for
flight planning purposes. Figures 4 & 5 are examples of these
products. Guidance will be issued by the WAFC on how to use
these products so users understand the limitations. These new
products will be tied in with the web-based service to be
provided in the future.

NEXTGEN and SESAR
While the operating requirements for meteorological
information in support of NEXTGEN and SESAR are still
evolving, the role of the WAFC will be a central function of this
operation. Key to the NEXTGEN and SESAR is the single
authoritative source of information. Also of central importance is
the NET-CENTRIC approach of distribution of the data in that
the user will be able to retrieve the meteorological information
needed to support his mission in time and space at any given
time. The WAFC, by having the capability to provide global
gridded data, will be a central role of this capability, through
which all users from meteorological watch offices, flight
planning vendors, airline operations centres, air traffic managers,
flight crews will have available to them the same common data
set for situational awareness.

Summary
The WAFS was conceived some 25 years ago when it was
recognised that airlines required a centralisation of
meteorological information to support international flight
planning. Since that time the operational requirements for the
WAFS have evolved and the capabilities of the two WAFS
Provider States have changed. Today’s supercomputers and the
advances made in numerical modelling now allow the two
WAFC to provide global products that were not possible 25
years ago. The airlines have changed their business models and
have increasingly moved to automation and require information
in a digital format that allows seamless transfer of information
around the world. The role of the WAFS and the two WAFC will
continue to evolve as technology changes and further advances
are made in forecasting. ❖
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CHANGE AND CHALLENGE
There are many challenges – capacity, environmental and economic – facing air transport.
We must ensure that future passenger and freight traffic can be accommodated safely,
effectively and sustainably
David McMillan, Director General Eurocontrol

Hindsight, they say, is 20-20 vision. Our view of the
future is not quite so clear. Trying to catch a glimpse of
what lies ahead can be frustrating because these days
the pace of change is accelerating so rapidly that what appear to
be issues at this moment in time may not be so important a
decade or two down the line.
Not everything changes, of course. One constant concern in
our line of business is safety – and that is going to stay the same
in the future. The sheer numbers of flights we accommodate in
European skies is impressive – generally over 30,000 a day with
peaks of over 34,000 at times.
Given the volume of traffic handled, it came as a relief that
there were no ATM-induced accidents in Europe last year. We
also found that there were fewer reports of high-risk separation
minima infringements and runway incursions. This appears to
be indicative of a positive downward trend that we have seen
over the past three years and we can be glad of this: it shows
that the projects we have been working on are bearing fruit.
But it is not enough; more needs to be done. In particular,
States and ANSPs need to make more contributions, and more

Comparative traffic figures, 2008-2009
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transparent contributions, to the Safety Analysis Function
Eurocontrol and associated Repository (SAFER). The Safety
Regulation Commission reports that although the quality of data
provided to SAFER is improving, the amounts of data sent in are
disappointingly small and in addition to this a number of States
do not report at all.
This must change. We all know only too well that in order to
learn from incidents properly and to be able to determine trends
and identify risk areas, we need to have as much information as
possible. Safety is a marathon with no finish line; it is our first
and most important responsibility and that will not change.

The economic climate today
A recent change that has been very much to the fore is the
economic climate. We are living through the first global
recession since the Second World War, according to the
International Monetary Fund. Although there could be some
signs that the crisis is just starting to emerge from its nadir, we
clearly still have some way to go before recovery.
Martin Robinson, vice president of the International Owners
and Pilots Association,
compares general aviation
to a “pit canary, which keels
over first when the
atmosphere turns sour”. I
feel sure that he is quite
right, but I would go so far
as to say that the air
transport industry generally
is something of a pit canary.
It thrives when the world
economy is doing well, but
when things are bad one of
the first things people cut
down on is air travel.
Eurocontrol’s experts
estimate that the forecast
growth for 2009 is -4.9
percent and they attribute
this negative figure directly
to the economic crisis.
Since 1960 we’ve had an
average of nearly four
percent growth a year, so
this is quite a reversal.
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Growth: past, present and future

Two segments that have been drivers of air traffic growth for
several years have now been heavily affected themselves: lowcost carriers’ traffic has declined by five percent and business
aviation, which had been growing steadily since 9/11 as
companies protected their senior executives, has fallen by a
significant 22 percent.
Traffic flows outside Europe have also been affected. Any
benefits from the EU-US Open Skies agreement, which came
into effect last spring, have been pretty much wiped out by weak
trans-Atlantic demand, which has fallen by nine percent. Traffic
flows from Russia, too, have fallen by eight percent.
The overwhelming temptation for all of us – not just in ATM –
is to hunker down and wait for the storm to pass. But we cannot
afford to do this. We saw what happened the last time we
stopped investing in aviation infrastructure: nightmare delays
caused by overloading an inadequate system. Growth might be
negative now but our experts are all convinced that it is not
going to stay this way in the long term.
Aviation went through turbulent times in the past: 1971 and
1981 were marked by oil crises; 1991 saw the war in Iraq and
sharp dips in air traffic; 2001 had the 9/11 attacks. But despite
these challenging times traffic always recovered and went on to
grow. Congestion is not just a bad memory from the late 1980s
and 1990s; it can happen again and we think it could unless
serious action is taken.

From change to challenge: congestion
As well as safety, which is always with us, our two main
challenges lie in dealing with potential congestion in the future
and the environment. Eurocontrol publishes a series of studies
aimed at giving decision makers reliable data: Challenges of

Growth. Three have been issued so far
and the latest appeared last year in
November 2008.
This new study is based on a survey
of capacity plans at 138 airports – twice
as many as contributed before – and on
Eurocontrol’s latest long-term forecasts.
Airports, it is pointed out, are already
dealing with some of the challenges
that were identified in previous reports.
Our survey found that these 138
airports plan to increase capacity by a
total of 41 percent between 2007 and
2030. But this, unfortunately, will not
be enough. The 2008 study presents
four scenarios, the most likely of which
predicts a demand of 20.4 million
flights per year. If there are indeed that
many flights, the system – even if all
the current planned investment is made – will not be able to
cope. There could be a demand for 2.3 million more flights a
year than the airports can deal with. That is 6,300
unaccommodated flights per day – a shortfall that is equivalent
to the traffic normally handled by today’s 10 busiest airports.
As more segments of the network reach capacity and there are
more delay-causing events, the network as a whole will be
affected and will become vulnerable to regular delay. This may
sound like a grim outlook but it is, in its way, a positive result of
growth. The answer is to help aviation avoid becoming a victim
of its own success.
Europe will need to maintain an agile air transport system,
that is able to respond quickly to changes in demand and
potential disruption to smooth operations between congested
airports. Testing times lie ahead for the air transport industry –
but it has survived difficult periods in the past and can do so
again in the future, providing that we equip ourselves with the
right tools and work together.

Aviation and the environment
Speaking just before his nomination, US President Obama
noted: “Now is the time to confront the [environmental]
challenge once and for all. Delay is no longer an option. Denial
is no longer an acceptable response. The stakes are too high. The
consequences too serious.”
He was perfectly right. Although we are making progress we
need to go further. Aviation is responsible for only a fraction of
CO2 emissions, but if traffic continues to grow as expected
aviation’s contribution to climate change will increase.
Not only are emissions from air travel increasing in absolute
terms, but against a background of emissions reductions from

Our two main challenges lie in dealing
with potential congestion in the future
and the environment
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CO2 emissions per sector

other sources, the relative rate of increase is even greater. If
emissions from other sources are reduced and aviation grows as
projected, then, by 2050, aviation will be one of the major
sources of anthropogenic climate change.
In a recently published report, Eurocontrol experts revealed
their predictions for the future, arguing that the changing world
climate has definite implications for air transport. They say that
sea level rise is projected to continue with rises of between 0.2m
and 0.6m from 1980 to 2090 expected – even without taking
into account uncertainties such as the melting of the ice sheets
in Greenland (another 0.2m) and the West Antarctic (up to 6m).
If this does indeed happen, a large number of airports on
coastlines or tidal river floodplains could one day be engulfed by
rising sea levels. Higher temperatures will become the norm. In
northern and eastern Europe most of this warming will occur in
the winter; in the Mediterranean, central and western Europe
the greatest increases will be in the summer. The Iberian
peninsula and south-west France may have temperature rises of
more than 6°C.
Holiday patterns might well change in consequence. Airlines
will be able to adapt relatively easily to a change of holiday
destinations but airports could suffer. Bouts of extreme weather
will occur more frequently and probably be more severe,
bringing disruption to flights and airports. We need to work
together to tackle the environmental challenge effectively.
Eurocontrol is doing this. We recently committed to a joint
Flight Efficiency Plan with IATA, the ACI, and CANSO, designed
to reduce fuel burn and emissions and aimed at achieving
annual savings of almost 500,000 tonnes of fuel per year in a
six-month work programme. It will save almost €400 million
and reduce CO2 emissions by over 1.5 million tonnes.
We need to work on more of these kinds of initiatives. If the
civil aviation community does not act quickly to address
growing pressure, then there is a real danger that environmental
issues related to aviation may really take hold of the public
consciousness. We not only have to act, but be seen to be acting.

Potential solutions
Eurocontrol’s 38 Member States have asked us to find
operational solutions that will contribute to reducing noise and
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local air quality impacts around airports and also to reduce
emissions. It helps to know exactly what is happening before
trying to deal with individual aspects of the problem.
Eurocontrol has made good progress in creating a large dynamic
database called PAGODA that can tell precisely what is going on
with flights and their environmental performance.
PAGODA generates performance indicators for flight
efficiency, fuel burn and greenhouse gas emissions. It allows us,
States and other organisations to draw up accurate domestic and
international emissions inventories. At the moment ATM’s
overall contribution to aviation emissions is 6.5 percent.
ATM’s most important contribution to curbing emissions
comes through ensuring that aircraft fly at their optimum flight
level and over the shortest distance between airports so that fuel
burn and CO2 emissions are kept to an absolute minimum. We
are therefore devoting a lot of effort to initiatives for streamlining
European airspace design and network management.
The current European route network has routes for intraEuropean flights that are some 15 percent less efficient than
domestic flight routes. Our target is to reduce the distance flown
by 2km per year over four years, aiming at an overall reduction
of 8km per flight – which will save around one million tonnes of
CO2 every year. It’s a challenging target but one that we are
doing our best to meet.

High speed trains?
Long-haul flights (those that take more than three hours)
represent 13 percent of all flights in Europe but account for 60
percent of fuel burn. So most emissions come from flights for
which there is no other mode of transport.
Could high-speed trains be a viable alternative? Possibly not.
They actually go more slowly than one might have imagined.
Most do not go a lot faster than 160km/h, although some do
manage an average speed of over 200km/h. A regional aircraft,
in contrast, flies at around 800km/h. In addition, high-speed
trains only have a direct impact on 100 out of 170,000 city pairs
connected by flights. If the high-speed train network were
extended from 100, as is currently being planned for 2030, to
over 300 city pairs then 300,000-500,000 flights per year could
be replaced.
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Continuous descent approaches

But it is unlikely that this will happen by 2030 and there is
another snag – high-speed trains are very expensive. Train lines
cost an average of €18 million per kilometre to build and one
train is around €30 million. So on the whole we can conclude
that aviation is still a competitive transport mode – but it is,
nonetheless, our responsibility to make sure that it is a
sustainable one.

Continuous descent approaches
One way of making aviation more sustainable is by working on
local noise and air quality. Continuous descent approaches
(CDA) are going to help a lot in reducing both noise and
emissions and we spend a lot of time and effort in promoting
them at Eurocontrol.
CDAs allow minimum engine power to be used from cruising
altitude to the arrival runway. Pilots flying CDAs into their
destination airports can save an impressive 100kg of fuel per
flight compared with other conventional approaches, as a result
they can reduce emissions and noise levels. Over 20 airports
now employ CDAs and we expect that figure to grow to over
100 by 2013.
Our calculations show that if CDAs are implemented at 20
percent of European airports as part of the Flight Efficiency Plan,
then airlines would be able to save around 120,000 tonnes fuel,
or 400,000 tonnes of CO2, per year.

Other programmes
Outside Eurocontrol there are several programmes helping
attenuate aviation’s impact on the environment in Europe. The
first is the Single European Sky Research Programme (SESAR)
being driven forward by the European Commission, Eurocontrol
and industry to improve the European ATM system. It has a
specific aim of providing a 10 percent reduction in the
environmental impact per flight.
Another of the European Commission’s programmes is its
€1.3 billion Clean Sky joint technology initiative to stimulate
the research and development required for better airframe and
engine technologies. One goal is to come up with new engine
technologies that can deliver a 40 percent reduction in emissions
by 2020.

International cooperation in the environmental domain is also
of considerable importance. The European Commission and the
US FAA have signed a Memorandum of Understanding in which
the two institutions have agreed to cooperate and coordinate
their respective ATM development activities. This cross-Atlantic
cooperation has already begun to produce some notable results
with the launch of the Atlantic Interoperability Initiative to
reduce Emissions (AIRE).
Another workable solution is a market-based measure, the
Emissions Trading Scheme (ETS), which could prove to be a
good option. This plan recognises the cost of abatement in
aviation and provides the industry with a mechanism whereby it
is able to grow while making emissions reductions in sectors
where this is cheaper.
Hard choices need to be made about trade-offs. These are not
just between growth and environmental impact but also between
CO2 emissions, noise and local air quality. For example, noise
mitigation procedures route aircraft away from noise-sensitive
areas but they require a longer track-length, so aircraft use more
fuel and emit more greenhouse gases.

Conclusion
Prosperity in Europe relies a lot on the smooth movement of
people and goods and air transport industry is key to this. We
cannot afford to let ourselves be stymied by capacity problems
or by having infrastructure that is not robust enough to
withstand climate change. The environment, capturing the
public’s consciousness as it does in Europe in particular, is going
to be a big challenge.
I fear that if the civil aviation community does not act
decisively and quickly, there is a real danger that environmental
issues may come to dominate the whole aviation agenda. We
need to work on a common vision of the future and tackle issues
squarely, promoting debate and exploring the challenges facing
Europe’s air transport industry as it goes through this period of
uncertainty.
By sitting down together and assessing this change and these
challenges, we will find innovative ways of ensuring that the
passenger and freight traffic of the future can be accommodated
safely, effectively and sustainably. ❖
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EUROPEAN ATM SAFETY
It is important to have assessment criteria that consistently produce the most useful
measures of the ATM system’s safety achievement
Peter Brooker

Total number of accidents

Lord Kelvin, the 19th century physicist,
said: “If you cannot measure it, you cannot
improve it.” Aviation views safety as its
paramount goal, demonstrated by the huge
improvements in recent decades. A key theme in
European ATM safety work has been how to
measure safety. The analysis here tries to illustrate
the practical difficulties in measuring safety
performance at the highest level.
Figure 1 is from the Performance Review Report
covering the calendar year 2008 (Eurocontrol
Performance Review Commission, 2009). Does it
provide the best top-level picture of ATM Safety?
Some questions are:
• What is the ‘number of accidents’ used on the
vertical axis?
Figure 2: The services in air navigation services
• What is an ‘accident’?
• What is ‘ATM’?
• What is an ‘ATM contribution’?
The first three of these are examined below, and the fourth – a
different official ICAO and Eurocontrol material – although it is
very complex question – in the next section.
not always clear which convention has been adopted.
The question “What is the ‘number of accidents’ used on the
Not all the aircraft involved in a collision are always included
vertical axis?” makes sense when it is realised that there are
in accident statistics. Commercial aviation statistics might
different ways of dealing with statistics on collisions. Is a
exclude general aviation aircraft. Should ATM statistics relate
collision between two aircraft just one accident, the accident
only to public transport aircraft? If an aircraft receiving a control
being the collision, or two accidents, each accident being
service at a major airport is involved in an accident, surely this
something that happened to an aircraft, i.e. an ‘aircraft accident’?
says something important about ATM safety? Why exclude
PRR 2008 uses the former interpretation. de Jong (2008) sets
aircraft below the ICAO cut-off of 5,700kg (or some other
out an examination of the conventions used in a variety of
weight limit)? For example the Cessna aircraft in the Milansources and their rationales. Both conventions have been used in
Linate accident discussed below had a MTOW of 5,613kg.
Figure 1 counts a collision as one accident. This
does not match the ICAO view that aviation safety is
most crucially about what happens to people in
aircraft. The viewpoint adopted here is that the key
5
element when assessing safety and setting targets is
the risk affecting each aircraft and its passengers/
4
crew (e.g. see Brooker, 2004). For the present
purposes a collision can be 0, 1 or 2 aircraft
3
accidents, depending on what categories of aircraft
need to be covered.
2
This naturally leads on the second question:
1
“What should be classified as an ‘accident’?” There
are a variety of definitions of aircraft accidents. Some
0
focus on fatalities in the aircraft – especially when
92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08
mid-air collision risks are being studied. Thus one or
19 19 19 19 19 19 19 19 20 20 20 20 20 20 20 20 20
Year
more fatalities produce a ‘fatal aircraft accident’.
Others focus on accidents with a large number of
Figure 1: Commercial air transport accidents in Eurocontrol States. These are accidents ‘with direct ATM
contribution’. PRR 2008 figures
fatalities – a ‘catastrophic’ accident. Boeing produces
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Total number of ATM aircraft accidents

5
statistics based on ‘hull loss’, i.e. where the aircraft
involved has been written-off – although decisions
4
on writing off aircraft are economic rather than
simply wholly damage related.
3
ICAO Annex 13 sets out useful baseline criteria.
This definition is complex – see Eurocontrol (2008).
2
It includes accidents causing fatality or serious
1
injury, or damage to the aircraft that adversely affects
its structural strength, performance or flight
0
characteristics, i.e. it normally requires major repair.
92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08
However one extra ingredient would be the
19 19 19 19 19 19 19 19 20 20 20 20 20 20 20 20 20
inclusion of mid-air accidents where there is any
Year
kind of damage, because these could indicate major
Figure 3: ‘Most serious’ ATM aircraft accidents in Eurocontrol States
systematic problems, i.e. where the safety defences
are weak (for example see the discussion in
available. An assessment that this was not a Direct ATM cause
Eurocontrol, 2008).
does not seem compatible with the intent of the definition in
de Jong et al (2008) discuss the answers to the third question:
Table 1.
‘What is ATM?’ Figure 2 lists the services involved that they
One requirement for a definition is that it does not exclude
identify as appropriate, i.e. recommending that ‘ATM’ should be
any ‘Most Serious’ accidents; this would match aviation’s
Air Navigation Services minus Search and Rescue. This adopts
traditions of openness and comprehensiveness about safety
an inclusive viewpoint about what ATM is. Note in particular
issues. For example a ‘Most Serious’ category ‘ATM aircraft
that surveillance is a controllers’ tool. ATM in the following
accident’ might have to pass the test: ‘Was ATM probably a key
refers to this larger set.
factor in the accident, i.e. if the ATM systems concerned had
What is an ‘ATM contribution’?
been operated to normal good practice would the accident
There are formal definitions for ‘Direct ATM’ and ‘Indirect ATM’
probably not have happened?” Note that this test does not focus
contributions in the Eurocontrol ESARR 2 document (SRC,
on perfect ATM, but rather normal good practice. Nor does it
2000) – Table 1. The definitions in Table 1 suffer from the kinds
ask for certainty about causal linkages, but rather that expert
of problems common to any attempt to define ‘causes’ and
judges assess ATM as probably being a key factor in what
Direct/Indirect boundaries. For example, for the Direct criteria,
happened.
what constitutes a separate event or item? Is there always a
Analysis of accidents in the ASN database
single definite causal chain? What do ‘judged’ and ‘considered’
Figure 1 used data from the Aviation Safety Net (ASN – http://
mean? These problems are inherent to philosophical attempts to
aviation-safety.net/index.php) database. The examination of the
understand the nature of causation (e.g. Sosa and Tooley, 1993).
Milano Linate accident has already indicated that it could
It might be straightforward to answer such questions if an
reasonably have been included. Are there others in this category,
engineering designed process has failed in some way, but much
using the test suggested above?
less so in respect of people’s actions and the behaviour of
Table 2 is a ‘long list’ of candidate ATM aircraft accidents
complex systems, i.e. the socio-technical process of ATM.
derived from the ASN database. Criteria for inclusion are that an
It is vital in this kind of process to ensure consistent
aircraft hit a (fabricated) obstacle or another aircraft. Thus, for
assessments. Thus, for example, an accident inquiry report’s
example, this excludes accidents arising from bird strikes or
conclusions would be most helpful if it followed consistent
controlled flight into terrain. The following paragraphs examine
guidance about how to interpret Table 1 in practice. If there
each accident briefly, quoting from the ASN text and using
were marked variations in interpretation, then one way forward
information from the corresponding accident investigation
to achieve consistent judgements would be to rely on an expert
report where necessary. The text is short when the classifications
multidisciplinary team, such as one that could be gathered
here and in PRR 2008 are consistent. The summary is Figure 3:
together by the Performance Review Commission.
‘Most Serious’ ATM aircraft accidents – to be compared with
The best example of interpretation problems is the tragic 2001
Figure 1.
Milano Linate airport ground collision, which killed 114 people.
1996 Madrid Barajas Two aircraft using parallel taxiways collided
This accident is not included in Figure 1 as the information from
at an intersection. One aircraft had used the wrong taxiway and
PRC staff is that ATM was not considered a Direct cause.
taxiing speeds were a factor. From the investigation report, the
However industry safety analysts studied the accident in
aircraft were on a potentially conflicting path for more than 70
considerable detail, in particular in Guidelines issued by
seconds before the collision, but the controller was dealing with
Eurocontrol (SRC, 2005) for ‘Systemic Occurrence Analysis’.
other aircraft. Was the ground controller’s workload too high?
This noted: “While the immediate cause of the accident was
However, based on the information available, one could not
identified as the runway incursion by the Cessna pilot, the
reasonably conclude that ATM was ‘probably’ a cause. Thus this
report stated that this error must be weighed against a range of
was not an ATM aircraft accident.
systemic shortcomings…. The system in place at Milan Linate
1997 Amsterdam Schiphol An aircraft landing in a high
airport was not geared to trap misunderstandings, let alone
crosswind touched down hard and produced minor passenger
inadequate procedures, blatant human errors and faulty airport
injuries and a collapse of the nosegear. Decisions about the
layout.” There was no ground radar system in operation at the
operation of the runway allocation system at Schiphol Airport
aerodrome, although six-year old replacement equipment was
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resulted in strong crosswind conditions for the
TABLE 1: SRC ESARR 2 DEFINITIONS FOR DIRECT AND INDIRECT
landing runway in use. This was a single ATM
aircraft accident.
1998 Yerevan There is very little evidence on the
Direct
Where at least one ATM event or item was judged to be DIRECTLY
E.g., a
ASN database for this accident. To quote: “During
in the causal chain of events leading to an accident or incident.
systems
takeoff, a military minibus suddenly crossed the
failure or an
runway. A collision occurred, killing four occupants
Without that ATM event, it is considered that the occurrence would omission of
of the bus.” Based on this limited data it cannot be
not have happened.
action.
reasonable to assess ATM as ‘probably’ a causal
Indirect Where no ATM event or item was judged to be DIRECTLY in the
E.g. air
factor. Hence this was not an ATM aircraft accident.
causal chain of events leading to an accident or incident, but
traffic
1999 Grenouillet An Airbus was receiving a service
where at least one ATM event potentially increased the level of risk controller
from ATC in Class G airspace. The left wing of the
or played a role in the emergence of the occurrence encountered
did not use
Airbus collided with a glider’s horizontal stabiliser.
by the aircraft.
the phrase
It does not appear from the accident report text on
“avoiding
radio communications that the glider pilot was
Without such ATM event, it is considered that the accident or
action”.
using an advisory or information service. The
incident
might
still
have
happened.
recommendations of the accident report make it
very clear that the French authorities quickly made
changes to the airspace structures in the area. This
was an ‘airspace management’ issue, so there is a
appeared that both aircraft were on different frequencies (Tower
reasonable case that it was a single (?) ATM aircraft
and Ground frequencies) when they were cleared to taxi to the
accident as the aircraft were in flight and there was damage.
runway.” Thus it was a two-aircraft ATM accident.
2000 Paris Charles de Gaulle A collision between aircraft taking
2002 Überlingen This tragedy was the only mid-air collision in
off on the runway and taxiing onto it caused a fatality and
the period between two commercial aircraft, and produced
substantial damage. Important factors were a “controller’s
many fatalities. There were several causal factors and it was
erroneous perception of the position of the aircraft” and the
certainly a two-aircraft ATM accident.
“inadequacy of systematic verification procedures in ATC which
2003 Amsterdam Schiphol A taxiing aircraft hit a lamppost
made it impossible for the error to be corrected”. Thus this was a
because of a slippery taxiway. The accident report noted
two-aircraft ATM accident.
specifically “Air traffic controllers were insufficiently conscious
2001 Milano Linate As discussed above, it seems anomalous that
of the slipperiness situation and the potential danger it entailed”
this was not in the PRR 2008 count. It was a two-aircraft ATM
and “It is recommended to Air Traffic Control the Netherlands to
accident.
give more adequate substance to the task of air traffic controllers
2002 Stuttgart A taxiway collision with substantial damage: “It

TABLE 2: ‘LONG LIST’ OF POTENTIAL ATM AIRCRAFT ACCIDENTS DERIVED FROM THE ASN DATABASE
Date

Location

Aircraft 1

Aircraft 2

In PRR 2008?

ATM Aircraft accidents

27 Sep 1996

Madrid-Barajas

Dassault Falcon 10

Boeing 727

No

0

24 Dec 1997

Amsterdam-Schiphol

B757

-

Yes

1

21 Oct 1998

Yerevan

Yakolev 40

-

Yes

0

12 Feb 1999

Grenouillet (France)

A320

Grob G.103 glider

No

1

25 May 2000

Paris-Charles de Gaulle

MD-83

Shorts 330

Yes

2

08 Oct 2001

Milano Linate

MD-87

Cessna 525A Citation Jet

No

2

24 Jun 2002

Stuttgart

B717

Cessna 172P

Yes

2

01 Jul 2002

Überlingen

Tupolev 154M

Boeing 757

Yes

2

22 Dec 2003

Amsterdam Schiphol

B737

-

No

1

20 Apr 2004

Trieste-Dei Legionari

MD-82

-

Yes

1

30 Dec 2007

Bucharest Otopeni

B737

-

Yes

1
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in special circumstances, such as in the event of slipperiness.”
Thus there is a case for assessing this as a single-aircraft ATM
accident.
2004 Trieste Dei Legionari A ground collision with a truck that
produced write-off damage: “It appeared that construction
works were in progress near taxiway Bravo. A Notam was not
issued about this and the tower controller had not informed the
crew either.” It was a single-aircraft ATM accident.
2007 Bucharest Otopeni In thick fog, a taking-off Boeing 737 hit
a vehicle 600m past the runway threshold – a write-off. “The
flight was cleared for takeoff at 11:26:07. Between 11:26:40 and
11:26:50 the control tower asked the maintenance workers if the
runway was clear but got no reply.” It was a single-aircraft ATM
accident.

Conclusions
The challenge is to find assessment criteria that consistently
produce the most useful measures of the ATM system’s safety
achievement. This analysis illustrates some of the difficulties
involved in measuring European ATM safety performance.
Figure 1, an official document, and Figure 3, using a reasonable
set of criteria for ‘Most Serious’ ATM aircraft accidents, are quite
different. The viewpoint adopted here is that the most
appropriate definitions and criteria should be inclusive ones. ❖
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GAME ON
The effect of digital game play on visual processing and cognitive style in ATC students
Richard N. Van Eck and Paul V. J. Drechsel, University of North Dakota, USA
UND Aerospace is world-renowned for its academic
programmes and technologically advanced facilities and
equipment. UND Aerospace offers pilot training, FAA
and ICAO ATC training, airport management, high-altitude
physiology chamber training, helicopter training and aviation
software development.
It is the mission of UND Aerospace to provide the best
possible education and training available. With more than 2,000
students, the John D. Odegard school of Aerospace Sciences is
known around the world for academic excellence. From the
world’s largest collegiate training fleet of 120 aircraft to the most
technologically advanced ATC tower and radar approach
simulators, the state-of-the-art facilities provide clients and
students with an experience that is second to none.
Green and Bavalier (2003, in letters to Nature) found that
playing video games promoted visual processing, and that this
finding was extended to non-game players who played video
games for the first time. Air traffic controllers must have
extremely good visual processing skills, which until this study
has been thought to be a relatively crystallised ability
(biologically determined and/or not susceptible to large
improvements). If visual processing can be improved through
playing video games, fields such as ATC may be able to apply
this research to their curriculum.
The use of ATC simulators begins early in the ATC
programme at the University of North Dakota. The ATC
programme is dynamic in that it is constantly being updated to
remain current with the latest regulations and policies,
incorporating new classroom technologies as they become
available. The programme actively seeks feedback from
graduates, both domestic and international, and ATC facilities in
which these graduates are assigned.
Implemented in 1989 by the FAA, five colleges were initially
approved for the CTI programme. The intent was to provide the
FAA with a pipeline of college graduates who would be able to
work in one of three facility options: control tower, terminal
radar approach control (TRACON), air route traffic control
centre (ARTCC) or en-route centre. The John D. Odegard School
of Aerospace Sciences (JDOSAS) Air Traffic Control programme
started with seven students and four staff members in 1991,
with the first being graduates hired in 1993. Currently over 300
undergraduate students have declared ATC as their major. The
programme now uses 32 radar simulation stations that are
designed for terminal and en-route training, two 3D tower radar
simulation systems (TRSS) – a 225-degree TRSS with nine radar
stations, and a 360-degree TRSS with four radar and four
assistant stations. Both of these systems contain voice
recognition software. These systems are designed to work in
tandem or, when required, to work independently of each other
allow separate tower and/or radar training.
This study set out to extend the findings of a previous study
by Green and Bavalier (2006), which found that playing video
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games promoted visual processing. Specifically they found that
video game players could count objects on a screen more
accurately, track moving objects better, and do so faster than
non-video game players. Further they found that non-video
game players showed the same benefits after 10 hours of game
play. Specifically we sought to find out if this intervention could
improve the performance of ATC students in simulated control
tower environments.
Visual processing is related to a stable cognitive style called
field dependence-independence, which determines how well
learners can abstract information from the contextual ‘field’
around the learning. Those who are field-independent do better
in tasks that require similar disembedding of visual information
from its surrounding field (Witkin, Oltman, Raskin and Karp,
2002), yet this ability is relatively stable in young adulthood and
efforts to affect it via interventions have been inconclusive
(2002). If visual attention and processing can be impacted
through game play, it follows that field-dependence/field
independence may also be affected. This study sought to
examine these questions.
Over the course of two summers, two groups of students were
selected. All students were majoring in ATC at the University of
North Dakota. The 2006 group contained 47 students who
reported to be between 18 and 30 years of age. There were 41
male participants and six female participants. The 2008 group
contained 16 students who reported to be between 18 and 30
years of age. There were 14 male participants and two female
participants. It is notable that the percentage of female
participants was nearly equivalent for each group – 12.8 percent
and 12.5 percent).
The 2006 participants were divided in to an experimental
group and a control group. The experimental group was made
up of those who were not video game players (based on their
answers to a survey they were given at the beginning of the
study). The 2008 participants were not divided in to two
groups; they were all asked to participate in the experimental
portion of the study.
The participants were administered the Group Embedded
Figures Test (GEFT). It took the form of a folded paper
pamphlet with three timed sections. The GEFT was given to all
the participants at once in a classroom setting. Graduate research
assistants using stopwatches timed the students. The monitors
recorded the time taken to complete each section of the GEFT.
The GEFTs were later scored for accuracy. Two of the three
sections were assigned scores determined by considering both
the accuracy of the answer and the time taken to complete the
tests. The scores were used to determine whether each
participant was a field-dependant learner or field-independent
learner. The participants were administered a one-page paper
survey. The questions on the survey varied from 2006 to 2008,
but the intention of the survey was equivalent.
The game Medal of Honor was installed on their laptops and
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One of UND’s Beechcraft King Airs at
Grand Forks International Airport
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Students are evaluated by qualified air traffic control instructors. Image courtesy of William Schroeder

participants then came in for one hour per day every day for
supervised game play. On day one of the game play they were
given headsets and completed the game tutorial, at which point
they began Mission One. Their performance during Mission One
was recorded to establish a playing baseline for later comparison
on days 9 and 10, when they re-played Mission One. This was
to establish that they had improved their performance during
the 10 days of training. On days three through eight, they
played the game at their own pace, on the ‘easy’ setting. Those
who completed the game during this time began again on the
‘medium’ setting.
During this time, performance in the ATC tower simulators
was being recorded by their instructors using established,
validated performance rubrics used for this purpose in all such
classes. The first sets of rubrics were collected prior to the first
day of game play, and the last sets of rubrics were collected after
the last day of game play for pre/post comparisons. The GEFT
was again administered just prior to the last ATC simulator run
during the semester, which occurred five weeks after the first
GEFT and scenario run, and two weeks after the last day of
game play.
Some of the results observed may indicate small effect sizes
that were not detectable with our sample. We have run this
study a second time with another class and are in the process of
re-examining the data at this time to see if some of what appear
to be trends towards differences are borne out by statistical
analysis. We report here on both statistically significant data as
well as what appear to be possible trends in the data.
The research data is still being compiled and analysed. It
appears that FI/FD may be affected by interventions such as
videogame play and immersion in 360-degree ATC simulators.
At the very least there are indications that FI/FD and game play
are correlated with a variety of visual performance indicators,
which warrants further study. This has several implications,
including using the GEFT as a screening or remediation
diagnostic tool for ATC and aviation students, and using
videogame play as a training intervention in these fields. It is
important to collect additional data, especially from those who

32

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010.

are FD, and in a longitudinal fashion to determine long-term
success rates in the field. Additional data has been collected,
analyses are ongoing, and will be reported in the final paper and
presentation.
The John D. Odegard School of Aerospace Sciences focuses on
the development of a graduate having a broad-based knowledge
of ATM systems, ICAO and FAA, aviation industry and the
principle topics covered in aviation degree programmes. UND
Aerospace Foundation and University of North Dakota faculty
members have outstanding credentials and are widely
recognised for their innovative contributions in curriculum
development, ICAO ATC training and instructional technology.
Over 100 air traffic controllers from around the world have
graduated from CAA-approved courses provide at the University
of North Dakota. We also extend the educational capabilities
and instructional technology at the John D. Odegard School of
Aerospace Sciences towards the FAA’s strategic plan for
expanding, diversifying and optimising training resources.
Specifically our goal is to provide college graduates with the
demonstrated knowledge, skills and capabilities to meet rigorous
FAA standards for entry-level ATC positions. ❖
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HARMONY AND FLOW
Traffic flow management based on collaborative decision making results in smoother
operations, fewer delays, huge cost savings and a cleaner environment
Jack Kies, Mike Brennan, Chip Hathaway and Dave Rome, Metron Aviation, USA

The origins of Collaborative Decision Making (CDM)
developed from a two-day meeting of the FAA, airline
industry leaders and ATC system suppliers, who
gathered to brainstorm new concepts for reducing delays in
airspace. The FAA, working with Metron Aviation, began the
first experiments with real-time FAA-Airline Data Exchange
(FADE) in 1994. In this seminal series of events, the FAA and
major US airlines pioneered the use of sophisticated decisionsupport tools that incorporated real-time, all-source operational
data. The results quickly confirmed the promise of collaboration,
notably the optimisation of Ground Delay Program (GDP)
performance, with a major reduction in the need for GDPs and
GDP time parameters. Today these groundbreaking CDM efforts,
as well as those implemented over the past decade, are regarded
as having made a major contribution to the modern era of air
traffic flow management (ATFM).
The group’s successful work also highlighted the need for a
repeatable collaborative framework to identify and test new
concepts of ATFM, based on a wide range of live operating
conditions. To that end, Metron Aviation worked with the FAA
to create a Concept Engineering and Development (CED)
process that used an integrated simulation environment (ISE) – a
human-in-the-loop tool – to provide ‘war game’ scenarios
whereby the CDM workgroups (including airline dispatchers,
controllers and traffic flow coordinators) could validate the
effectiveness of a concept in advance of deployment in the US
National Airspace (NAS).
Metron Aviation worked closely with the FAA to refine the
CED process to consistently and rapidly turn groundbreaking

concepts into reality, producing a series of ATFM innovations:
• Flight Schedule Monitor (FSM), deployed system-wide in
1999, is generally recognised as the world’s first ATFM platform
and today is an integral part of traffic management for the FAA
Air Traffic Control System Command Center (ATCSCC), over
100 other FAA facilities, NAV CANADA and 24 domestic and
international aircraft operators. FSM’s core capabilities have saved
54 million minutes of delays, 148 million litres of fuel, 455,000
tonnes of CO2 emissions and US$5 billion in operating costs.
• Enhanced Substitution Module (ESM) enables airlines to make
slot substitutions that optimise their operations and reduce
delays, and is currently in use by 16 major airlines. Daily savings
for a hub carrier, at a single airport, can easily reach dozens of
hours and over US$100,000.
• The General Aviation Airport Program (GAAP) brings the
benefits of ATFM planning to not only general aviation airports,
but also airports with a high percentage of unscheduled and
seasonal traffic, such as those used heavily during ski season or
when special events are being held.
• Adaptive Compression (AC) increases the effective capacity of
airports and reduces departure delays by nearly one million
minutes per year, lowering annual costs to aircraft operators by
over US$30 million.
• Airspace Flow Program (AFP), deployed in spring 2006,
provides FAA traffic managers with the ability to efficiently and
effectively manage en-route traffic during severe weather events
and congested periods. The introduction of AFPs took only 18
months to evolve from concept to deployment, using the CED
process and ISE. Post-deployment estimates from 2006-2007

FSM’s capabilities have saved 54 million
minutes of delays, 148 million litres of
fuel, 455,000 tonnes of CO2 emissions
and US$5 billion in operating costs
34
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Through the CED process the
FAA and Metron Aviation took
AFPs from concept to
deployment in approximately 18
months. AFPs have a projected
10-year benefit of US$2.8
billion, compared with less than
US$5 million in design and
development costs

show benefits to the aircraft operators and the flying public of
almost US$190 million, and a 10-year projected savings of
approximately US$2.8 billion.
Metron Aviation continues to work with the FAA using the
CED processes, notably by developing innovative trajectorybased operations (TBO) concepts that support NextGen
trajectory-planning goals and electronic negotiation between
aircraft operators and service providers.
• Departure Flow Management (DFM) increases the effective
capacity of the NAS by providing FAA departure controllers with
the capability to automate coordination of departure releases
from airports, into shared departure constraints and congested
overhead streams. Initial benefits analysis shows airport
compliance increased by nearly 50 percent when stakeholders
used DFM to request release times.
• System Enhancements for Versatile Electronic Negotiation
(SEVEN), an emerging FAA ATFM concept, provides aircraft
operators with the capability to identify dynamic preferences
that fit within traffic management demand and capacity
constraints, and the business goals of the operator. SEVEN is
anticipated to be a major milestone in the realisation of the
NextGen goals of TBO, 4D concepts and electronic negotiations
between aircraft operators and service providers.
While the first generation of ATFM decision-support tools
successfully solved complex problems, they were often
optimised in relative isolation without specifically recognising or
accounting for side effects on other areas of the larger NAS. For
example, a traffic flow program was designed to deliver a
smooth flow of aircraft into an airport at a rate within the
airports’ arrival capacity. While the program could successfully
optimise arrivals, it did not accommodate variable departure
demand and prioritising arriving flights could also sometimes
lead to a suppression of departures, which in turn created
congestion and gridlock on the airport surface, likened to a
domino effect of delays.
Early ATFM program solutions also focused on domestic
arrivals and departures, without consideration of the substantial
impact on internal operations due to international flights. At
some airports a high percentage of arriving flights originated
from adjacent countries. The lack of data exchange and the
inability to manage these flights in ATFM solutions led to great
inefficiency and inequity in GDPs for these airports. At the same
time, flight restrictions imposed by neighbouring countries into
seasonal vacation areas would lead to unpredictable, inequitable
and unnecessary delays for aircraft operators.
These inefficiencies clearly demonstrated a need for
expanding the scope of the existing ATFM solutions across
international boundaries as well as domains. The insight

afforded by these experiences has led to a new paradigm
whereby ATFM decision-support tools are expected to be built
upon the existing tool suite, with the capability for seamless
integration of new elements. This opens the door for
harmonised integrated solutions.
The next generation of ATFM is forward thinking and involves
the harmonisation of the global system of systems. With over 15
years of research, development and operational experience in
ATFM, Metron Aviation is leading the global advancement of
gate-to-gate, worldwide ATFM:
• Across operational domains – surface, departure, en route and
on arrival;
• Across planning time frames – scheduling, strategic planning,
pre-tactical and tactical operations;
• Between service provider and flight operator – coordinating
efforts and aligning objectives for mutual benefit;
• Across international boundaries – data exchange and strategic
control.

Surface operations management
Metron Surface is the next generation in surface operations
solutions. It integrates real-time traffic management initiative
information, such as Expected Departure Clearance Time
(EDCT) and GDP information, with relevant airside performance
data, to provide aircraft operators, airports and ANSPs with the
capability to measure and monitor operations. Metron Surface’s
new capabilities include:
• Real time and post analysis report generation;
• Recognition of user-specified surface events;
• Noise modelling, environmental and fuel burn metrics;
• Runway and movement area occupancy metrics;
• Standard airline gate management interface;
• Full replay functionality.
Metron Surface optimises surface operations via its pioneering
predictions of departure demand, queuing and delays, and
estimated arrival time to the gate, enabling proactive actions in
advance of forecast disruptions, to minimise congestion and
delays spent on the ground. Metron Surface also supports the
most effective allocation of resources to departure and arrival
operations. It identifies runway assignments for individual
flights to achieve optimum runway loading and predicts the
number of operations on each piece of pavement, enabling the
airport to determine when maintenance is required.

Departure flow management
Metron Departures increases arrival and departure flow
efficiencies by coordinating operations across multiple airports,
within a common shared and congested airspace. Current ATM
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Metron Harmony is a suite of ATFM tools that creates a CDM-based platform to optimise surface, departure, en-route and arrival flows, system-wide, across FIRs and borders

operations provide limited automation capabilities to facilitate
the coordination of departures. The process is labour intensive,
slow, inflexible and provides limited insight into the full range of
release time options for control towers. Metron Departures
coordinates and allocates release times across multiple airports,
to ensure an optimised and equitable departure flow that
satisfies capacity constraints and accommodates capacity and
weather-based re-route traffic management initiatives (TMI). The
capability offers a unique planning mode that analyses the
impacts of TMIs before they have been implemented.
Metron Departures also increases efficiency by automating and
expediting the communication of release times to all
constituents, optimising the efficiency of taxi routes and queues.
The automation of the process dramatically reduces the
workload and pressure on ramp and tower controllers, especially
at high-capacity airports and highly congested airspace.

traffic demand with resource capacity. Additional capabilities
include prioritised queuing to equitably distribute slots among
all airspace users, adjust or re-distribute slots and communicate
slot allocations. Metron Traffic Flow fully integrates ATFM CDM
to allow key system stakeholders to best use allocated capacity.

Traffic flow and substitution management

Environmental management

ANSPs are routinely faced with the challenge to efficiently
balance capacity with air traffic demand at constrained system
resources (airports, sectors and dynamic airspace volumes).
Metron Traffic Flow enables ANSPs to do exactly that; with
features such as data integration and prediction algorithms, flow
management is calculated in months, days or hours in advance.
Powerful modelling tools used for TMIs algorithmically align

While the full suite of ATFM solutions reduce fuel burn,
emissions and noise, Metron Aviation’s technology is pioneering
environmental solutions that enable the sustainment of aviation.
Metron Environment, an environmental measuring and
monitoring system, provides customers with the capability to
measure, assess and optimise the impact of operations on noise,
fuel burn and emissions at airport, regional and national levels. ❖
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Arrival flow management
Metron Arrivals enables air traffic managers to develop tactical
arrival schedules for an airport, taking into account its current
runway configuration. This capability optimises an airport’s use
of available capacity by making early runway assignments for
arriving aircraft. Metron Arrivals also spaces aircraft so that they
reach the airport at appropriate intervals. Benefits include greatly
increased situational awareness, reduced delays and less
vectoring of aircraft, thereby reducing fuel burn and
environmental impact.
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With a proven track record of turning groundbreaking concepts into
mission-critical systems, Metron Aviation helps the FAA and customers around
the world increase capacity, reduce delays and lower emissions by harmonizing
traffic flow for all stakeholders. Metron Aviation’s advanced research services
and commercial software products optimize system-wide performance, enable
next-generation CDM solutions and improve environmental sustainability.
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AERONAUTICAL SOLUTIONS
WORLDWIDE
DFS Deutsche Flugsicherung offers more than just air navigation services in Germany
Andrew Pickering
Since 1993 the German ANSP DFS Deutsche
Flugsicherung has been supporting other organisations
with its know-how worldwide – ranging from
consulting for new processes, procedure and airspace design, to
conducting simulations, implementing ATM systems and
carrying out training for operational personnel. With up to
10,000 aircraft movements in Germany every day and more than
three million each year, the company, which is state-owned
under private law, is one of the largest ANS organisations in
Europe and controls one of the busiest airspaces in the world.
Stefan Lentz, director of Aeronautical Solutions, the
consulting arm of DFS, talked with Air Traffic Technology
International about the challenges an ANSP faces in offering
consulting services and the approach that DFS has taken during
the recent difficult economic times.
Why does DFS as an ANSP offer services to other organisations and
who are your customers?

We have a wide range of specific know-how in the field of air
navigation services, which we have gained from our own
operations. Hence we use this knowledge to support other

Tower controllers at work in Germany
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organisations. When building new airport structures, for
example, air navigational aspects also have to be taken into
account. Among our customers are other air navigation services
organisations as well as civil aviation authorities and airlines. As
far as airports are concerned, we usually talk to the sections that
deal with air navigation procedures, with airport designers and
construction firms.
Our services even go beyond the air traffic sector. The German
Waterways and Shipping Authority, for example, implemented a
universal shipborne automatic identification and traffic
coordination system for the Kiel Canal, one of the most
frequented artificial seaways in the world, for which DFS
conducted the safety assessment. Our customers deal with traffic
management in the widest sense.
What challenges do you face when offering services to other ANS
organisations?

As an ANSP we know where the shoe pinches. However having
the necessary know-how is not the only thing that counts. It is
also crucial to know about the local conditions, different traffic
situations or procedures, and you have to know your customer’s

MANAGEMENT AND STRATEGY

culture when developing
successful solutions. It is
always important to take
individual requirements
into account and then
jointly develop successful
solutions. Therefore our
interdisciplinary team
integrates the experience
of controllers, aeronautical
engineers as well as legal
and economic experts. In
addition to this, we work
with different partner
companies.
You mentioned cultural
differences. In which
regions of the world do you
offer your services?

Radar antennae in Germany

We support various
organisations and
development activities in many areas of the world but our
strategic focus lies primarily on regions that still have a rising
volume of air traffic. Not surprisingly one of our first regions of
strategic priority is the Middle East, with a particular focus on
the UAE, Saudi Arabia and Egypt. We also focus on Asia,
especially China. The main challenge here is to cope with the
booming numbers of domestic and international flights, to open
the airspace along the east-west and south-north routes, and to
solve the problems with China’s internal military areas. Beijing,
for example, is surrounded by more than half a dozen military
airports.
The third market is the Commonwealth of Independent
States, where we are currently working on projects in
Azerbaijan. Just recently we signed a Memorandum of
Understanding with the Kazakh ANSP. The fourth market we are
targeting is South America, where Brazil is of particular interest
to us. In 2014 the FIFA World Cup will be taking place there
and the country will face massive logistical challenges because
paved motorways and a high-speed railway system do not exist
all over the country. Aircraft will therefore be used as the main
means of transport.
Since the end of 2008 the whole air transport industry has been
facing a decline in passenger numbers as a consequence of the
worldwide economic downturn. How have you dealt with this in your
business?

In order to answer this question, I should explain that the
commercial business at DFS is a comparatively small but

important part of our organisation and is set aside from the
core business, which is the provision of air navigation services
in Germany. This means that the user charges of our airline
customers are independent of our commercial business. The
commercial business means an additional field of action for
DFS using our expertise as a leading ANSP. But as for reacting
to the economic downturn in the commercial business, we
have increased the number of options and opportunities in
our marketing activities in order to maintain growth. ANSPs
worldwide should see the situation as a chance and use the time
to plan ahead to allocate budgets and resources optimally and
become more efficient. This will enable the ATM community to
be prepared when growth resumes.
What is your approach to achieving more efficiency?

One way to increase efficiency would be to harmonise airspace
structures and operational concepts. Over the past 15 years
we have proved that airspace optimisation and civil-military
integration are most beneficial. DFS enabled the flexible use of
airspace in 1994, and by 2002 completely restructured German
airspace, reducing sectors and noticeably increasing capacity.
Regarding systems or tools, for example, it should be carefully
considered if it is really necessary to invest in something new
or if existing infrastructure operating at its full capabilities and
capacities will be just as effective.
We support our customers in solving their capacity issues and
becoming more efficient. Planning reliability, for example, is
equally crucial for a more efficient approach. We could further

Having the necessary
know-how is not the only
thing that counts

Stefan Lentz,
director of
aeronautical
solutions, DFS
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Aircraft proximities and movements in Germany

enhance planning reliability with the implementation of a
collaborative decision-making process at Munich and Zurich
airports. CDM processes have proved their worth in ensuring
the distribution of urgently needed information. This, in turn,
considerably reduces delays, supports the efficient planning of
airport resources and provides cost benefits for all involved.
What international projects is DFS currently working on?

Recently government representatives and the ANSP SMATSA of
Serbia and Montenegro signed a contract with Thales Air
Systems to modernise its ATM and CNS infrastructure. DFS
supported the ANSP in examining tender documents and
evaluating offers for the bid and is now providing consulting
services in the project. A new control centre will be set up in
Belgrade, as well as a countrywide communication network. The
project is co-financed by the European Bank of Reconstruction
and Development and the European Investment Bank.
Another project DFS is working on is the procurement and
installation of primary and secondary radar systems in Bahrain.
Since procedure design is a core expertise of DFS, we will also
continue our work with the Saudi Arabian civil aviation
authority GACA on training in procedure design, using the same
system as in Germany. A recent project was with controllers
from the Egypt National Air Navigation Services Company, who
practised new approach procedures to Cairo airport at our
simulators in Germany.
We are also focusing on future-oriented projects such as the
integration of unmanned aircraft systems (UAS) in airspace used
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by civil aircraft: Several
aspects of integrating UAS
in unrestricted airspace
have not yet been solved,
such as human factors
and ‘sense and avoid’
tools. We coordinate, for
example, the European
research project for
Innovative Integration of
Unmanned Aircraft
Systems (INOUI) into
future ATM system, which
was commissioned by the
European Commission.
Moreover we are working
on safety assessments for
the Euro Hawk, which
was commissioned by the
German Ministry of
Defence. The intelligence,
surveillance and
reconnaissance UAS will
start and land in military
airspace but parts of its
mission might also take
place in civil airspace.
DFS, together with other
companies, has developed
procedures and
technologies including a
radar screen similar to
those used by controllers
as well as a ‘sense and avoid’ tool for a small UAS called LUNA.
The procedures and technologies have been proved in flight
trials and simulations and safety analyses have been performed.
Is it usual for ANSPs to act as consultants to other organisations and
who are your competitors?

In the air navigation services industry, as in other sectors, there
are a variety of providers who specialise in various fields, such as
consulting firms and system manufacturers, to name just a few.
Other larger air navigation services organisations, such as NATS
in the UK and Airservices Australia, have their own consulting
arms, just as we do.
Why do other countries’ organisations opt for the services of DFS
over those of your competitors?

We have a good reputation on the market. The industry knows
that we control our air traffic safely and efficiently using proven
solutions, processes and systems. Safety plays the most
important role in all our activities. Our record is remarkable.
With 3.1 million movements in 2008, Germany has one of the
busiest airspaces in Europe. DFS was responsible for only one in
four of the aircraft proximities that occurred in the German
airspace, which positions us well ahead among the leaders in
Europe. We have the number-one safety record.
Moreover, Germany is associated with attributes such as
reliability and commitment. This is something our customers
have in mind when they contact us. They expect ‘made in
Germany’ quality and that is what we deliver. ❖

DFS Worldwide Solutions.
Our know-how. Your success.
DFS Deutsche Flugsicherung GmbH, the
German air navigation service provider, is a
world leader in the ﬁeld of aviation.
With more than three million domestic and international ﬂights per year in Germany, DFS
is one of the largest ANS providers in Europe
and controls one of the busiest airspaces in
the world. DFS is a State-owned company operating under private law in accordance with
commercial principles.
DFS integrates civil and military air trafﬁc control on the basis of a ﬂexible use of airspace
concept. In its four control centres, DFS operates state-of-the-art air trafﬁc control infrastructure which meets the requirements of the
ECAC reference level "advanced". In 2006,
DFS received the Single European Sky certiﬁcate, demonstrating that we provide safe and
efﬁcient air navigation services in accordance
with all European requirements.
DFS can draw on the extensive know-how
from decades of experience in providing air

navigation services in complex airspaces.
We always work with a team of experienced
aviation experts to deliver expert consulting
services. In addition, DFS maintains and develops automation systems for its own air
trafﬁc services as well as for potential customers. We work with our customers in technical and operational ﬁelds on a partnership
basis.
DFS provides consulting services in the following ﬁelds:
n Organisational concepts and ﬁnancial issues
n ATM systems and software
n System design and implementation
n Operational concepts and airspace design
n Simulations
n Safety management systems

Furthermore, DFS is an experienced organiser of regular and customer-speciﬁc training
seminars at the DFS Academy in Langen,
one of the most advanced ATS training institutes in the world.

For more information, please contact:
DFS Deutsche Flugsicherung GmbH
Business Unit Aeronautical Solutions
Am DFS-Campus 10
63225 Langen
Germany
Telephone: +49 (0)6103 707-2051
Facsimile: +49 (0)6103 707-4995
E-mail: sales@dfs.de
Internet: worldwide.dfs.eu
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ISSUES AND OBSERVATIONS
There is a lot more to training air traffic controllers than simply sitting students in front of a
simulator and showing them what to do
Gary LaGuardia, Pan Am International Flight Academy, USA

With the global requirement to create over 20,000 new
air traffic control jobs over the next 10 years, it would
seem logical for the national civil aviation organisations
of the world to adopt a uniform set of guidelines and training
procedures coupled with the addition of ‘localised’ training for
each nation.
At first glance this statement seems somewhat obvious and
superficial, but in reality it uncovers a number of issues and
conditions that are not easily resolved. A number of issues affect
the successful delivery of initial and refresher training. In
addition to this, each country and its respective authority
maintain a certain amount of discretion and individual selection
in the overall training process.
ICAO’s aim is the safe and orderly development of all aspects
of international civil aviation, and it successfully provides a

forum to introduce, study and resolve standards and practices
affecting the civil aviation industry, including ATC training.
The Standards contained in ICAO Annex 2 (Rules of the Air),
together with the Standards and Recommended Practices of
Annex 11 (Air Traffic Services), govern the application of the
‘Procedures for Air Navigation Services – Air Traffic
Management’ (PANS-ATM, Doc 4444) and the ‘Regional
Supplementary Procedures – Rules of the Air and Air Traffic
Services’, contained in Doc 7030, in which subsidiary
procedures of regional application will be found.
Those standards are built into each training programme, and
each controller should be trained to those standards, practices
and procedures whether they work in the USA, UK, Nigeria,
Russia, China, Brazil, or any other country. Unfortunately that is
not the case.

Recurrent training provides an essential platform for students to experience and handle emergencies and unusual conditions
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Students in Nigeria training on a radar simulator

An aircraft takes off or lands every few moments somewhere
on the face of the earth, 24 hours a day, 365 days a year, and
every one of those flights should be handled in the same
uniform manner, whether by ATC, airport authorities or pilots at
the controls of their aircraft. Behind the scenes are millions of
employees involved in manufacturing, maintenance and
monitoring of the products and services required in the neverending cycle of flights. Modern aviation is one of the most
complex systems of interaction between human beings and
machines ever created.
At the moment each country is responsible for the training of
its air traffic personnel and complying with ICAO standards and
recommended practices, but each country goes about this
process in different ways. Some maintain their own training
operations and some countries employ the services of other
countries and other providers to train their personnel. Some
countries operate ATC under their civil aviation authority and
some countries operate it as a division of a military unit.
Hence standards of quality and performance differ from
country to country, and quite often wide variations in
procedures from country to country negatively affect overall air
safety due to the incidence of foreign air crews flying into or
over the airspace of these countries.

One of the biggest
concerns of increased
travel and diminished
capability is in the area of
communication between
controller and pilot where
ICAO level 4 aviation
English is the minimum
standard of
communication. However
although this standard is
clearly defined, it is not
well regulated. ICAO has
established clear
minimum standards of
performance and
timelines to comply with
these standards, but the
original mandated date of
compliance has come and
gone and many airlines
and operators have yet to
adopt a credible plan to
be in compliance by the
2011 extended date.
While the US FAA
generally follows the
ICAO standards, significant differences in applied terminology
between FAA and ICAO require pilots flying into US airspace to
revert to a set of terms different from those they use under
ICAO. This condition adds to workload and unnecessary
modification to established procedures for those operators and
pilots flying into US airspace.
Training of controllers must at the present time include the
variances in phraseology between ICAO and the FAA, which is
ultimately counterproductive and should be unnecessary for all
non-FAA pilots and controllers, who in effect must recognise
two global standards. This condition presents itself to all US
aircrews flying to foreign destinations and all international crews
flying into US airspace.
Other (less pronounced) examples of alternative standards
and terminology throughout the world illustrate the need for
localisation in the training process. Such localisation will include
such things as language, weather, climate, geo-political issues
and the extent and level of technology employed within the
country being trained.
An effective training programme must contain the universal
standards enumerated by ICAO as well as the practical
application of those standards to the operator’s home
environment and the requirements of the particular civil aviation

Training of controllers must at the
present time include the variances in
phraseology between ICAO and the FAA
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The radar simulator is an essential training aid for the next generation of air traffic controllers

authority for which the controller works. Recurrent training, or
refresher training as it is sometimes called, should effectively
reinforce the training, practices and procedures of the
controllers’ environment and introduce non-standard conditions
that the controllers would normally not be introduced to – due
to the inability of some training organisations to build hazardous
and emergency conditions into training scenarios.
The application of high-resolution 3D simulations is an
essential training aid that should be incorporated into both radar
and aerodrome training sessions. The technical advance of
modern PC-based computers has led to the development of
high-fidelity simulation that only five years ago could only have
been performed by costly, mainframe computers and proprietary
networks. Thanks in part to the computer gaming industry and

Pan Am International Flight Academy lobby in Miami
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advances in memory,
processor speed and
graphics technologies,
today’s PCs are able to
deliver unprecedented
performance that results
in the realism and
complexity that today’s
ATC simulations are able
to provide.
While technology and
uniform procedures are
key aspects of the training
process, perhaps the
single most important
element is in the
qualification and selection
of the student controllers.
Various selection and
screening tools are
employed to determine
aptitude to become an air
traffic controller, but in
general the tests vary
greatly from agency to
agency. There is no
generally accepted minimum level of education and even age
and vocational experience requirements differ greatly. As well as
general maths skills required to plot courses and vector aircraft
on approach, and knowledge of science pertaining to aircraft
performance and weather conditions, a controller has to manage
stress and psychological challenges over long cycles.
Consequently testing of aptitude and psychological acumen is
critically important in the initial screening process as well as
during the controller’s career. Established controllers are also
human beings and go through changes in their lives that may
affect their operational performance. Such things as marital
problems and financial stress often show up on the job and can
be a contributing factor in the chain of circumstances that are
generally found in operator-related errors.
Recurrent training for controllers is as important as it is for
pilots, and yet there is no industry standard for the former as
there is for the latter. Recurrent training not only provides an
essential platform to experience and handle emergencies and
unusual conditions, but it also provides the trainer with the
opportunity to assess the controller’s ability to manage actions
and language under stress. Whenever possible it is highly
recommended that many of the principles of pilot training be
applied to the ATC training programmes, and translate many of
the emergencies and scenarios employed in a full-flight
simulator to exercises taught in radar and tower simulators.
Whenever possible, the ATC students should be exposed to
aircraft flight operations and conditions of flight. Ideally
controllers will also have some experience as pilots or will have
completed an initial flight training programme that would
familiarise them with basic aircraft performance, meteorology,
radio telephony, instrumentation, etc. Successful controllers
share many of the same psychological attributes as successful
pilots and the criteria for the screening and selection of
controllers and pilots are quite similar. At the very least, ATC
students should have a clear understanding of flight deck

MANAGEMENT AND STRATEGY

procedures and environmental or emergency conditions that
affect the performance of an aircraft. The use of commercial fullflight simulation to replicate wind shear, turbulence, micro
bursts or mechanical failures during flight is an invaluable
training tool.
Team building and team resource management (TRM) are an
important part of the ATC training process. Just as crew resource
management (CRM) training of flight deck personnel reinforces
specific duties and responsibilities, TRM builds similar reliance
on others within the ATC environment. As on a flight deck,
redundant systems and safeguards are built into the procedures
used in a control tower, approach or en-route centre. An
effective ATC training programme will emphasise developing
redundant systems to safeguard against operator fatigue, loss of
systems or central communications, or crisis/emergency
conditions related to hijacking or hostage taking. Team building
requires instructors to be leaders as well as mentors for every
controller trained. Team building is an effective link between the
controller and the ATM/ATO policy and decision makers.
Training requires instructors to build relationships with both
students and agencies, to build trust and accountability with the
students and to provide effective training that is consistent with
all ICAO standards. The best measure of an effective training
programme is a customer’s return for training year after year.

In addition to customising training programmes for every
client, especially the client’s particular airspace and aerodrome
environment, it is important to develop and maintain a method
of assessment and reporting for each individual student trained.
Operator/student assessment is an important, on-going
condition of any training programme and is an essential element
of instruction as well as operation. Assessment reports provide a
valuable tool for the instructor because they establish specific
standards of performance as well as expectations that can be
measured. As a result, those measurements can be applied to the
group as well as to each individual within the group and that
can be a useful tool for assessment of the controller by managers
and supervisors.
Lastly the successful training of controllers has to reflect
passion and commitment by the instructors and the bond that is
built between the instructors and students. All ATC instructors
should be fully licensed controllers with proven experience and
recommendation as both a controller and an instructor. A
successful instructor needs to be able to share his life experience
and the conditions of his profession with students, and
instructor and students must share trust and respect. There are
many good controllers in this world but not many good
instructors, and there is always a need for that special instructor
who can make a meaningful difference in a controller’s career. ❖

ATC Training
•

ICAO Compliant Initial
and Recurrent Programs

•

Area, Approach and Aerodrome

•

Radar and Non-Radar

•

Aviation English Testing,
Training and Certification

For more information

305.874.6000
1.877.394.2118
www.panamacademy.com
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FUTURE INTEGRATION
Australia’s air carriers, its ANSP and safety regulators are now cooperating closely on the
development, integration and deployment of new ATM systems and procedures that are
already attracting the interest of other States and regions striving to accommodate traffic
growth and complexity
Paul Phelan

While the USA’s NextGen strategic plan and Europe’s
Single European Sky ATM Research (SESAR) project are
targeting implementation in 2018-2020, Australia expects
to be some years ahead with its roll-out of key new initiatives
under the Australian ATM strategic plan (ASTRA) group.
A number of the elements of the Australian ATM strategic plan
are already in the final development phase, in advanced trial, or
in regular use in the domestic and regional international
operations of Australian carriers. The development of each of
these complementary initiatives has occurred in parallel, but the
integration of the various elements into a new paradigm of ATM
is now apparent.
Among the elements are:
• Required navigation performance (RNP) approaches and
departures independent of terrestrial navigation aids;
• Continuous descent approaches (CDA) at idle or low thrust
optimising vertical navigation performance and minimising
noise and emissions;
• User-preferred routes (UPR), which optimise lateral navigation
against the forecast wind model and independent of fixed route
structures;
• Reduced approach minima, using a space-based global
navigation satellite landing system (GLS), which has the
potential to deliver a CAT3 ILS equivalent without the
operational constraints or costs of the current ILS system.
One outcome of these initiatives will be an operating
environment that meets many of the goals of the free-flight
concept, which is the flight-by-flight optimisation of aircraft
flight path according to prevailing weather and wind conditions
and specific aircraft performances, independent of established
air routes and fixed navigational aids.
Coordinating these programs is ASTRA, Australia’s whole-ofindustry ATM planning body. ASTRA member Walter Dollman,
who is also an Australian advisor to the ICAO ATMRRP, says:
“However while early deployment of these initiatives will bring
significant early benefits particularly in reduced fuel burn,
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reduced emissions and improved temporal performance, it is
acknowledged that care needs to be exercised not to go down a
technology path that is not fully compatible with later global
deployments, particularly those under way in North America
and Europe. There is a small risk in leading and Australia does
not want another ‘Australian DME situation’.”
(In 1955 Australia invented, developed and implemented the
world’s first DME systems, but these and their ground
infrastructures were eventually superseded by a US-developed
system that benefited from the Australian experience but was
technologically more advanced, had 126 channels and was
adopted as ICAO’s international standard.)
However stakeholders believe that a repetition of the Australian
DME’s fate is unlikely because there has already been considerable
global cooperation and planning between all the agencies under
the ICAO umbrella supporting the transition from ATC to ATM,
and Australian early deployments are in many ways seen as a
proof of concept by other States. The way Australia’s air traffic is
ultimately managed, and as the system is rolled out across the
globe, will substantially change ATC in a way that will be the
most important leap since the introduction of radar.
As well as navigation, significant changes in surveillance and
communication are in the pipeline. Legacy radar surveillance
systems are being replaced by ADS-B OUT, which will enable
broad ATC coverage of the continent and will later enable
improved cockpit situational awareness (ADS- B IN) while the
‘intent’ function from the FMS will better inform the groundsystem data processors.

User-preferred routes
Major transpacific carriers have been flying UPRs across the Pacific
since 1995, when the introduction of the Boeing 747-400 FANS-1
package enabled the use of CPDLC for ATC clearance requests and
deliveries, the downloading and acceptance of complex revised
flight plans, automatic position and other flight plan data
reporting, and continuous satellite-based communications.

MANAGEMENT AND STRATEGY

The ground-based flight plan conflict monitoring capability is resident in the ground-based ATM system, and continually updated by aircraft transmissions of present situation and intent. It
monitors flight plans and trajectories, detecting and notifying potential conflictions, and the controller becomes a manager. RNP (AR) denotes ‘Required Navigational Performance (authorisation
required)’ because authorisation for RNP operations is subject to specified levels of aircraft horizontal and vertical navigation and datalinking capability, crew training, and established procedures

The UPR capability developed across the Pacific is now
expanding to other international routes in the region and Qantas
and other operators are preparing for the deployment on
additional international city pairs and domestic airspace with a
planned roll-out commencing later in 2009. As an interim step,
between nominated city pairs a common and shared ‘flex track’
is proclaimed between certain hours, which provides some
generic benefit across different aircraft types.
UPRs have also spread from the Pacific to other long-haul
international routes and operators. One of the most notable
examples is Emirates’ flights from Dubai to Melbourne and
Sydney, where the direct route would nominally pass over Port
Hedland, which is midway up the continent’s west coast. A
typical UPR flight might track much further south to overfly, say,
Albany in Western Australia’s far southwest, catching the jet
stream over the Great Australian Bight and flying abeam
Melbourne en route to Sydney. This might save up to 20 minutes
of flight time by reducing actual air miles, while possibly flying
20 percent more ground track miles than would have been
flown on the more direct route.
Conversely UPRs are also used either to avoid identified jet
stream and other unfavourable conditions by either flying
outside them but parallel, changing altitude to fly over or under
them, or following a flight path that minimises their effect by
taking the shortest route through them.

In airspace where UPRs are to be deployed domestically,
ADS-B capability, although not mandatory, will enable reduced
separation of aircraft especially after its mandated introduction
in upper level airspace by 2013.
The planned domestic roll-out of UPRs will focus first on
trans-Tasman city pairs, followed by a four stage roll-out across
the remainder of the country. The planned end state will make
upper level fixed air routes in all but the busiest corridors
redundant.

Tailored arrivals
Under development in parallel to UPRs is a process called
tailored arrivals (TA), based on the use of CDAs at idle thrust
along a pre-planned flight path that minimises diversions from
the optimum track while complying with all unavoidable
constraints.
Rather than actually flying a fixed standard terminal arrival
route (STAR), following the published descent procedure, an
arrival trajectory optimised to the aircraft type and performance
is up-linked from the ground system to the aircraft with the data
also entered into the ATC system. Variables including aircraft
type, weight and performance, and ambient winds and
temperatures are used to construct a ‘power off’ CDA that is
delivering trial touchdown accuracies in the order of +/- 10
seconds. TAs offer benefits to air traffic flow management,

This might save 20 minutes of flight time
by reducing actual air miles, while flying
20 percent more ground track miles
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runway operating efficiency and profile optimisation. In the
future ATM system they offer the potential of elegantly
connecting a UPR to the runway threshold rather than via
terminal gates, while respecting any fixed constrains such as
noise amelioration.
These various initiatives can come neatly together so that a UPR
is flown for the en-route phase, a TA will determine an optimum
descent point and track and enable a CDA, and each trajectory
will be unique. In the trial it is the ground system that reviews the
flight against all stored performance and weather data, makes a
computation, reviews all the constraints, which are also stored,
and calculates the optimum arrival path for the aircraft.
Walter Dollman describes the process: “Basically it’s asking the
system what the optimised trajectory is in these conditions, and
that’s what we attempt to execute. The move is away from the
constraints of fixed route structures, ground navigational aids
and other conventional route structure fixtures towards
optimised ground tracks and profiles. The system still requires
the aircraft operator to submit flight planned details, either as a
UPR or via the fixed track structure, optimised to forecast
weather, airspace restrictions, defined waypoints in the terminal
area and environmental constraints. This is later displaced by
the optimised TA generated by the ground system and accepted
into the aircraft’s FMS well prior to the top of descent.”

Precision approaches and departures
Other applications to be potentially integrated will be RNP
approaches/departures and GLS. RNP-based combined arrival/
approaches connect the upper level route to the runway
threshold. As the FMS knows the desired aircraft ground path it
can optimise the descent profile for actual weight, wind and
temperature right to the runway threshold. The degree of
precision will normally be related to the RNP capability of the
aircraft systems and the crew.
A growing percentage of the Australian fleet, including
regional turboprops, is now equipped for RNP .03 operations
and approaches have been developed by Seattle-based
consultants Naverus under contract to Qantas at several of the
carrier’s more important destinations.
To make RNP procedures available to other carriers,
Airservices Australia is now developing an RNP programme that
will facilitate approaches for multiple airframe types across a
range of airports, including the capital city aerodromes. These
approaches will deliver a capability in the order of precision of a
Category 1 ILS.
At Sydney, where ILS suffers recurrent interference due to
adjacent port activity as well as on-airport movements, a
ground-based augmentation system (GBAS) supporting GLS has

been under developmental trial for about two years, with the
expectation of its eventually replacing ILS altogether while
delivering a higher-performing precision approach capability
somewhere near CAT3.

Evolutionary oversight
The concept that emerges is one of the eventual virtual
abandonment of existing airway route structures, established
tracks and designated waypoints, and replacing them with a
system that has aircraft arriving and departing along seemingly
random tracks and climb/descent profiles. And to optimise the
benefits there is a parallel need to limit or completely remove
separation conflicts that necessitate imposing any clearance
limitations that diminish operational performance and economy.
Here lie a number of interesting challenges for future ANSPs
including Airservices Australia. What training and adaptation
will be required for controllers, and how can their situation
awareness be maintained during and after the transition? How
will the role of the controller change and will controllers (or air
traffic managers) ‘manage by exception’? And what provisions in
terms of software, hardware, regulatory compliance and training
are contemplated to ease controllers through the migration to
this new ATM operational concept?
All these issues are expected to be analysed and resolved as
the integration process proceeds. Many of the answers are
expected to lie in automated detection, display and resolution of
separation conflicts. Early in the development of Australia’s
strategies the concept of a flight plan conflict function was
proposed as part of its TAAATS (The Advanced Australian Air
Traffic System), but the original design was not operationally
implemented because it did not yet meet requirements. The
software has now been refined and integrated into TAAATS for
further evaluation and development.
The flight plan conflict probe can predict the entire 3D
trajectory of a flight, compare it to those of other flights, and
calculate whether any procedural separation infringement can be
expected. If no problem exists it ignores the other aircraft;
however if calculations show a potential infringement of
separation, the system will flag this to the controller for
intervention. At some time in the future the system will no
doubt also propose solutions. Final tests of this function are in
progress and its commissioning is expected late in 2009,
enabling the roll-out of UPRs as a key component of a
completely new ATM concept.
As the complementary projects move closer to ultimate
integration into the already advanced Australian system, there is
growing confidence that these solutions will reaffirm Australia’s
reputation for initiative and leadership in ATM development. ❖

The concept that emerges is one of the
eventual virtual abandonment of existing
airway route structures
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NEXT GENERATION
Forming partnerships in the aviation sector is key to improving operational performance
Anna Sanfilippo, Air Traffic and Navigation Services South Africa

ATNS, the Air Traffic and Navigation Services Company
of South Africa, provides the national air traffic
management services, communication, navigation and
surveillance infrastructure, and operates the aeronautical rescue
coordination centre.
During our 15 years of operation we have seen a considerable
growth in air traffic movements together with an improvement of
our safety and operational performance. These improvements
have been realised by the appropriate investments in our staff
and our infrastructure.
ATNS has renewed and expanded the national communication,
navigation and surveillance infrastructure materially:
• Air-to-ground radio communications to cover the entire
continental airspace from 1,500ft above ground level;
• The national electronic surveillance network comprising
primary and secondary radar systems to provide surveillance
coverage from 10,500ft above ground level across the high
density airspace in South Africa, enabling aircraft separation to
be reduced and increasing total capacity eightfold;
• The national terrestrial navigation system network to provide
coverage of all the air routes in use in the country allowing all
airspace users to navigate safely across the country;
• The future implementation of the air traffic flow
management tool (ATFM) for the central airspace management
unit (CAMU), enabling automated strategic, pre-tactical and
tactical ATFM to be carried out. As a highly integrated system it
will have collaborative decision-making capabilities that will

ensure that the reasonable requirements of ATC, aircraft
operators, military aviation and airport operators are considered
by the CAMU before an airspace plan is finalised.
ATNS is closely involved at a regional level with the planning
and development of air navigation services. We played a leading
role in the introduction of Reduced Vertical Separation Minima
(RVSM), which reduced the separation between aircraft from
2,000ft to 1,000ft at high altitude and was successfully
introduced in Africa on 25 September 2008. ATNS hosts and
operates the African Regional Monitoring Agency (ARMA) for
RVSM on behalf of ICAO.
At a regional level the Southern African Development
Community (SADC) satellite communications network was
replaced by a next generation network, and satellite services were
expanded to the North East African Region with the installation
and commissioning of a similar network in that region. ATNS
now has a permanent presence across the continent from the
Cape to Cairo. As a result of these developments, the aeronautical
fixed service communications in this area, as well as the
interconnections with the ASECNA States, has been drastically
improved with a resultant major improvement in aviation safety
by eliminating a large number of communications deficiencies
that existed in Africa for many years.
Forming partnerships is not only extremely important to
improve operational performance but it is also the key to aviation
safety in African skies. ATNS is extremely proud to be part of that
great African partnership. ❖

South African Advanced Air Traffic System (SAAATS)

Students receiving training at the Aviation Training Academy
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On-the-job training for controllers
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UK AIRSPACE MANAGEMENT
A report on the UK House of Commons Transport Committee’s Inquiry into the
Management of UK Airspace
Peter Brooker
In early 2009 the UK House of Commons Transport
Committee carried out an Inquiry into the Management
of UK Airspace. This summarises the Committee’s
Conclusions and Recommendations (Fifth Report, The Use of
Airspace, HC 163, July 2009).
Figure 1 illustrates the nature of the problems. How much
airspace should ATC control? Where should aircraft routes be
located? Should operations be constrained in some way? There is
competition for a variety of scarce resources, plus key constraints.
Major concerns are fuel-efficiency – minimising CO2 emissions –
and disturbance by aircraft noise.

UK airspace change
Figure 2 explains some of the processes and terminology for UK
Airspace Changes. Key documents are the Department for
Transport (DfT) ‘Environmental Guidance’ to the Civil Aviation
Authority (CAA) and the Director of Airspace Policy’s ‘Airspace
Change Process’ set out in CAP 725.

Management and process
Present UK arrangements generally work well, according to the
Committee – certainly in terms of professional competence – and
did not need structural change. It suggested some improvements:
Paragraph 22 of the Report …much to commend in the
current management of UK airspace … particularly impressed
by the technical competence and professionalism of the CAA
and NATS … reject suggestions that responsibility for decisionmaking about airspace be placed in a different organisation …

no apparent and significant benefits from such a transfer.
Para 27 …fundamental that those affected by airspace changes
are presented with more than one option, assuming this is
possible, during the consultation process...
Para 30 The CAA and NATS should review the techniques used
for designing controlled airspace around airports … match
European and USA best practice standards…

Master plan
Several organisations submitting evidence wanted some kind of
‘Airspace Master Plan’ or ‘Future Airspace Strategy’ for the period
of the Aviation White Paper (up to 2030). But there was not total
agreement about this – is there just too much uncertainty about
airport developments? – so the Committee asked for evidence
both of gains from such work and safeguards to the existing
airspace change process. Members also wanted to be confident
that airspace constraints would feed into decision-making about
potential airport developments.
Para 34 …there needs to be clarity about what benefits an
Airspace Master Plan would bring…
Para 35 …the CAA should present its framework
recommendations for a Future Airspace Strategy (FAS) to the DfT
and the industry … nature of the FAS, the benefits to be achieved
… safeguards required to ensure that the FAS does not pre-empt
… proper consultation on airspace change proposals.
Para 41 …essential that National Policy Statements on the
development of major airport infrastructure are based on advice
from the CAA and NATS about the airspace implications of
proposed developments.

Europe
AIR TRAFFIC CONTROL
Safe movement of traffic is vital!
MoD
We need training
and exercise
areas!

AIRLINES
Fuel-efficient routeings!

GENERAL
AVIATION
Must have
sufficient
uncontrolled
airspace!

RESIDENTS
Don’t overfly my house!

ENVIRONMENTALISTS
Don’t ruin tranquil areas!
Figure 1: Many needs – limited airspace
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On European themes, the Committee stressed the
need for appropriate ‘subsidiarity’. There were
concerns about the European Aviation Safety Agency
(EASA) – the Committee expressed its views in an
earlier Inquiry – and about the Single European Sky
ATM Research (SESAR) programme’s costs and
benefits. The MoD’s oral evidence is very interesting
here: it faces very large costs to meet SESAR
requirements.
Para 77 …essential that NATS and the CAA remain
at the very forefront of Single European Sky
developments...
Para 82 …Government must be explicit that the
focus of the European network management function
should be on cooperation … function should not
have the power to overrule … national regulator.
Para 86 Committee remains concerned that the
extension of EASA’s remit may lead to a decline in
safety standards…
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SELECT COMMITTEES
This sets out the parliamentary select committee process very crudely.
• There are approximately 12 MPs covering a range of parties
• Each Committee covers a department or function
• There are several Inquiries a year
• Each Inquiry has specific Terms of Reference (ToR)
• Anyone can submit written evidence
• The Committee questions witnesses – oral evidence
• The Committee is supported by staff plus Specialist Adviser (briefs and
identifies key issues)
• The Report tries to answer ToR questions, based on evidence, particularly
when Government action would improve the situation
Indications of this Inquiry’s output are:
• 59 pieces of written evidence
• Six witness sessions
• 44 witnesses (some twice)
• Report: 293 pages

Department for Transport
ENVIRONMENTAL GUIDANCE

Civil Aviation Authority
Director of Airspace Policy
AIRSPACE CHANGE PROCESS –
CAP 725

No

AIRSPACE
PROPOSALS
Mainly by
NATS

Change Sponsor publishes
feedback to consultee
including its decision on the
option selected
Submit Formal Airspace
Change Proposal to DAP

Does design require
modification in the
light of responses?

Yes

PROCESSES:
feedbacks,
checks,
studies, etc

CONSULTATION
With ‘stakeholders’

Modify Design

Stage 5
From Stage 5 Case Study

There can be problems about the quality of written evidence. This is
sometimes essentially an attempt to put one side of the case. Witnesses’
views may not be supported by actual evidence. Written evidence is not
edited by the Committee, so it is not guaranteed to be objective and
accurate. For example, one document says “Mr X believes that A is true”
– but Mr X is on record as saying that A is not true.
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IMPLEMENTED
CHANGES
Figure 2: UK airspace change process

Para 89 CAA should lead work to establish the broad costs and
benefits of SESAR for each of the different sections of the UK
aviation industry ... set out how it intends to improve the
phasing of projects within SESAR so as to maximise the benefits
to aviation stakeholders most cost-effectively.

Communication
One of the technical topics that came up in several witnesses’
evidence was Mode S transponders, which enable controllers to
see aircraft with modern radar and are mandated for UK
controlled airspace. Typical costs for GA Mode S transponder are
£1,500 to £2,000, but the initial capital cost of transponder
equipage can be equivalent to a significant proportion of the value
of the airframe: gliders cost £10,000 upwards.
There are several issues regarding Mode S transponders: power
generation for gliders (it is expected that battery technology will
continue to evolve), installation/weight, few safety/economic
benefits, perceived by GA as an ‘ATC tax’.
This is a sensitive subject for GA, particularly for glider flying.
There was a very involved consultation by the CAA on
incremental expansion of the use of SSR Mode S transponders in
UK airspace, but at the time of the Inquiry, there did not seem to
be a definitive set of plans.

This kind of issue, plus uncertainties about the Future Airspace
Strategy, led to recommendations about how the CAA
communicates and consults with stakeholders:
Paras 58/59 Our inquiry revealed several areas of ‘dissonance’
between the perceptions of airlines, airport operators, and other
stakeholders on one hand and the official line given by the CAA
on the other.… The CAA should review its communication
strategy in DAP to ensure that policy and technical matters are
communicated in a timely and effective manner to all
stakeholders.
Para 38 The CAA could allay many concerns about the perceived
slow progress in developing a long-term airspace strategy, and the
lack of consultation to date on the FAS, through better
communication with stakeholders ... properly consulted about
the FAS when appropriate.

Stacking
One of the most common concerns of residents’ groups was
stacking, particularly at Heathrow – mentioned over 150 times in
the Report. Figure 3 illustrates stacking. People have various
reasons for disliking this, including noise disturbance and wasted
fuel.
Aircraft stack because it is on-balance profitable for the airlines.

One of the technical topics that came up
in several witnesses’ evidence was
Mode S transponders
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Figure 3: Plan-view of traditional arrival process for a busy runway

Figure 4: Airport delay and traffic demand

Figure 4 shows the relationship between the delay to aircraft and
traffic demand. This curve is a simple consequence of the need
for minimum safe distances between aircraft combined with a
fluctuating demand pattern over each hour. Queues frequently
build up and take a long time to dissipate. Heathrow is in many
peoples’ view overscheduled for its runway capacity.
The Committee recommendation about stacking focuses on
Heathrow.
Para 45 …excessive stacking, such as frequently occurs at
Heathrow, has negative environmental effects. A third runway at
Heathrow Airport, if built, offers a real opportunity to add
resilience into the air traffic management system and to help
reduce excessive stacking. If a third runway is built at Heathrow,
the Government should create a framework for setting targets to
eliminate excessive stacking around the airport. The CAA should
be given responsibility for setting and monitoring such targets.
Note the word ‘excessive’: what would be reasonable targets?

making criteria regarding airspace design changes that have
significant environmental impacts. The CAA should be basing its
decisions on clear principles set out by Government on its
environmental priorities, to enable the authority to better make
the difficult decisions where the advantages of direct flight
routeings and noise impacts have to be balanced against one
another.

Environmental guidance
On general environmental guidance, the Committee’s
recommendation was:
Para 70 The Department for Transport (DfT) should issue up-todate Environmental Guidance to the CAA before the end of the
year. The guidance should represent current Government
thinking on CO2 and other emissions in relation to transport
decision making. The guidance must be clear about the basic
policy principles by which the Government expects the CAA to
make its airspace assessments.
Para 72 Once the DfT has issued new environmental guidance to
the CAA, the CAA must produce clear and comprehensive new
guidance on airspace change for the industry…
It was noted:
The CAA is not an elected body and it would be inappropriate
for the authority to be the final arbiter of decisions or decision-

TABLE 1: CDA PERFORMANCE STATISTICS
Airport 2008
Heathrow
Gatwick
Birmingham
Manchester
Heathrow over time
1972
1977
2007 BA

54

Percent CDA
82
83
87
80

~0
70
95
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Environmental impacts
One key element of the DfT guidance is about so-called tranquil
areas – National Parks and Areas of Outstanding Natural Beauty.
Several witnesses were concerned about new routeings and
marked traffic growth overflying tranquil areas, and there is a
“paucity of quality research about tranquillity and the effects of
aircraft on tranquil areas”:
Para 64 Current guidance appears to allow unchecked increases
in aviation activity over these [tranquil] areas. Without some level
of constraint, the noise environment in these areas might degrade
progressively as traffic increases.
Para 65 The DfT and the CAA should examine the case for
adopting maximum limits on noise levels and numbers of aircraft
permitted per hour over sensitive areas.… The DfT should fund
exploratory research on evidence-based limits.
What would a ‘tranquil areas’ policy look like? Figure 5
attempts to show some of the choices. There are small aircraft
symbols for the ‘noise limit’ choice, intended to indicate that they
are further away from people on the ground, i.e. at higher
altitude. A number limit would constrain aircraft routeings, so
extra flight demand would either have to fly a different route
option or not be satisfied – the latter being an airspace constraint
on airport operations.

P-RNAV and other technologies
Routeings followed by aircraft are obviously very important. One
of the striking things about the evidence to the Committee about
navigation was the enthusiasm for Precision Area Navigation (PRNAV) – Figure 6. The Report mentions P-RNAV positively more
than 50 times. P-RNAV is an important step to trajectory-based
navigation but a great deal more will be needed. To put it into
context, a satisfactory P-RNAV performance laterally would allow
an along-track positional error of 10,000 nautical miles.
Witnesses were critical about the rate of introduction, noting
that, for the maximum benefits, a very high proportion of
operations need to be P-RNAV. There are major fitment issues
about P-RNAV. Airlines are in great financial difficulty and
therefore focus on quick investment paybacks – benefits are only
delivered if the ATC provider’s procedures enable the best use of
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Figure 5: Policy on tranquil areas?

kit. For commercial aircraft at major UK airports, most have
suitable Flight Management Systems, but perhaps 15 percent
need to get upgrades, plus appropriate training and certification,
with costs ranging from around £60,000 to £300,000.
The Committee noted that “The CAA does not appear to have
offered clear statements to the industry and public about its
broader P-RNAV strategy for the UK,” hence:
Para 47 It is clear that the development and application of new
technologies and air traffic management techniques are integral to
improving flight efficiency, thus reducing excessive fuel burn, and
increasing airspace capacity.
Para 53 We have heard very wide support for Precision Area
Navigation (P-RNAV), but a great deal of uncertainty remains
amongst industry parties about the actual plans and commitments
for the widespread introduction of this technology in the UK. The
CAA should produce a strategy for P-RNAV within 12 months.

CDA

Figure 6: P-RNAV – background plus enthusiasm

compliance with ATC speed control requirements and the safe
operation of the aircraft.
Implementation at Heathrow began in the mid-1970s. These
techniques generally require reasonable meteorological
conditions.
Figure 7 is a recent CDA diagram – actually taken from 1970s
CAA reports. One feature is that a CDA aircraft is operating about
30 knots faster than a conventional approach aircraft when it
starts this descent. Figure 8, from a 1979 report, shows the noise
benefits in decibels from the two techniques. They are substantial:
the aircraft is higher up and in a cleaner flap/landing gear
configuration. Statistics on CDA achievement at major airports
were supplied by the Airport Operators Association – Table 1.
This examination of CDA achievement led to the Committee
recommendation; again, very much a sensible ‘best practice’ goal:
Para 57 There is currently noticeable variation between airports
and between airlines in the take-up of Continuous Descent
Approaches (CDA). It is necessary to improve airports’
performance in the use of CDA landings so that the best practice
standard is adhered to as near to universally as is achievable. The
Civil Aviation Authority must adopt a more active role in
encouraging the industry to adopt CDA. ❖
• Peter Brooker was the specialist adviser to the Committee

Figure 7: CDA – continuous descent approach

Figure 8: CDA and LP/LD noise benefits

dB Reduction

Many witnesses commented on the need to reduce noise impact
from aircraft on approach. There were more than 60 references to
Continuous Descent Approach. CDA was developed over 30
years ago, along with low power/low drag (LP/LD):
CDA: A 3º approach with no level segments, compared with a
‘conventional’ approach which includes a 5NM level segment at
3000ft.
LP/LD: The pilot delays the extension of the flaps and
undercarriage until the final stages of the approach, subject to
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AIM IN BRAZIL
The development of systems enabling global online access in real time to aeronautical
information with the required quality are necessary to the evolving ATM system
Eno Siewerdt, Giacomo Feres Staniscia and Antonio Pedro Timoszczuk, Atech – Tecnologias Criticas, Brazil
On 9 April 2009 the Brazilian ANSP, DECEA, by means
of an Aeronautical Information Circular, notified its
intent “to implement RNAV-5 in the Amazonica,
Brasilia, Curitiba and Recife FIR, on 18 November 2010”. As is
widely understood, area navigation permits operational
flexibility and efficiency by removing most of the restrictions
imposed on conventional routes and procedures.

Figure 1: SAGITARIO – IHM
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Implementation will be in accordance with corresponding
regional air navigation agreements and it cannot be safely and
successfully handled without due consideration of several key
requirements. As well as the availability of communication and
air traffic services surveillance infrastructure, the evolution of
ATC automation and aeronautical information has also to be
considered, in order to enable and realise the expected benefits
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Figure 2: Geo-referenced interface with NOTAM information (red flags)

of new techniques and procedures in the domain of ATM,
including the specific case of area navigation (RNAV).
Information has been a key element in aircraft operations
since the beginning of flight and became essential with the rapid
growth of commercial air transport, starting in the early 1950s.
So it was only an expression of common sense when Annex 15
to the Convention on International Civil Aviation was published
with the overall objective of ensuring “the flow of information/
data necessary for the safety, regularity and efficiency of
international air navigation”.
Nowadays air navigation has become quite dependent on
data-driven systems and is highly computer based. The use of
corrupt or erroneous aeronautical information/data can easily
affect the safety of air navigation, with severe risks and
potentially catastrophic consequences in case of loss of integrity
of critical data. Therefore the role and importance of
aeronautical information and data increases considerably with
the implementation of more advanced techniques such as RNAV.
The evolution of ATM systems depends extensively on the
provision of information, which has to be “timely, relevant,
accurate, accredited and quality-assured information to
collaborate and make informed decisions”, as stated in the
Global ATM Operation Concept Document. Thus only
information sharing on a system-wide basis will enable the ATM
community to conduct its business and operations in a safe and
efficient manner. For example surveillance and guidance systems
may provide for greater situational awareness that will permit
full-capacity operations in all weather conditions, but only

through proper information management may such
an increased system capacity be successfully
exploited.
Certainly it is reasonable to record that many
initiatives are ongoing in different regions of the
world dealing with the evolution of aeronautical
information management. Examples of such
initiatives are the digital AIM trials at Eurocontrol,
the digital NOTAM projects at the FAA, enterprise
architecture, and the evolution of modern aircraft
avionics to present AIM-based information. These
examples clearly show the way ahead and that a
major change is on the way
It may also be said that a new aeronautical
information operational concept is due on the
market and should provide the basis for a range of
conceptual changes that will evolve over the
planning horizon, and bearing in mind the notion of
global information utilisation. In this sense the role
of ICAO is clearly recognised and supported and all
stakeholders, aeronautical information system providers
included, are looking to Montreal for guidance and leadership.
ICAO directions are of major concern in order for all
countries around the world to make a smooth and secure
transition to AIM. The development of the global strategy
roadmap for the transition from AIS to AIM, tasked to the
Aeronautical Information Services-Aeronautical Information
Management Study Group (AIS-AIMSG), established by ICAO,
is seen as a key element in the provision of guidance material for
a standard aeronautical information conceptual model, and
standard aeronautical information exchange model, to enable
the global exchange of data in digital format. Also needed is the
definition of a means to allow the further evolution of these
models in a managed and supportable manner, which is also
stated in the terms of reference of the study group.
Nevertheless with the planned introduction of RNAV
operations in Brazil (and other airspaces in the region)
aeronautical information has already turned into a crucial and
critical component of the current ATM system, which has to
develop to fulfil AIS/MAP service covering all phases of flight.
Therefore, under the umbrella of ICAO regional offices and the
Planning and Implementation Regional Group (GREPECAS), a
Strategy for the Transition to Aeronautical Information
Management in the CAR/SAM Regions is on the way. It calls for
the gradual implementation of AIM in the Regions and was
developed to identify important requirements and components
of capable and sufficient AIM to support the demands of CNS/
ATM navigation, setting stages to be fulfilled in a gradual

The use of corrupt or erroneous
aeronautical information and data can
easily affect the safety of air navigation
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manner from 2008 to 2015, including in its development the
elements of human resources and investment planning.
Atech working together with DECEA, in view of its role in the
continuous modernisation of the Brazilian ATM system – for
example the introduction of SAGITARIO (Figure 1), an
advanced ATC system, and SYNCROMAX, for air traffic flow
management – also realised the utmost importance of
developments in the AIM field.
Based on extensive benchmarking and consistent networking
with Eurocontrol, a comprehensive architecture for AIM in
Brazil has been developed. This architecture was developed as a
result of studies of AIM concepts and an evaluation of its
applicability to the Brazilian scenario. A prototype was
implemented validating the proposed architecture. This first
implementation consists of a framework that encompasses a
subset of AIM aspects and includes a NOTAM editor and an
application that integrates aeronautical and meteorological
information over a geo-referenced interface (Figure 2). The
architecture was designed considering modularity, in order to
facilitate integration with other solutions in the AIM domain.
Specifically for Brazil, the big challenge is the integration of
existing systems under the AIM concept.
The whole framework (client side and server side) has been
developed using the standards defined in the AIM concept and it

is AIXM 5.0 compliant, on the move to version 5.1. The initial
test results show that the application of information exchange
models (Aeronautical Information Exchange Model and Weather
Information Exchange Model) and Web Service technology
promotes a guarantee for information consistency and
transparency for the development of new applications and
increases the capacity for governance of aeronautical information
and the reliability of the aeronautical information system.

Conclusions
As the implementation of the ATM system goes ahead,
employing new technologies and concepts for a more flexible
style of airspace use, and such a system becomes increasingly
dependant on aeronautical data, the immediate access to highquality aeronautical information will represent an essential
component of ATM systems.
The development of systems enabling global online access in
real time to aeronautical information with the required quality
will be the necessary support of the evolving ATM system. As
such the initiative in the AIM field, as described above, will pave
the way for global harmonisation and interoperability of
systems, as envisaged by the ATM operational concept, and
provide for achievement of the safety, personal and commercial
expectations of all relevant stakeholders. ❖

Credit: Luiz Eduardo Perez - DECEA

Flying high in global testing

Results of an audit performed by ICAO* in Brazil:
• SISCEAB** (coordinated by the Department of Airspace Control) is second only to Canada in the individual evaluation;
• The conformity level achieved by Brazil (including the other segments of civil aviation) was 5th among G20 countries.

Atech, a Brazilian organization which integrates, innovates and develops safety-critical systems, congratulates all of the
professionals, both civilians and military, responsible for the cutting-edge technology and reliability of Brazil’s Air Traffic
Management System.
*International Civil Aviation Organization, the supreme governing body of world civil aviation.
**Brazilian Airspace Control System.
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Single and integrated systems
for the next generation ATC Towers
ACAMS offer solutions within these areas:
Airfield Lighting Control / MET Info Display / AWOS / NavAids Monitoring
& Control / D-ATIS / VOLMET / Datalink Departure Clearance / Flight
Data Display / Information Systems / CAT III Status Monitoring / AFTN
Display / Electronic Flight Strips / General Alarm Monitoring / Radio
Control Panels / Tower Cabin Interior / Runway Occupancy Display /
Red Telephone & Fire Alert / VoIP based Intercom / Crash Alarm / GPS
Time / Consoles / Tower Cabin Task Lighting / Sun Shade Control /
Video Surveillance / Entrance Control /
ACAMS Airport tower solutions are ranging from turn-key supply of ATC Tower Systems
and equipments to cost effective individual sub-systems which can be scaled to suit the functional and capacity requirements of any civil or military tower.

More than 40 TWRs equipped with ACAMS solutions
– ranging from off-shore heliports, via regional airports, to large international airports.
ACAMS AS / Oslo / Norway / sales@acams.no / www.acams.com
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TRAINING WITHOUT
BOUNDARIES
Optimisation of training methods and facilities, and economy of scale, has considerably
reduced the cost of training ab-initio ATC students
Anne Kathrine Jensen and Peter Kantner, Entry Point North, Sweden

ANSPs are facing the long-term challenge of meeting the
growth in air traffic. Despite the world economic
situation over the past year, history clearly shows that
traffic will return to its growth path once the economies start
picking up again. In Europe today we have more than 15,000 air
traffic controllers (ATCOs), about 10 percent short of the
required number according to Eurocontrol. Many of these
controllers are approaching retirement.
In meeting current and future demand for training, the ATM
industry faces four major barriers that must be addressed:
• High cost of training;
• Scarce resources;
• Limited harmonisation across Europe concerning training
objectives and methods;
• Lack of transparency.
Almost every ANSP in Europe has its own in-house ATMtraining academy. Consequently they all invest in infrastructure,
training facilities, and developing and maintaining training
material. Also, every ANSP needs to have a sufficient number of
competent instructors. Licensed controllers usually come from
operational units, where there are seldom surplus ATCO personnel.
The result of this structure is high cost and too high a reliance on
the limited resources involved in the training process.
The typical structural barrier limits ANSP ability to utilise the
benefits of an open market. Cost related to the training process is
integrated into the total spending of an ANSP, which opens up
the possibility of cross-subsidisation. The exact internal cost for
the training product is difficult if not impossible to determine,
which is why competition is limited.
This structure is inflexible and expensive, which requires a
high number of scarce resources. It is also contrary to the ideals
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of the Single European Sky, which encourages harmonisation
with fewer and larger units cooperating across borders in Europe.

What does the market need?
High quality and low price is the common wish from our
customers. The challenge is how to provide that in a market that
sets very high standards where safety cannot be compromised.
With implementation of the EU Directive in May 2008
concerning harmonisation of ATCO-licences across Europe, the
first step has been taken towards competition in the training
field. With harmonisation and standardisation of training
programmes ANSPs now have the opportunity to act as
demanding customers and compare academies to choose a
supplier based on quality, content and price.
By pursuing transparency, ANSPs can better decide what is
best done in-house and where external partners can provide
training more efficiently. To fully support competition in the field
it is necessary to ensure transparency in the market. Academies
need to be separate from ANSPs, without subsidisation, in order
to secure fair and equal competition, thus driving cost
improvements for the training of ATCOs.
Within the aviation industry a free market with competition
will lead to academies striving to deliver quality at a price
customers are willing to pay, for the benefit of all players.

Reduced cost per student
In just a few years Entry Point North has proved that it is
possible to reduce the cost of training per student, contrary to a
trend over many years. By taking advantage of economies of
scale, and by working intensively with new pedagogical methods
and technical solutions, Entry Point North has emerged as a
high-quality supplier of training at a relatively low cost when
compared with current standards.
Has the cost improvement had any implication on quality? No.
Even though the cost per student has decreased considerably, the
success rate on initial training is still high, with more than 90
percent of enrolled students graduating with a certificate.
The result is now fact, not wishful thinking. Harmonised and
standardised training across Europe in a competitive market with
a transparent cost structure will reduce the cost of training and
secure development in line with the plans for a Single European
Sky. Harmonisation in the training field will support cross-border
services and aid integration and cooperation among service
providers for the benefit of the whole aviation industry and its
many users. ❖
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IN-FLIGHT SECURITY
Effective management of in-flight security incidents is of essential importance in the fight
against terrorism
Antonio Nogueras, Eurocontrol

The events of 9/11 drastically changed the way in-flight
security incidents are managed. That day the world
witnessed an unprecedented dimension of terrorism –
civil aircraft being used as weapons of mass destruction. In
Europe the new threat was termed Renegade – a term used to
describe a situation where a civil aircraft is used as a weapon to
perpetrate a terrorist attack. Since then national security
authorities are more reactive to any indication that could lead to
a security concern, i.e. loss of communications (COMLOSS)
with an aircraft, or transponder switch-off or wrong setting. As
an example, in most European countries the number of
interceptions due to COMLOSS at least doubled after 9/11.
In light of the Renegade threat, national response procedures
to deal with in-flight security incidents have been reviewed. In
many cases bilateral agreements have been set up to better

The cross-border issue

coordinate cross-border incidents. However this should not be
enough; the international dimension of in-flight security
incidents requires harmonisation at the European level. As an
example, Figure 1 represents the 9/11 aircraft tracks mapped
onto a central European scenario. It can be seen that three or
four States are rapidly affected.
To address the international dimension of the Renegade issue,
Eurocontrol and NATO decided to work together and created
the NATO Eurocontrol ATM Security Coordinating Group
(NEASCOG), with the mission of ensuring the necessary close
coordination and development of all related security activities
and guiding the member nations of each organisation to reach
converging views.
In this regard NEASCOG promotes, develops and supports
effective pan-European security measures:
• Create a European regional
focal point for ATM information,
involving civil and military
interests;
• Give priority to the validation
of a high-capacity air-ground
communications capability for
the transmission of encrypted
cockpit voice, flight data and
onboard video information.

Explaining the problem

Figure 1: 9/11 aircraft tracks mapping on central European scenario
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In-flight security incidents are
time-critical events that require
strong coordination among
different actors and the
gathering and validation of
nearly real time information for
decision making support.
The main aspects in managing
a security incident are:
• Optimising awareness:
identification of suspicious
aircraft, incident notification,
information dissemination,
maintaining awareness;
• Information requirements:
relevant information needed to
manage and resolve an incident;

MANAGEMENT AND STRATEGY

confirmation of the legitimate
pilot in command, and the
pilot’s intention.

Providing solutions: the
framework

Figure 2: Airspace security incident management high-level concept

• Time factor: required information must reach the appropriate
recipient on time to be able to provide adequate response;
• Technology support: automation and encryption facilitate
information exchange, reduce delays and guarantee
confidentiality.
Information requirements for in-flight security incidents have
been gathered from national authorities. Relevant information
items are:
• What is wrong? Several criteria for suspicious behaviour have
been identified, but the list is not exhaustive. Training, security
awareness and best judgment of pilots and controllers are
therefore a key factor.
• What is going on? Information about the situation on board is
essential. The pilot in command is the key actor, and measures
to support him/her must be implemented according to
predefined scenarios when possible. However the main problem
in this regard is to make sure that the pilot in command is the
legitimate one. Information about the flight is also important –
type of aircraft, nationality, operator, passengers on board,
nationality, VIPs and children.
• What is the threat? Risk assessment should evaluate the real
threat that is posed by the aircraft – endurance, objectives at
range, aircraft behaviour (for example, steep descent),

The NEASCOG Airspace
Security Incident Management
(ASSIM) high-level concept
provides a framework to deal
with in-flight security incidents.
The objective of the concept is
to support the decision-making
process by providing the
national authorities responsible
for airspace security – meaning
the safeguarding of the airspace
of responsibility from
unauthorised use, intrusion,
illegal activities or any other
violation, which involves
managing the airspace to
prevent, detect and resolve
where possible airborne threats
– with real-time reliable
information about airspace
security incidents.
Other actors considered in the ASSIM high-level concept are
national air defence centres, adjacent air defence centres, civil
ATC, airline operations centres and the aircraft. One of the main
domains that has to be considered within the ASSIM concept is
technical support to enabling secure and real-time dissemination
of information.

Technical support (ASSIM tool)
A fundamental aspect of ASSIM is the collection and timely
dissemination of required information. The ASSIM concept
considers the national governmental authorities (NGAs) as the
end user. The rest of the actors should play a role to support the
NGA and facilitate the decision-making process.
An ASSIM tool should therefore be tailored taking into
account NGA needs. An automated ASSIM tool will clearly
benefit the national decision-making process by gathering and
disseminating in real-time secured (encrypted) information.
Predefined sets of information items must be available
immediately an incident escalates to NGA level; only an
automated tool can provide this capability, especially in a
multiple-event scenario. COTS products should provide the best
option for the ASSIM tool, from a pragmatic and cost-efficiency
point of view.

One of the main domains that has to be
considered within the ASSIM concept is
technical support
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encrypting, to the extent
necessary, at the application
level using IpSec.
• It must operate in a
cooperative as well as a noncooperative environment.
This gives it the possibility
of being activated from the
ground.
• It must provide for
recording capabilities.
• Ground infrastructure
must be minimal.
• The availability of suitable
radio spectrum is critical for
all systems that transmit or
receive. The aeronautical
industry is seen by radio
regulators as having more
than adequate amounts of
spectrum and continually
urge the industry to make
more efficient use of it. This
means that any new
aeronautical system must be
accommodated within
existing aeronautical
spectrum and must be
compatible with other
systems.
Security information sharing Once security information has been
acquired it should be shared among all actors involved in
inflight incidents. It is needed to assess the situation, take action
and facilitate and support the decision-making process.
Initial developments were focused on the establishment of a
European focal point for Renegade information gathering and
dissemination. This was based on a standalone system with
specific hardware and software. Some difficulties immediately
arose: implementation of a new dedicated system isolated from
the standard systems used for day-to-day operations and the
need for special procedures and training to become familiar with
it. This initiative was therefore abandoned and further activities
refocused on user-friendly COTS technologies.
The current project relies on private key infrastructure (PKI)
technology, which is increasingly widely used in both civil and
military environments.
PKI brings a solution for the basic problem of confidence and
trust in the electronic world:
• Identity of an user: authentication – digital signature;
• Information to be kept private: confidentiality – encryption;
• Information cannot be manipulated: integrity – digital
signature;
• Information cannot be disowned: non-repudiation – digital
signature.
PKI offers a secure (PKI encryption) environment for the
exchange of security-related information and can be interfaced
with any other IP-based security application, i.e. will be
compatible with the airborne component.
The potential of PKI goes beyond ASSIM and offers extra
possibilities for aviation security, and security in a wider sense.
Validation trials are on-going and initial results look promising. ❖

Use of the broadband spectrum

Secure email framework

ASSIM tool components
The two keys requirements for the management of in-flight
security incidents are:
• Real time availability of secured information of the situation
on board;
• Real time security information sharing, including the situation
on board.
Eurocontrol and NATO are involved in two pilot projects
addressing both requirements, in order to assess feasibility and
implementation options.
Airborne information acquisition In-flight security can be
enhanced by providing real-time encrypted information (voice,
data and video) from aircraft to the ground. The information
would provide the security authorities with much improved
situation awareness in the event of malicious interference with
an aircraft in flight.
Initial trials made by Eurocontrol using third-generation
mobile telephone technology gave a positive indication on
feasibility. Several requirements are currently under discussion
for possible inclusion in the definition of an airborne component
of an in-flight security incident-management system. They
include:
• The use of existing COTS products. With minimum
adaptation it should provide the essential elements to support
flight validation;
• The information should include voice, video and data (aircraft
parameters).
• The adoption of Internet Protocol for connectivity, ensuring
that applications designed for IP are compatible. These must
include digital voice, data transfers and video applications.
• Security must be introduced by the coding of data and by
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STANDARDS AND
SPECIFICATIONS
A major part of opening the European sky will be ensuring that all the correct standards
and specifications are in place
Andrea Lorelli and Paul Reid, European Telecommunications Standards Institute

In 2003 the European Parliament and Council approved
a set of four regulations comprising the Single European
Sky (SES) package and published it in the Official
Journal of European Union (OJEU) in March 2004. The
objectives of this regulatory initiative are to improve and
reinforce air safety, create additional capacity, increase the overall
efficiency of the European Air Traffic Management Network
(EATMN) and create a European market for ATM systems.
One of the four SES regulations published in March 2004 was
the Interoperability Regulation (Regulation EC 552/2004),
which gives standards a central role in achieving its objectives
and requires the production and adoption of a number of
European Standards (ENs) to be referenced in the OJEU as
Community Specifications.
In addition, since October 2005 certain types of aeronautical
equipment (such as ground-based ATM equipment) have been
subject to the Radio equipment and Telecommunications
Terminal Equipment (R&TTE) Directive (Directive 1999/5/EC).
Its purpose is to support a regulatory framework for placing on
the market, ensuring free movement and putting into service, a
wide range of radio and telecommunications terminal
equipment throughout the European Union. In practice the
Directive’s scope extends throughout the entire European
Economic Area (EEA). Implementation of the Directive is
supported by a class of ENs known as Harmonised Standards.
The European Telecommunications Standards Institute (ETSI)
has a leading role in the production of Harmonised Standards
under this Directive.
Three European Standards Organisations (ESOs) are
recognised by the European Union for the production of
European Standards – CEN, CENELEC and ETSI. Community

Figure 1: ETSI’s two-step approval procedure, typically used for a candidate Community Specification
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Specifications and Harmonised Standards are drafted in response
to requests (‘mandates’) from the European Commission.
The allocation of work done in connection with EATMN is
managed by the Air Traffic Management Standards Coordination
Group (ATMSCG), which acts as a joint advisory group of the
three standards bodies plus other organisations: Eurocontrol,
EUROCAE (the European Organisation for Civil Aviation
Equipment), EASA (the European Aviation Safety Agency) and
SJU (SESAR Joint Undertaking), together with the European
Commission and the European Free Trade Association.
ATMSCG’s purpose is to ensure compliance with the
interoperability regulation and coordination of the development
of community specifications for EATMN. An observer in the
Industry Consultation Body (ICB), ATMSCG provides a link
between the ESOs and the ATM stakeholders.
The first aeronautical standards were published by ETSI more
than eight years ago. Since then the aeronautical community
within ETSI has grown at a steady pace and now includes
members from the supply industry, manufacturers, ANSPs,
airports, aviation regulators and many others. In addition to this,
ETSI works in close partnership with EUROCAE and is actively
developing similar cooperation with other major players in the
aeronautical community.
For the past three years ETSI has been dealing with four
mandates from the European Commission related to the
Interoperability Regulation: Mandates M354, M390, M408 and
M438, all concerned with the production of European Standards
(to become Community Specifications) for interoperability of
EATMN, plus Mandate M405, related to the creation of
Harmonised Standards in support of the R&TTE directive for
ATM equipment.
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Figure 2: ETSI’s one-step approval procedure, typically used for updates to an existing Community Specification

Community Specifications

ETSI AS A GLOBAL STANDARDS PRODUCER

The concept of Community Specifications (CS) is one of the key
elements of the Interoperability Regulation. They are defined as:
• European Standards (ENs) for systems or constituents,
together with the relevant procedures, drawn up by the
European Standards Organisations in cooperation with
EUROCAE,
on a mandate from the EC under Directive 98/34/EC;
• Eurocontrol specifications on matters of operational
coordination between ANSPs.
Systems, procedures and constituents that meet CSs are
presumed to be compliant with mandatory rules (the Essential
Requirements and relevant Implementing Rules of the
Interoperability Regulation).
In a similar manner, Harmonised Standards provide a means
whereby manufacturers and suppliers of telecommunication and
radiocommunication equipment – including certain ATM
equipment – may declare compliance with the R&TTE Directive.
European member States are then required to presume
compliance of that equipment.
Being an EN, a CS will follow the ETSI’s public approval
process. This is a process that involves the National Standards
Organisations (NSOs) throughout Europe, who are expected to
consult their national industry and other interested parties
through a phase known as Public Enquiry. This therefore makes
the approval of the standard a very open process, where all
interested parties are able to contribute to the decision-making
process. (Companies and organisations that are ETSI members
are also free to directly participate in the drafting of the EN
through ETSI’s open standards-making process.)
The public approval process can adopt one of two different
structures: the Two-step Approval Procedure or the One-step
Approval Procedure.
The Two-step Approval Procedure (Figure 1) involves the NSOs
at two stages with any resolution actions being taken by the ETSI
Technical Committee responsible for the draft. The first NSO
involvement, the public enquiry, lasts 120 days. Comments
received are handled in resolution meetings organised by the ETSI
committee that drafted the document, with the aim of resolving

Founded in 1988, initially to serve European needs, ETSI has grown rapidly
to become highly respected as a producer of technical standards for
worldwide use. The home of the GSM mobile communications standards,
ETSI is now one of the world’s leading standards development organisations
for information and communications technologies.
ETSI’s membership is composed of manufacturers and network
operators plus national administrations, ministries, regulators, universities,
research groups, consultancies and user organisations – all the big-name
companies and many smaller ones as well. ETSI members comprise over
760 companies and organisations from more than 60 countries on five
continents around the world.
ETSI is independent of all other organisations and structures, a key
feature for ensuring neutrality and trustworthiness. That brings benefits
not only in the acceptance of standards and other publications, but also
in its growing range of ancillary services, such as interoperability testing.
As standardisation inevitably draws upon the bright ideas of the members,
there is also an intellectual property rights (IPR) policy in place that has
become the model for many other organisations.

any comments, suggestions and possible conflicts. The second
phase, NSO voting, is 60 days long. This procedure is typically
used for the first version of EN destined to become a CS.
In order to shorten the approval process, the alternative Onestep Approval Procedure (Figure 2) combines in one stage of
120 days the public enquiry and the NSO voting stages. This
procedure is generally used when the number of comments is
expected to be small – typically for an update to an existing EN.
Following adoption and publication of the EN, ETSI notifies
the European Commission which, if all the conditions are
fulfilled, will reference it as a CS in a listing in the OJEU.
When drafting the CS (Figure 3), existing material must be
evaluated in order to determine whether it provides information
that serves to cover the evidence to fulfil the applicable Essential
Requirements and relevant Implementing Rules of the
Interoperability Regulation. This means that strong cooperation
among all the relevant stakeholders is needed to be sure that the
CS uses the latest published releases of the relevant referenced
documents.

The concept of Community
Specifications is one of the key elements
of the Interoperability Regulation
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Figure 3: Community Specification
content, referencing and
compliance (CS – Community
Specification, IR – Implementing
Rules, ER – Essential Requirements)
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As the Interoperability Regulation explicitly indicates,
compliance with a CS is always voluntary. Certainly compliance
with a published CS creates a presumption of conformity with
the Essential Requirements and/or with the detailed
requirements of relevant Implementing Rules that will be clearly
identified within the CS. Nevertheless this conformity may be
achieved without a CS, where other appropriate means of
demonstrating conformity can be provided by ANSPs or
manufacturers within the industry.
ETSI’s work to date in the development of CSs has addressed
airport collaborative decision making (A-CDM), the advanced
surface movement guidance and control system (A-SMGCS,
Level 1 and 2) and datalink services (DLS). Other work under
the umbrella of the European Air Traffic Management Master
Plan recently endorsed by the Council of the European Union is
scheduled to begin shortly.

Open process, new committee
Evidently the creation of effective standards requires the widest
possible involvement in the standards-making task. To facilitate
this, ETSI has recently created an Aeronautical Technical
Committee (TC AERO), whose work will focus primarily on
supporting European initiatives in the ATM sector. The
committee brings together and extends the aeronautical work

that has been carried out in several different working areas of
ETSI up to now. The creation of this new Technical Committee
gives ETSI a much stronger identity within the aeronautical
sector and provides the aeronautical community with a more
specific forum with which to identify.
This committee will continue to deal with interoperability
aspects of the EATMN under the SES regulation. It will also
produce other technical standards and reports related to
interoperability in EATMN. It will liaise as necessary with other
standards organisations, including CEN and CENELEC, and
with relevant civil and military aeronautical organisations (such
as ICAO and NATO). Specifically the committee will work in
close cooperation with EUROCAE, as explicitly required by the
Interoperability Regulation, Eurocontrol and EASA. It will also
take into account the requirements of the International
Telecommunication Union (ITU) and the European Conference
of Posts & Telecommunications Administrations (CEPT) in the
production of standards, studies and reports for radio
communication, navigation and surveillance systems.
Participation in the Aeronautical Technical Committee, whose
first meeting took place in September, is open to all ETSI
members in accordance with the Institute’s rules: membership of
ETSI is open to all companies and organisations wishing to
participate in its work. ❖

The creation of this new Technical
Committee gives ETSI a much stronger
identity within the aeronautical sector
68

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010.

Airspace Management

Safety. Security. Solutions.
Ensuring the safety of our skies starts with integrated solutions, and the right partner to deliver them. At Raytheon,
we understand the broad range of challenges that are impacting the airspace management industry. We’re delivering
advanced solutions to meet these challenges head on, from start to finish, from takeoff to touchdown. So those who
monitor the skies can act with assurance to increase airspace capacity over our skies, and keep those skies safe.

www.raytheon.com
© 2009 Raytheon Company. All rights reserved.
“Customer Success Is Our Mission” is a registered trademark of Raytheon Company.

09NCS148_AM_AdHoc_Aug09.indd 1

8/12/09 9:31:02 AM

inspiringperformance
realisingpotential
reachingtargets
rewardingteams

Performance based project management
for the Air Trafﬁc Management industry.
t +44 (0)1202 246612 w www.projectboost.co.uk

MANAGEMENT AND STRATEGY

KEY TO THE OUTCOME
The key to successful project management combines the principles of integrity, honesty,
commitment, trust and respect to get the best out of people, benefiting individuals as well
as the organisations they work for
Richard Powell, Project Boost, UK

When creating a project plan, accurate and nonconstrained estimates are critical. There is little point in
overestimating to achieve an artificial impression of
success. By removing the fear associated with running over
estimated timescales, you can make a great move in the direction
of real success. The change in mindset to one of a positive,
blame-free environment is vital to allow accurate planning.
For example, if someone provides an estimate of five days and
takes six, this is actually better than estimating 10 days and
taking six. It’s all about accuracy of information, as four days of
wasted resources that could have been placed on other critical
activities is worse than one day of overspend.

Support from the top
There must be support from senior management as and when it
is required and this must be committed support with clear roles
and responsibilities. The project manager enables the project
team to carry out its job, just as senior management must enable
the project manager to do his/her job. If motivation and support
is felt through the entire chain of command it will breed success.
An environment where problems and risks are discussed at all
levels will enable a project that is not performing to get back on
track. Where these are not passed on, things can only get worse.

Excellent people skills
Project managers are the coaches supporting the people,
enabling the team to perform. A project manager must have the
ability to build an effective team, using people who could be
seen as average performers in a creative way to shine in the
project environment. The project team should be constructed
before the work starts, recognising the talent available and the
best position for the person. On larger projects a dedicated
planner and possibly risk manager will be required. These key
resources must be part of the project team, included with the
technical teams as equals.

Happy teams
Relationships are the glue in a project. A project manager must
also be able to build and nurture relationships in the team, to
motivate them and gain mutual respect. Getting to know the
people behind the job descriptions builds friendship, trust and
team spirit as well as creating a pleasant place to work. I am yet
to meet somebody who does not light up something in me
through their commitment to a cause, whether that is something
at work, at home or a leisure pursuit – we need to harness and
channel that passion and energy within the team.
When people are happy they work well and feel better about
themselves. If they have clear objectives, personal incentives,

feel part of something bigger than themselves and are
appreciated, they will work to meet the deadlines and help each
other to reach goals. We need to encourage friendship between
colleagues in today’s environment and allow people the space to
be themselves within the constraints of the workplace. People
remain friends and teams can go on and repeat their
achievements together.
People who have been my most difficult bottlenecks have
usually turned out to be my closest allies once the obstacle has
been removed and common ground with mutual respect is in
place. People love to talk, and making a point of speaking to your
team about their concerns and outside interests in an open way
will create magical results. Discussing, empathising and helping
each other is one of the great things we can do as human beings.
The feeling of being useful and the act of gratitude cannot be
underestimated. When things go wrong, exercise forgiveness. If
it occurs again, exercise forgiveness. Show people you are bigger
than the problem and the problem will not take over.

No underlying issues
When building successful teams and relationships, you need to
identify any issues, address and remove them. In international
project management, where cultures and country boundaries are
crossed, the attributes of human beings are fundamental in
creating a team willing to go the extra distance for each other
and make things happen. Distrust between cultures has always
been a part of life. If we want to succeed, then understanding
the differences between our counterparts, and the reasons for
them, is very important. Once these barriers are broken down,
and people can see the difference in attitude from a culture of
fear and blame to a culture of integrity with positive emotions, a
true international team can be created and success is guaranteed.

A blame-free culture
Mistakes can and will be made; the test of a people manager is in
the response to problems. Look at the issue and why it occurred,
and discuss it with the people involved – not in order to search
for a scapegoat, but to find a solution and move on together.
This may sound very simple yet it is often not practised in its
truest sense.
People often pretend to be at one with the team and not
blame anyone, but when the pressure from senior management
requests a name then they give in and ‘name and shame’. This is
the best time to take responsibility as the error was probably a
project risk that wasn’t identified in the first place. Corrective
action towards a team member who keeps letting the side down
is better done one-to-one and not relayed to others unless it
really is necessary.
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Everyone must move forward towards the project objectives
as a single unit made up of skilled individuals, much like any
sports team. The success of all projects is ensured if they are
implemented correctly with excellent people management, and
that means using the discipline and methodology as it was
meant within the boundaries of the particular domain.

Good communication
Communication is key, particularly with multidisciplined teams
in multiple locations, possibly in many countries. How we write
English in the UK is not the best approach to non-native English
speakers in other countries. We must learn to simplify our ideas,
get the message across and get feedback in other ways.
We must use technical experts where required to support
difficult concepts within an environment of trust and respect.
Only include the people needing the information and ensure
they are aware of your support as leader and that you have taken
responsibility of giving them the necessary information in a
manner they can understand and use. Again, removing issues
from your workforce while encouraging questions from
employees – no matter how basic they may seem – will help
create the required supportive environment for the team to
flourish and succeed.

No politics
Politics is a showstopper in many projects. If there is a political
agenda, sooner or later there is a winner and a loser. This may
be a key objective for organisations, but within a project itself it
should be discouraged. The individual’s ability to progress their
career will be greatly enhanced if they are successful as part of
the group and know without question that they will receive the
benefit of doing their job well. Project managers need to show
commitment to their team both as individuals and as the group,
recognising effort and rewarding teams even if the results were
not as they wished.

Keep key influencers happy
There is always a set of key people who dictate the progress of
the project. Project managers must protect these resources and
allow them to voice their ideas. They must identify mitigations
to the risk of losing one or several of these key people. What
makes them want to stay on your project? Who is part of the
team and who wants to be a hero? Project managers must
discuss and plan how to keep them on the most critical tasks
while removing any of the boring non-essential tasks. Many
times I have seen bottlenecks made worse by asking key people
to become involved in areas outside their concern and not part
of the project’s key objectives. Change management quite often
contains a number of these people and time is wasted making
them review every change, when in reality even the big changes
could be progressed a lot further before they are required to get
involved.

Staff retention
Cost optimisation is too often seen as a way of reducing the
workforce but keeping the volume of work. This can only work
in the short term as there is a risk of losing people who are very
good ‘value for money’ and missing targets. It is much better to
ask the team how it can become more efficient; this is the real
cost optimisation.

Flexibilty
If things are not working, project managers must look at what
needs to be changed and work out who the best person is to
assist in getting things back on track. There could be someone
outside the organisation or at a different level who could identify
a key solution. Thinking that they must be right or must look a
certain way in front of others should not bog down project
managers. The goal is to get the project completed successfully.
Short-term anxiety will be replaced by standing on the podium
with the team and celebrating success. ❖

Communication is key, particularly with
multidisciplined teams in multiple
locations, possibly in many countries
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EFFICIENCY INCREASE
With its Free Route Airspace project, the Lisbon FIR is taking a leap forward in efficiency
Jesus Conde and José Vermelhudo, NAV Portugal

After nearly 30 years of international coordination and
development, 23 April 1998 marked the achievement of
one of the most significant and challenging development
initiatives to improve the efficiency of the ECAC ATS route
network: the introduction of basic area navigation (B-RNAV).
The traffic growth experienced during the last decade,
together with the severe increase in en-route delays, forced
ANSPs to increase their airspace capacity by restructuring the
airspace with the creation of smaller traffic volumes. This tradeoff between operational management and flight efficiency has
resulted in current airspace sector design that does not facilitate
the most efficient point-to-point alignment of the ATS route.
Consequently the advantages expected from RNAV in the
early 1970s, with the design and implementation of a more
efficient ATS route network, relying on a complete RNAV
environment in the ECAC en-route airspace, has yet to be
accomplished due to ECAC continental airspace still being
confined to a fixed ground-based navigational aids structure,
resulting in the fixed ATS route network.
In consequence the ATS route network is still inefficient in its
management of potential airspace capacity and the satisfaction of
aircraft operators’ expectations in terms of greater operational
flexibility, punctuality and financial benefits. As a result IATA,
CANSO and Eurocontrol have presented the Flight Efficiency
Plan (FEP) initiative to cease this situation and enhance ECAC

Figure 1: Trajectory prediction
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airspace design and network management. This FEP initiative
has come at a time of a global economic difficulty that seriously
affects aircraft operators and other stakeholders.
NAV Portugal fully agrees with FEP and is completely aware
of future challenges in terms of traffic growth and flight
efficiency that will support the airline industry though these
difficult and unpredictable times. In response to FEP, and after
two years of multidisciplinary work, on 7 May 2009 NAV
Portugal finally implemented a full Free Route Airspace project
within the Lisbon FIR (FRAL project) above FL245.
The FRAL project will meet the requirements of international
air carriers for optimum routes, aligned with SESAR ATM target
concepts, reducing costs for aircraft operators and increasing
performance and efficiency. Excluding airframe and crew hours,
FRAL will, at the current rate for fuel and CO2 allowances, save
the airline industry over €6 million a year, from annual savings
of one million nautical miles, 7,500 tonnes of fuel and 23,600
tonnes of CO2.
This free-route initiative formalises the common practise in
Lisbon ACC of offering aircraft operators the shortest point-topoint route without penalising the operational management
(ATFCM) of the en-route sectorisation. The day-to-day
experience gained in the OPS room has engendered belief in the
potential of Lisbon FIR to eliminate the upper ATS route
network, accomplishing the three main action points of the
Flight Efficiency Plan mentioned above.
With the elimination of the route network, above FL245 there
will only remain waypoints/navaids, en-route sectors and
segregated airspace. Regarding the military airspace it is
necessary to recognise the excellent cooperation and close
relationship between NAV Portugal and the Portuguese Air
Force, which was part of the success of the project, as it will
positively affect aircraft operators in the improvement of the
airspace use, as established in action point two of the FEP.
Taking full advantage of the FRAL project, a huge effort was
made to improve the arrival/departure (STARs/SIDs) routes in
the three main Portuguese terminal areas – Lisbon, Porto and
Faro – in line with action point three of the FEP. After all these
changes due to the FRAL initiative, it can certainly be said that
the FRAL project has contributed to a great improvement in
Lisboa airspace design for both en-route and terminal areas and
its airspace use, with a direct improvement in flight efficiency,
capacity and emissions reduction.
NAV Portugal, under the umbrella of organisations including
Eurocontrol, CANSO and ICAO, actively participates in various
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Figure 2: Fix point avoidance trajectory

national and international programmes aiming to find improved
solutions, whether technical or operational, to better satisfy the
air transport system and its aircraft operators clients.
We hope that this FRAL project will encourage other States
and ANSPs to plan the introduction of full free-route airspace
projects in the short-medium term. From a European network
airspace design perspective, FRAL initiative should be made
known in the industry in order to encourage other States to
implement similar actions. Six of these actions are already ongoing on ECAC airspace.
These massive numbers of initiatives should, and hopefully
will, encourage the aeronautical community to respond
positively to the FEP. NAV Portugal has taken a first step forward
in this areas by opening up a new era for change to enhance
European en-route airspace design.
To enable the implementation of free-route airspace in the
Lisbon FIR, additional functionalities were developed in version
V6 of the LISATM (Lisbon Air Traffic Management System) in
four main areas:
• New flight strips layout;
• Flight leg at ODS (Operator Display System);
• Flight plan route change at ODS;
• N4D – new NAV 4D trajectory prediction.
These functionalities were developed on the LISATM-FDPS
and ODS, providing the controller with a set of tools that enable
each sector to efficiently manage the expected traffic capacity.
The main HMI functionalities are ‘Flight leg’, ‘Route change’
and ‘Direct to’, all of which are available directly through the
‘Track label’ function. This function uses an intuitive graphical
tool that gives controllers rapid access and enables a short
training time.
A snapshot of the ODS HMI can be seen in Figure 4, which
shows the ‘Route change’ example. As another example, the four
new main functions on Track Label are presented as
multisnapshots in Figure 5, for:
• Current FPL and route change;
• Filed FPL;
• ‘Direct to’ APP;
• Divergence. ❖

Figure 3: Entry FIR-Exit FIR direct trajectories

Figure 4: Example of ODS route change

Figure 5: Example of ODS track label functions
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ONE SKY FITS ALL
Clear thinking now about the people and management implications of the European Single
Sky initiative will ensure that it does not bring storm clouds
David Pyper, Hay Group, UK

Picture the skies over Europe in 2050. Above the clouds
aeroplanes are carrying passengers and cargo controlled
by one ATC operation that straddles state boundaries
and political divides. The European Single Sky initiative is up
and running. But will this technological revolution of the skies
have created a cloud of confusion or a clear route to new
practices in the future?
The aim of the European Single Sky is to move away from the
delays and bottlenecks that often occur as aircraft are passed
from one ATC organisation to the next. It is a move from
national boundaries and national ANSPs towards ATC airspace
divisions and organisational structures that meet the needs of
the travelling public and airlines.
Currently there are 29 ANSPs each with different ownership
structures – most are in a public ownership and some have been
privatised or part privatised. The changes in structure and
internationalisation will be difficult. ATC unions are powerful
and any threat to flights is a vote loser for governments. Salaries
are high and any changes that threaten that will be unwelcome.

Seven levers to move the world
Fundamental reform of the ATC system is a huge undertaking. If
it is to be a success the approach has to be clear. An initiative of
this kind is at risk of failing due to a miscalculation of approach
especially if the change is targeted solely at processes and
structures. Successful reform requires engagement from
everyone concerned, from
leaders and employees to
customers and
stakeholders – seizing the
hearts and minds and the
structures around them.
We have identified
seven ‘levers’ that can help
to engage people, achieve
real change and build a
more effective
organisation. When
combined with a clear
strategic vision they will,
like that of Archimedes,
supply the impulse that
moves the organisation to
where it needs to be.

1. Work processes
and systems
Technology is the driver
for this initiative and it
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will change the nature of the work that controllers carry out and
the processes they use to do that work. As a result, the changing
roles and responsibilities will almost certainly influence
recruitment and training processes.
There are numerous technological advances that will be
incremental but the emphasis will be on moving ATC from the
ground to the cockpit. This will affect the role of the controllers
and change will also be felt within engineering and other
technical support roles.
Increased interoperability will require reduced engineering
support, through shared resources, lower specialisation and
increased outsourcing opportunities with other ANSPs. This will
have a widespread impact on employment patterns for technical
maintenance staff and might involve movement of location,
country of residence or, if outsourced, movement from the
public to the private sector. Interoperability may also result in
efficiency gains in controller productivity as systems interfaces
become more efficient.
The lesson for successful change is that the technological
solutions should be very carefully balanced with the needs of the
people who will operate the system.

2. Organisation, team and role design
It may seem obvious, but a lot of organisations lose their way
during a period of change by failing to understand that they are
not set up to be effective in the future. Analysis of job roles,
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team design and organisational structure is extremely important
in order to determine how to best configure the organisation to
meet the demands of the strategy.
A joint CANSO-ETF conference on Functional Airspace
Blocks (FABs) has already identified that the challenges can only
be met and overcome by employees and employers working
together. Issues such as diverse national practices, legal liability
and language restrictions to mobility were cited. The lack of
common terms and conditions across Europe were also
recognised as barriers to change.
It is not good enough simply to focus on training staff so they
are equipped for the new systems that may be implemented in
the future. The airline industry itself is a good example, where
the way in which pilots work together is seen as an important
parallel to their actual flying skills.

3. Individual and team competence
Any reform requires a comprehensive audit of an organisation’s
current position and the employee talent it possesses. Only by
analysing the best and weakest performers at the individual and
team levels can you understand if you have the right talent or if
you need fresh blood.
What is certainly clear is that new systems may well need new
roles and people in them with different skills and capabilities.

4. Management processes
How do you manage the objectives of the Single Sky with the
performance of the people who will implement it? Managing
people effectively requires a number of processes, including
selection, development and succession, working in line with
each other. Set up properly, they can be used to regulate
behaviours and deliver the employees that an organisation will
need in the future. Similarly the key business planning and
control systems have to support the organisation’s strategy, as do
its performance measures.
Employed in unison, these various systems and processes can
harness and direct the employees’ discretionary effort,
encouraging them to go above and beyond the call of duty.

5. Reward and recognition
Reward is a major issue. It is an important way of underpinning
the behaviours, competencies and skills that the organisation
believes are important. Many organisations focus on developing
a ‘performance culture’ to underpin notions of profitability, cost
control and value. In ATM it is equally, if not more, important to
emphasise safety. Similarly reward needs to support the new
values, culture, working processes and skills that the ANSP is
trying to develop.
The potential mobility of staff across Europe will be a big issue
for the Single Sky initiative. Most countries currently employ
their own nationals at union-agreed national rates. But what will
happen if some qualified staff are happy to relocate to a different
country and accept a lower rate of pay than those already
working in that country because they will still be earning more
than they would at home?
Reward and recognition systems will have a key role to play in
generating a shift in behaviour. The Single Sky has to work
across old boundaries. If reward systems focus solely on
individual performance they will not send the right message
about the importance of teamwork.

6. Values and culture
Failure to take values and culture into account is often the
difference between success and disaster. Most organisations have
a strong culture and values that have developed over time. This
is particularly strong in ATM, especially in the operational areas
and most particularly with controllers. From the day they join,
they are trained in the importance of safety, the need to follow
only tried and tested procedures and to minimise risk constantly.
This is magnified at a personal level by possible suspension or
legal prosecution if they are involved in a safety-critical incident.
Strong culture needs to be addressed as part of any
communication as the evidence so far implies that controllers
may be a more cautious group of employees than normal.
You need to ask these questions: Are our values in line with
our strategic destination? How do we need to change our culture
to better fit the organisation we want to be?

7. Leadership
Leadership is central to any change but for the Single Sky to
work it has to be the focus. Leaders play a key role in engaging
those around them, by building and communicating their vision
for the future. If developed effectively their own behaviour will
show that they have bought into the organisational
transformation. They can then lead by example. Truly effective
senior people can rise above their position and become ‘system
leaders’, demonstrating best practice to their peers.
Experience of other industries can often link successful
change in organisations with particular leaders or leadership
teams. One of the key drivers from the experience of the steel
industry was the acceptance by union leaders that if the industry
was to prosper in Europe and provide sustainable jobs for the
maximum number of people in the long term, then the
restructuring had to be radical to ensure that what was left was
robust and viable.

Conclusion
The question that needs to be uppermost in the mind of
everyone involved in creating a Single Sky in Europe is “What
will it look like in the end?” Politicians and state authorities will
want to know where control lies, the travelling public will need
to be reassured about safety, and airlines pushing for economic
change will want to know that their costs will be reduced.
There is a great opportunity to organise European airspace
based on traffic flow needs, to improve public attitudes to
aviation safety, to use interoperability to improve efficiency and
to build new and interesting career opportunities. There are also
organisational initiatives possible that would result in linking
charges to cost and driving down charges while not
compromising – or indeed improving – safety. Finally there is
the opportunity to look at technology and people together. This
gives the chance to maximise the use of modern technology to
minimise the effect on people.
Using the seven levers we have outlined in this article can
help guide this change, provided they are applied alongside a
clear strategic vision that identifies their destination and
understands what the future will look like.
Given that around 70 percent of change initiatives usually fail,
and bearing in mind the massive cost of failure, those behind the
European Single Sky initiative need to ensure they have taken all
these areas into account. Ignore them at your peril. ❖
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OFFSHORE APPROACHES
A new approach procedure combining RNAV with satellite-based guidance is being
pioneered to improve helicopter approaches to North Sea oil rigs
Steve Leighton, Helios, UK

Offshore oil and gas fields were first commercially
exploited in the North Sea in the early 1970s. Efficient
production has been, and continues to be, underpinned
by regular and reliable helicopter operations enabling the
movement of staff and equipment to and from the shore.
However the North Sea production environment is challenging
for helicopter operations from many perspectives, not least its
remoteness from the shore, the exacting weather conditions and
the changeable nature of rigs. In the UK sector there have been
nine fatal accidents since 1976, with the loss of 110 lives. While
this safety performance is considerably better than in other
offshore production areas there is a strong desire to reduce the
risk to passengers and crew still further.
Today there are more than 300 helidecks in the UK sector
alone being serviced by regular flights. The approach to a deck
and low altitude shuttling between decks are critical phases of
flight. However approach options in instrument meteorological
conditions (IMC) are limited to using the aircraft’s weather radar
to identify the rig. This is neither designed nor certified for the
task and following a UK Civil Aviation Authority (CAA) review,
the need for an accurate and reliable instrument approach aid
for conducting offshore approaches has been highlighted. In the
past few years, with support from the UK CAA, many North Sea
operators and the GNSS Supervisory Authority, Helios has
sought to develop a new approach procedure based on area
navigation (RNAV) capability. In particular the use of satellitebased augmentation system (SBAS) guidance, from the EGNOS
system is being pioneered to provide an accurate, flexible and
safe all-weather approach capability.

The North Sea environment
The North Sea – particularly at the latitudes of the oil fields –
can be an inhospitable environment. A helicopter operating to
the rigs is exposed to the full wrath of the weather. During

winter, lightning strikes to helicopters are common. There is hail
and sleet to contend with along with icing conditions at typical
operating flight levels. Furthermore the helipads can be located
hundreds of feet above sea level, meaning that the pads can be
obscured by both fog and low cloud.
Even without the weather there are still many factors for the
flight crew to contend with that are of particular significance
once operating in IMC on an instrument approach. While many
oil platforms are fixed in their location, a number of rigs are
moveable and can be relocated at short notice. Some platforms
are semi-submersible – tethered to the sea bed, but still free to
heave on a heavy swell. Rigs often have moving cranes, gantries
and chimneys that are used in ‘flaring’. Perhaps most hazardous
for a crew on an instrument approach are moving obstacles, and
it is not unknown for supply vessels to arrive at the rig while the
aircraft is on approach. As many of these ships are relatively
large, their superstructure could easily impinge on the planned
flight path.
Despite all these factors the vast majority of approaches are
conducted successfully – even those in IMC at night. This is
testimony to the skill and training of the flight crews.

A new approach
The current instrument approach procedures to North Sea oil
rigs use the aircraft’s weather radar. These approaches are known
as airborne radar approaches (ARA). The helicopter initially
navigates to the proximity of the rig, identifies it using the
weather radar display, and flies towards it while descending on
the altimeter. When closing on the rig the crew will level off and
adopt an offset heading to guide them abeam the rig while
maintaining radar contact. If by the closest point on this
approach (typically 0.75NM) the crew have not achieved visual
contact with the rig they will instigate a banking, climbing
missed approach. In addition to being used for navigation the

Today there are more than 300 helidecks
in the UK sector alone being served
by regular flights
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weather radar is used continually to look for other mobile
obstacles in the final approach.
The ARA is not ideal, depending as it does on the weather
radar. An ideal offshore approach procedure would have a
number of new features:
• It would enable a straight-in approach to a point offset from
the rig. This would enable an optimal straight-ahead climb for
the missed approach without bringing the aircraft into conflict
with the platform superstructure. The approach should also
bring the helicopter close enough to the platform to enable
visual identification while being far enough away to allow final
speed and height adjustments.
• A positive element of the current ARA is that it provides the
crew with the ability to choose their approach heading. This
flexibility should not be lost as it allows the crew to optimise
their approach, taking into account wind direction while
maintaining clearance from moving obstacles or superstructure.
• A new approach procedure should be able to provide guidance
to the aircraft autopilot. This will help reduce overall cockpit
workload during the critical approach phase and allow the crew
to focus on just monitoring the guidance while undertaking
other tasks. Ideally the procedure should also provide guidance

for the descent that will encompass a stable angle, typically 4-6°.
• The potential for mobile obstacles will remain a reality of
North Sea operations. Therefore a new procedure will still need
to provide the crew with the ability to ensure that the path
ahead of them remains clear of obstacles. It is likely therefore
that the need will remain for the use of the weather radar but its
role could be limited to acting as a safety net.

Development of the SOAP
Helios, together with the UK CAA and the North Sea operators,
has been investigating the feasibility of using an RNAV approach
to meet the requirements of the ideal offshore procedure. Across
a number of projects a new offshore oil rig approach procedure
was designed that used RNAV guidance sourced from EGNOS to
address the recognised shortcomings of the ARA. The result of
this work is the SBAS Offshore Approach Procedure (SOAP).
A SOAP approach is an RNAV guided procedure delivering
accurate lateral and vertical guidance. It is divided into four
segments:
• The arrival segment is used for the helicopter to descend to
the minimum safe altitude of 1500ft.
• Once the helicopter reaches an Initial Approach Fix (IAF) it
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enters the initial approach segment, in which it aligns itself on
the final approach heading and decelerates to the final approach
speed between 60kts and 80kts, depending on the environment
and the capabilities of the helicopter. During this time the crew
use the weather radar to check the final and missed approach
areas to verify that they are clear of radar returns.
• On reaching a Final Approach Fix (FAF) the helicopter enters
the final approach segment and begins its descent to the
Minimum Descent Height (MDH), defined as the height of the
rig’s helideck plus 50ft, with a minimum value of 200ft in
daylight and 300ft at night. The descent angle can vary
depending on the speed at which the helicopter’s final approach
is made. Once the helicopter reaches the MDH it flies a level
segment during which the pilot and co-pilot attempt to acquire
visual contact with the rig.
• If visual contact is not made, the helicopter will reach the
Missed Approach Point (MAP) and enter the missed approach
segment simply by climbing straight ahead at the steepest safe
angle. If contact is then made, the crew manually fly the
helicopter to land on the deck.
Throughout the procedure lateral guidance is provided by
EGNOS. Vertical guidance during the arrival and initial
approach segments is provided by the helicopter’s baro-altimeter
and by EGNOS backed up by the radar altimeter during the
final approach segment. EGNOS provides accuracy and integrity
sufficient to enable guided vertical descent procedures and its
ability to contain the gross navigation system errors could also
permit closer approaches to the rigs to remove the necessity for
a climbing, turning missed approach procedure. EGNOS could
also maintain cost effectiveness as it requires no ground
infrastructure on rigs.
Removal of the traditional approach procedures using radar
equipment not intended for the task, together with the ability to
couple the EGNOS guidance the auto-pilot to aid workload,
could all help to improve safety levels and perhaps even
operating minima in the future.
However the use of EGNOS still presents certain challenges.
The majority of platforms are in the latitude range of 58°N to
63°N, where the EGNOS geostationary satellites are at a low
elevation angle (20-25°) and appear clustered in the sky to the
south. This factor, coupled with the often sub-optimal GPS
antenna installations common on rotorcraft, result in a major
challenge to the successful application of EGNOS in this
environment.

To date this has involved flight simulations, safety assessments
and flight trials.
A set of simulation trials were carried out to determine the
optimum values of certain parameters in the procedure
description and evaluate its overall flyability. These trials were
carried out in the Eurocopter SPHERE facility in Marignane,
France. The pilots involved included representatives of various
offshore operators and the UK CAA. The SOAP procedure was
flown in the simulator to examine its overall flyability and to
help in the selection of critical parameters such as descent slope,
closest distance of approach and final horizontal and vertical
airspeeds. These were tested against different wind directions
and speeds, and in various visual conditions.
The primary results from the simulation trials showed that the
final visual approach and deceleration towards the rig is the
most critical of the procedure and must be at least 0.75NM for a
final groundspeed of 80kts. It was agreed that a glideslope of 6°
was too steep at a groundspeed of 80kts and that at this speed 4°
should be the maximum. Overall the trials were deemed to be
successful and of sufficient quality to be used to finalise the
approach procedure as described above.
Following the simulations flight trials were also undertaken to
ascertain the practical impact of EGNOS performance on
revenue service helicopters at high northerly latitudes. The trial
platform was a Eurocopter AS.332L Super Puma operated by
CHC Scotia helicopters out of Aberdeen and was a typical
aircraft in the North Sea environment. The flight trials
demonstrated that in certain situations the orientation of the
helicopter could cause loss of EGNOS satellites. Hence there is a
need during implementation to address aircraft antenna
characteristics.

Moving forward

Validating the SOAP

The activities to date have been focused on developing the SOAP
concept as a means to provide safe, efficient approaches to
offshore platforms. However there is now a need to move
forward towards the implementation of SOAP capability in
aircraft. Under the auspices of the GSA seventh framework
programme ‘Helicopters deploy GNSS in Europe’ (HEDGE)
there are activities under way to prototype avionics such that
demonstration SOAP approaches can be flown to offshore
platforms. HEDGE aims to fly experimental avionics on a
revenue service helicopter by the summer of 2010. The flight
trials will be used to familiarise flight crew with the procedure
and to demonstrate the functionality to manufacturers to aid
uptake of the concept. ❖

Due to the novel nature of the SOAP it has been necessary to
undertake a significant development and validation programme.

The author may be contacted at steve.leighton@askhelios.com

There is now a need to move forward
towards the implementation of SOAP
capability in aircraft
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THIS OR THAT?
Calculating runway visibility range is straightforward, but there is still debate about the best
instrument to measure visibility
Ian Clark, Aeronautical & General Instruments, UK

Up to the mid-1990s there was only one way to measure
visibility, using a transmissometer. This situation
changed when the FAA published the results of a trial
comparing forward-scatter meters with transmissometers. The
results were published in 1997 and since then there have been
other studies that broadly match the FAA results. In short the
FAA and other studies have proved that forward-scatter sensors
offer a similar performance to transmissometers but there are
marked differences.
Horizontal visibility through the atmosphere is determined by
the presence of particles that cause light to be scattered. For
light in the visible and near visible part of the spectrum,
scattering occurs by suspended particles such as fog droplets,
dust and smoke particles. It also occurs with raindrops, drizzle
droplets, snowflakes and hailstones.
Scientifically these effects are quantified and the term
extinction coefficient (EXCO) is given to the measurement of
visibility. As one might assume, EXCO will be low on clear days
but high when there is dust or high amounts of moisture
present. Without going into the theory, another measure of
visibility is called the meteorological optical range (MOR) and it
is a direct function of EXCO.
Scientists and the World Meteorological Organisation (WMO)
produced a mathematical formula to calculate MOR from
measured visibility. The two methods of measuring visibility use
either a transmissometer or a forward-scatter meter.
A transmissometer (TMX) measures the transmission of a
reference light beam and compares it with a beam of light that

Figure 1: Transmissometer outline
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has travelled a specific distance through the air, where it will be
attenuated due to the particles scattering the light. By knowing
the distance the light transmitter and the light receiver are apart
and measuring the attenuated light with a photodiode, the
resultant measurement is called the total extinction coefficient.
Transmissometer measurement distances vary from 20m to 75m.
Forward-scatter instruments (FSI) measure the light scattered
by the suspended particles at angles less than 90 degrees passing
through its sample volume. The sample volume is defined by the

SURVEILLANCE

Transmitter

Receiver

Top view of the sensor head

Figure 2: Forward scatter instrument layout

intersection of the transmitted beam of light and the ray cone,
which defines the field of view as shown in Figure 2.
As shown in Figure 1, a transmissometer basically consists of
a light source, the transmitter and a receiving photodiode,
separated by a distance. Manufacturing is not complicated but
there are issues, particularly the cleanliness of the optics to
ensure that the receiver and the transmitter are always operating
efficiently. It is critical that the windows are kept clean or that
there is an electro-optical system to detect dirty optics and
compensate for this at the receiver.
Compare this with Figure 2, where many factors in the
construction of an FSI affect its performance. The FAA
discovered that the critical dimensions were transmitter beam
geometry, receiver beam geometry and the average scattering
angle. In addition electronic factors were the transmitter light
intensity and the receiver gain.
Variations in these parameters affected the output of the FSI.
On this basis the FAA concluded that the only way to prove FSIs
were to compare them with known TMXs. These tests were
carried out by the FAA and it proved that in all weather
conditions a TMX and a number of FSI systems produced
comparable results.

Runway visibility
Runway visibility is one of the key parameters that a pilot
requires before landing an aircraft. The RVR definition from

ICAO is: “RVR is the range over which the pilot of an aircraft on
the centre line of a runway can see the runway surface markings
or the lights delineating the runway or identifying its centre line.”
At the eighth air navigation conference held in Montreal in
1974 this definition was modified to read: “RVR cannot be
measured directly on the runway an RVR observation should be
the best possible assessment of the range over which the pilot of
an aircraft on the centre line of a runway can see the runway
surface markings or the lights delineating the runway or
identifying its centre line.” The key phrase is “the best possible
assessment”.
To provide a runway visibility reading, two methods are used:
• A human observer who determines runway visibility by
observing the runway lights;
• An automatic measurement using either a TMX or FSI.
Before automation, RVR was determined by a human
observer. The job entails standing on a platform adjacent to the
runway touch-down zone and counting the number of opposite
side runway edge lights visible from the observation point. As
air traffic has dramatically increased over the past 20 years and
radar technology has enabled take off and landings in almost
zero visibility, human observers – for safety and air traffic
volume reasons – are now unable to conduct this task.
Automated RVR measurements using a computer need two
other parameters – the brightness of the runway lights and the
ambient light. The runway lighting value is a measure of the
current taken by the runway lights. The settings are at one percent,
three percent, 10 percent, 30 percent and 100 percent. The
background luminance is measured using a photodiode viewing
a portion of the northern sky in order to determine the ambient
light level.
Each of these parameters has an associated error. Respected
meteorologist Dr Alan Hisscott has investigated the use of FSIs
and carried out a number of trials in the early 1990s on the Isle
of Man. He has written and presented a number of papers to the
Royal Meteorological Society concentrating on the scientific
comparison of TMX and FSI performance. From his trial results
he has quantified the errors in each of the RVR parameters.
The luminance parameter is certainly influenced by the
ambient airport environment. From a trial of FSIs in 2001
Hisscott noticed a difference in luminance values between two
identical background luminance monitors (BLM) in different
parts of the airport. With no change in airport visibility he
deduced that the difference in the two sensors was caused by the
runway lighting.

A transmissometer basically consists of
a light source, the transmitter and a
receiving photodiode
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Figure 3: Runway lights at dusk

Figure 4: Box plots of data gathered in fog

It is evident that taking five values for the runway illumination
must introduce errors into the RVR assessment and Hisscott and
others estimate that the runway lighting value could be in error
by 50 percent due to lamp ageing and contamination. His
assessments on the scale of the errors were that runway light
intensity contributed 10 percent and the BLMs six percent.
A further issue that affects TMX and FSI systems is the build
up of contamination on outside glass window surfaces of the
sensor and light transmitter housings. Most TMX and FSI RVR
systems have additional sensors and software to detect window
contamination, which is used to provide an automatic
correction. In this way contamination can be managed but it is a
factor that will be different with each installation and airport.
Trials by the FAA and other recent trials by AGI and the
German Meteorological Service have shown that the major
difference between TMXs and FSIs is the detection of transitory
or inhomogeneous fog. This outweighs all other the differences
between a TMX and FSI in measuring visibility.

AGI FSI RVR system. The AGIVIS 2000 has been in operation
for over 20 years and has proved its accuracy and reliability in
benchmark trials and operational use. The trial data was
analysed by Hisscott as well as other mathematicians.
Hisscott’s analysis of the data captured during periods of fog
is: “The difference between the complete set of values and those
set out in Figure 4 suggests that the apparent increase in the FSI
MOR in the region 1,000-1,500m, arises from the instruments
having a different response to transient conditions. MORs in this
range often corresponds to transition visibilities during fog
formation and dispersal. The difference between the AGIVIS
2000 and the FSI system is probably fundamental to their
design. The volume of atmosphere sampled by a
transmissometer (say 10m beam length x 0.05m2 cross-section =
500 litres) whereas the FSI sample volume is usually around
three litres. Also the geometry of the sample volume is very
different. During the formation/dispersal process of fog there are
large spatial variations in droplet density over small ranges. The
TMX beam has a higher probability of capturing one or more
wisps of inhomogeneous fog during a measuring interval than
the smaller sample volume of an FSI. However it is likely that
during such transient conditions neither instrument can

Comparative tests
To prove an FSI (the Biral VPF 730) AGI carried out a trial at
Birmingham Airport between an AGIVIS 2000 system and an

PARAMETER

TMX

FSI

Base mounting

Solid concrete foundation

Simple fix in soil

Number of sensors to calculate the required visibility

Two to cover the range 10m to 10km

One

Calibration

Only in clear visibility

Any time with the calibration plate

Window contamination detection

Critical components to ensure accuracy

Not as sensitive to window contamination
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measure an MOR sample that is truly representative of
conditions along a runway.
“The most important part of the RVR range for Cat I
operational decisions is around 400-800m and the average
median ratio in this range is 0.83, i.e. the FSI reports MOR
around 17 percent less than the TMX in this range. Although it
is possible to modify the calibration of FSMs to match the
median of the TMX, my view is that at this stage of adopting FSI
technology it is probably better to retain the ‘safe’ bias where
around 75 percent of the FSI MOR measurements are equal to or
less than the equivalent TMX MOR.”
Hisscott’s conclusions were as follows:
• The median difference in MOR between the TMX and the Biral
sensor was -13 percent.
• This is consistent with the other errors in IRVR calculations.
• The type of sensor used to measure the MOR does not
contribute a more significant error than the overall error arising
from the other parameters.

Summary
It is the transitory nature of fog, particularly during formation
and dispersal, that causes the major differences in output
between a TMX and an FSI. In Europe and some other countries
FSIs are only used in small regional and Cat 1 airports. The data

when fog is well formed and thick is very comparable.
Furthermore, this was also proved in the DWD trial as set out in
its paper by Stefan Waas:
“In general measurements of TMXs and FSIs match very well
in homogeneous conditions, especially at visibilities below
1000m. During inhomogeneous visibility even TMXs can differ
very strongly in direct comparison with each other.”
The advantage that FSIs have over TMXs is their price and
simplicity. The other differences are shown in the Table below left.
The other concern over FSI sensors is the repeatability or
consistency between sensors. As the FAA trial found, it is critical
that FSI sensor dimensions remain consistent from sensor to
sensor. This is mainly dependant on the quality and design of
the sensor. ❖
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CLEAR VIEW
Intention-based tower control for unambiguous guidance in A-SMGCS
Natalie Hammerich, ATRiCS, Germany

Talking with participants on the first day of
Eurocontrol’s yearly Advanced-Surface Movement
Guidance and Control Systems (A-SMGCS) workshop
in Luxembourg revealed that even today to many people
A-SMGCS equals ‘surveillance’. This is neither technically correct
nor does it reflect the enormous benefit the guidance function of
an A-SMGCS can provide for airports in coping with increasing
demands in safety, operational and economic targets. This article
illustrates these benefits, which are currently examined in an
A-SMGCS cluster project by means of simulation and field trials.

A-SMGCS foundations
According to the ICAO Manual on A-SMGCS (2004) the system
shall comprise several levels with surveillance being the start.
The requirements for the different levels, involving surveillance,
control, routeing, guidance and planning, however, become less
tangible the higher the level. No wonder the functions of higher
level A-SMGCS have been growing at a slower pace. In
particular the ultimate goal of maintaining throughput on a high
level in adverse visibility conditions has still not been achieved.
To substantially speed up the process of higher-level
A-SMGCS procedures and systems, German top aviation players
including DFS, Fraport, DLR, ADB, ATRiCS, Diehl Aerospace,
Jeppesen, iAD and others
joined forces in 2007 to
form the A-SMGCS
cluster in the project
Competitive Airport
(WFF) in the framework
of the German National
Aeronautics and Aviation
Research programme IV,
funded by the German
Government.
The central A-SMGCS
project goal is individual
traffic guidance by means
of dynamic airfield
ground lighting (AGL),
complemented by
graphical onboard display.
But why the focus on AGL
guidance? When asked
about their favourite
airports, most pilots say
they love London
Heathrow where, thanks
to a considerable number
ATRiCS SMAN Operational Systems Environment
of lighting panel
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controllers, aircraft can taxi simply ‘following the greens’ on
indicated routes to their final destination. Even under good
visibility conditions such guidance is perceived as a helpful
support at airports with a complex layout.
It goes without saying that few airports can afford additional
human resources solely for the control of AGL. But without
additional staff such individual visual guidance would massively
increase controller workload. The obvious challenge is to
examine the technological possibilities of individual traffic
guidance without increasing controller workload. To this end the
partners further developed and combined their existing
technologies into new functions. In contrast to other research
projects, the goal therefore is not going from validation
development to a recommendations document, but to the
validated integration system results, combining today’s
technology with the latest R&D.
‘Complex flows may require an A-SMGCS to function as a
surface management system’ (ICAO A-SMGCS Manual
3.4.3.15). In accordance with this recommendation ATRiCS’
Surface Manager (SMAN) represents the brain of an A-SMGCS.
The SMAN builds on the given traffic situation (surveillance
data), detects conflicts and conformance failures (control) and
enables the controller to express his/her intentions in terms of

SURVEILLANCE
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ATRiCS SMAN HMI – Give Way To advisory

ATRiCS SMAN HMI – Routeing Function

routeing and traffic advisories over an HMI. This SMAN
translates the intentions into the corresponding route segments,
switching dynamically respective AGL elements with a graphical
route representation on a moving map. As a result of this
translation, the SMAN supports the controller while the work
environment stays fully human-centred, just offering the
possibility of assigning those tasks to the SMAN that are not
directly initiated by the controller.
Controllers are constantly preplanning during their work and
are usually a few steps ahead of the current traffic situation. The

intention-based SMAN HMI used in the project enables
controllers to input their intentions in advance, thereby
reflecting their way of thinking.
The lighting infrastructure can now be used more effectively
without adding to the controller workload. The controller’s
intention of a designated route is dynamically translated into
released route segments for the individual aircraft. AGL and
onboard display provide unambiguous visual guidance
information to the pilots. The combination of ADB’s powerful
lighting control platform, fast communication systems for

Runway Exit Guidance to reduce runway occupancy times
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Simulation trials at DLR’s tower simulator (Braunschweig)

Pilots testing new guidance concepts in DLR’s generic cockpit simulator (Braunschweig)

individual lighting control and state-of-the-art innovative LED
lighting technology enables such dynamic guidance and visual
alerting to function at any airport in the world.

later stage. Pilots confirmed that the tested visual aids supported
them in avoiding potentially hazardous situations.
The next validation step is operational field trials, which will
be conducted at Frankfurt Airport in October. An integrated
system solution will be in operation during night shifts in a
dedicated taxiway-runway test area. Test equipment will
comprise the ATRiCS SMAN system, airfield lighting and control
system from ADB, with individual lamp control via powerline
communication, and onboard displays with ground-to-onboard
communication for guidance and aeronautical information from
Diehl Aerospace and Jeppesen. An Airbus A320 provided by
partner DLR and test buses from Darmstadt University and
Jeppesen will carry the onboard display technology and will be
dynamically guided by the combined partner systems. ❖

User feedback
An important phase in the project was two weeks of extensive
trials at the German Aerospace Centre (DLR) in Braunschweig in
December 2008, where professional controllers and pilots tested
the new concepts. The simulation runs were based on high
traffic volumes of Frankfurt Airport. Guidance by means of AGL
and onboard displays was tested simultaneously.
Controllers and pilots alike approved of the new combination.
The controllers appreciated the flexibility of the SMAN routeing
function, which left them able to update an assigned route at a

Field trials will be conducted at Frankfurt airport in October 2009
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AUTOMATED ROUTING AND GUIDANCE FOR A-SMGCS

Low Cost Ground Surveillance

Runway Incursion Prevention

Conformance Monitoring

Follow the Greens

Discover the brain of A-SMGCS
ATRiCS GmbH & Co. KG
Am Flughafen 7
D-79108 Freiburg Airport
Germany

Tel +49 761 5918 680
Fax +49 761 5918 689
info@atrics.com
www.atrics.com

By the time he has to replace this light, his son will be graduating from college.
Install LED taxiway centerline lights once and they’ll last for about two decades. That’s 100,000 hours under
normal operating conditions – or 56,000 hours at full power. That means fewer failures and less maintenance
over an extremely long service life. And it also means more safety and more cost savings.
Plus LEDs from ADB offer a unique advantage: they can be easily integrated in existing series circuits –
for all categories CATI, II & III.
ADB Airport Technology – for your every need
www.adb-air.com
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IN SUPPORT OF RNP
The evolution from aeronautical information services to aeronautical information
management is no longer a vision of the future, but a current challenge
Marc Chiesa, Stéphane David and Rémy Durand, CGx AERO in SYS, France
Required navigation performance (RNP) is a navigation
technique that refers to area navigation (RNAV), which
allows aircraft to fly precisely along a predefined route,
an instrument approach procedure, or in a designated airspace
using state-of-the-art onboard navigation systems and global
positioning system (GPS). RNP differs from RNAV by the
additional requirement of an onboard performance monitoring
and alerting function.
RNP improves the efficiency, capacity and environmental
performance of the global air transportation system and is part
of the performance-based navigation (PBN) that ICAO has
announced for implementation worldwide. Published by ICAO
in November 2008, the PBN Manual has really brought PANS-OPS
(Procedure for Air Navigation Services - Aircraft Operations)
forward under the spotlight, for the procedure design itself and
for the training of designers and the validation of design tools.

Instrument approach chart for RNP SAAAR on Lijiang (China) with GéoTITAN and
AIP-GIS charting
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In the context of global ATM, the concepts developed in the
PBN Manual really put forward the long-sought goals of
continuity, consistency and integrity between the survey of
aeronautical and geographical data, the drawing board of the
procedure designer, the cartographer, the coding, avionics, the
flight crew, ATC, the airport, airline operations, and the control
and regulation authorities. Indeed the challenge that this new
regulation is taking up resides in reconciliation between all the
ground and onboard segments, by safeguarding the clearing of
each step with clear understanding and consideration for the
upstream or downstream segments.
Now let’s come back to the benefits brought by PBN and more
specifically by the implementation of RNP. It is now known and
acknowledged that the applications of RNP allow many
important gains. The increasing number of published
procedures following the RNP concepts easily proves this, for
example by demonstrating how to cope with challenging
situations (such as mountainous areas) thanks to improved
accuracy and flexibility.
The repeatability of the trajectories (always on the same line)
solves environment issues by limiting the dispersion and by
selecting the most efficient trajectory. With fewer constraints
when choosing solutions, designers can draw their trajectories
practically anywhere they want, as long as they are compliant
with the obstacle environment and with the flyability
requirements (aircraft and GPS performance issues). In addition
navigation as per RNAV and RNP is independent from
conventional ground navigational aids, and this fact alone gives
much freedom in the design of procedures. This freedom
permits the design of shorter trajectories, with a key result of
environmental and economic benefits. This adaptability and
capacity to solve several intertwined problems is unique.
Moreover by reducing the weather minima and improving the
required visibility during approach, weather-related disruptions
may be avoided.
Restrictions linked to ground-based facilities (such as terrainmasking effects, range limitation, jamming effects, difficult and
costly installations) used to make some aerodromes almost
unreachable. However RNP, thanks to its smaller protection
areas (the positioning of the aircraft is more accurate, as
dispersion is smaller), open new possibilities and prompts
airlines and airports to operate within sustainability criteria
(CDA, shorter trajectories).
RNP AR (authorisation required) supports the development of
even more efficient procedures. Even though some limitation
still remains, thanks to this formidable toolkit the PANS-OPS
criteria are no longer the constraining factor. The focus of this
solution is now on the capability of the aircraft and the training
of crew members, not forgetting their corollaries such as safety
studies (FOSA – Flight Operations Safety Assessment) and the
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Lijiang within Google Earth thanks to Ai-Sky data

necessity to familiarise and train ATC personnel in RNP
operations.
Aircraft equipment and the costs of training the crews are not
high compared with the gain of being able to access some
aerodromes, operational benefits (minima, payload, fuel
consumption) and sustainability criteria. Therefore, PBN gives
an adapted answer to each step to converge toward a solution.
The new key point, which indeed proceeds from ATM as a
whole, is that the needs of each one is taken into account,
supported by the procedure design process, which now goes
with the whole process. ATC and data from Aeronautical
Information Services (AIS) both define upstream constraints to
reach the conceptual design.
Eventually the procedure will be coded and flown strictly,
contrary to other procedures for which the coding can be

interpreted differently from what the designer originally had in
mind. Taking RNP-AR procedures as an example, departure with
engine failures are directly coded, when in other procedures the
performance engineers from the airlines have to create these
elements, which are not considered official procedures
undergoing the normal design and validation process.
Henceforth every procedure will go through the same process
as departure procedures, with an important implication for
performance engineers. These procedures can also be adapted to
the specific needs of the airline that will use them. The
performance aspect will from now on be much more confirmed
in the world of procedure design.
We can highlight the possible evolutions that will come from
the benefits of RNP AR with vertical guidance other than
barometric. Initially RNP/RNP-AR procedures were developed

RNP improves the efficiency, capacity
and environmental performance of the
global air transportation system
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Study on Kathmandu by GéoTITAN and AIP-GIS charting

considering the difficulty of access, but it was soon realised that
it could be beneficial to environmental issues or in solving
problems linked to overcrowded airspace. Some even think
about these kind of procedures for the exploitation of parallel
runways. With RNP-AR the final part can be a curve, with a
minimal straight segment just before landing. It is thus possible
to reduce the trajectories and/or to use up less airspace
(avoidance of an obstacle on final approach for instance).
Reviewing all the elements exposed here, at the crossroads of
all these paths, ENAC (the French Civil Aviation Academy in
Toulouse), CGx AERO in SYS and Airbus (through Quovadis, its
new 100 percent subsidiary), have been building a complete
new offer of services since 2006. CGx AERO in SYS and ENAC,
with their knowledge of the constraints and benefits linked to
PBN, gained from their participation in ICAO working groups,
committed to implementing PBN concepts in their range of
expert tools. The goal is to support the activity of the various
operators in the respect of the constraints (accuracy, integrity,
continuity and availability).
Therefore CGx AERO in SYS (specialist in aeronautical and
geographical information systems and IT software editor and
integrator) and ENAC (with a long tradition of training
international ATCOs and procedures designers, and also in
developing procedure design expert systems) have brought their
expertise and know-how to the development of expert software
tools to support the different steps:
• Extraction, transformation and loading (ETL) of aeronautical
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and geographical data and 3D visualisation, with the Ai-Sky
Data solution;
• Procedure design with GéoTITAN. The introduction of PBN
on the latest version of GéoTITAN (version 3.0 released in July
2009) materialise in concrete terms the power of this expert
tool. When working with GéoTITAN the designer can easily
project a trajectory (the demonstrations of the PBN concept
being done, and with 15 years of experience in the domain),
which is then drawn on the charts and coded in the flight
management system;
• Aeronautical charting cartography with AIP-GIS charting;
• RAIM prediction.
These solutions are based on the power and capabilities of
GIS (notably by ESRI), in terms of precision, verification and
integrity. CGx AERO in SYS is an ESRI Advanced Business
partner.
ENAC has a long tradition in training international controllers
and procedures designers. Within the PBN context it holds, on
behalf of ICAO, numerous PBN focused workshops (Beijing,
New Delhi, Hong Kong, Abu Dhabi, Cuba). ENAC also set new
training courses such as those for procedure designers who will
implement PBN.
Finally, from the unique know-how of Airbus stems Quovadis,
which offers and sells services linked to RNP to airlines,
authorities and airports. This includes environment data survey,
design of the RNP procedures, aircraft performance integration,
validation and testing of procedures, validation of the navigation

NAVIGATION

database, flight operational approval, flight operational safety
assessment (the use of EASA-certified RNP values should
alleviate the need for a FOSA), associated documentation
(procedure charts, specific flight crew procedures, limitations,
required equipment, means to predict the GPS primary
availability, training, coordination of aircraft upgrade (when
relevant), RNP monitoring programme and RNP procedures
maintenance.
These three actors (ENAC, AIRBUS, CGx AERO in SYS) are all
founding members of the GAIA Virtual Sky project, accredited
by the Aerospace Valley world competitiveness cluster. They
share the capability, via the GAIA backbone, to play a shared
and interoperable flight simulation. As an example, one of the
cases currently under preparation (scheduled late 2009 to early
2010) is based on the implementation of RNP procedures in a
difficult and constrained environment.
Moreover it is most important that the local aeronautical
information providers (data originators) be involved, for
instance as in the NOPIA programme, developed in cooperation
between THALES Air Systems and CGx AERO in SYS for the
benefit of the SIA – Service de l’Information Aéronautique de
l’Aviation Civile Française (French AIS) in Bordeaux Mérignac.
Such involvement permits the corner stone that is aeronautical
data (typically runway thresholds and obstacles for an RNP

PBN functionalities within GéoTITAN latest release (V3.0 - July 2009)

procedure) with the required accuracy and quality level, to be
used without any degradation in the whole process, from data
gathering to the trajectory flown by the aircraft.
These changes will allow an evolution from AIS to AIM. This
is no longer a vision of the future but a present challenge – and
a very interesting one. ❖
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A SMOOTHER RHYTHM
Today, for economic, environmental, regulatory and capacity reasons, all airports are
concerned about traffic optimisation in terminal manoeuvring areas
Lionel Bernard-Peyre, Egis Avia, France

Capacity at
airports has long
been identified as
the primary limitation
factor of the overall ATM
system. Despite shortterm economic
fluctuations, the air traffic
growth trend leads many
approaches and airports
to congestion. According
to projections, demand is
still expected to have
doubled by 2025,
bringing about economic,
financial and
environmental concerns.
This situation wreaks
havoc in terminal areas,
producing holding delays
for arrivals and long
queues at the runway
threshold for departures.
These effects put a heavy
burden on controllers and
potentially jeopardise
safety. In addition to this,
they cause dismal
consequences for all
aviation stakeholders such
as degraded turnaround
Figure 1: MAESTRO HMI showing the delay caused by runway closure
and fuel waste.
In this context
increasing airport capacity
is a critical element driving the evolution of ATM systems. More
not have a reliable picture of traffic and discover the capacity
than ever, integrated arrival and departure management is
problem rather belatedly. This situation often results in
recognised as a key solution to eliminate gridlocks in the air and
protective APP capacity, which tends to magnify consequences
on the ground and to address cost-effectiveness and green issues.
such as an urgent use of holding pattern, a tricky coordination
To tackle these challenges, some airports have already
with ACC and stress for controllers.
successfully experienced benefits in using MAESTRO for several
To accommodate arrival flows, the MAESTRO AMAN function
years. MAESTRO, a product co-developed by Egis Avia and the
provides support to controllers to properly expedite the
French Air Navigation Service Provider (DSNA), offers a fully
incoming traffic to the managed airports and runways and assists
integrated AMAN/DMAN solution for automated support of
them by indicating the optimal separation for flights on final
arrival, departure and runway management.
approach. It helps to manage a linear delay instead of using
Regarding arrival congestion, area control centre (ACC)
holding patterns. Current operational installations of AMAN
controllers usually report no problem and thus expedite the
have measured capacity gain, reduction of fuel consumption
traffic to the approach (APP). In this scenario APP controllers do
while improving the safety level of arrival operations.
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Usually airports do not master departure flows due to a lack
of reliable departure forecast or diverse and variable taxiing
times, which cannot be handled by tower controllers. The
difficult adherence to air traffic flow management (ATFM)
regulations is also a potential cause. In such a context, groundrunway controllers will try to optimise the runway capacity and
thus expedite departures regardless of en-route constraints. This
entails no predictability over traffic, low anticipation and no
coordination for ACC departure sectors as departures are often
discovered after take-off and might converge to the same SID
exit points. Once again, these pernicious effects fall upon
controllers and possibly increase their stress.
MAESTRO DMAN provides controllers with suggestions
(Runway, Holding Point and SID) and alerts to manage
departure streams according to various airport configurations. It
shares a target take-off time at airport level and feeds the
departure runway with a relevant number of aircraft. If necessary
the aircraft waits at the stand to prevent runway incursions and
long taxiing phase. It compiles the constraints from regional air
traffic flow and capacity management (ATFCM), the local airport
collaborative decision making (A-CDM) process and satellite
airports. The system aims at building a departure sequence
while minimising aircraft queues and enables consequently an
optimum use of the airport’s capacity.
Beyond saturation issues, the global economic downturn
highlighted the need for a cost-effective air-transport system.
The recent crisis has placed increased pressure on its
stakeholders. Implementing solutions to cut costs, increase
profitability and optimise operations is high on their agenda. At
the same time, environmental concern is on the rise, magnified
by the growing footprint of increasing air traffic. Offering an
integrated solution for arrival and departure management,
MAESTRO makes these requirements compatible and provides a
solution addressing these critical issues.

MAESTRO goes further with the optimisation of capacity
management by offering AMAN/DMAN integration relying on:
• A modular client-server architecture allowing configurations
(standalone/integrated into a wider ATM system);
• Easy and cost-efficient implementations through the sharing of
machines, external connections and basic technical processes for
enhanced performance;
• A shared runway configuration management and planning
allowing a mastered distribution of arrival and departure flows
on the runway system;
• A state-of-the-art HMI merging departure and arrival flights on
the same time line views, taking account of human factors
principles for safe and efficient interactions;
• An off-line graphical configuration tool enabling fast and
intuitive learning for operational and technical staff.
The MAESTRO AMAN/DMAN integration turns out to be
particularly efficient at mitigating airport airside congestion and
delays at a regional scale as it enables a unified management of
the terminal manoeuvring area (TMA) configuration, with a
possible extension to five independent TMAs.
In addition to these major functionalities and beyond the
significant payoffs offered in terms of airspace and runway
optimisation, MAESTRO also addresses environmental issues by
providing a better management of trajectories, thus reducing
fuel consumption, CO2 and noise emissions.

Worldwide solutions
MAESTRO qualities have made it the most widely used
sequencing and metering system in the world. Since 1996, when
the first AMAN system was operationally used in Copenhagen,
Egis Avia has deployed MAESTRO in 17 major airports in nine
countries and further developed the product to support its
customer base.
The integration of the new departure management function of
MAESTRO is ongoing and will be installed at Paris CDG early
2010. Dedicated prototyping sessions enable tuning of the new
HMI and procedures for delivery, supervisor and apron
positions. This collaborative approach of the project is a key
success factor to getting the support of end users.
Egis Avia’s long-standing experience in commissioning
operational AMAN systems is enhanced by participation in
major European R&D projects. In 2005 MAESTRO was
connected to Eurocontrol’s test platform in Bretigny to run traffic
simulations at the Paris area scale. It was the largest simulation
ever run in Europe and MAESTRO demonstrated its capacity to
handle the heavy traffic forecasted for 2015 in Paris-Orly and
Paris-CDG TMAs.
In 2005-2006, MAESTRO was integrated into the DSNA
DAARWIN platform of the gate-to-gate project in support of realtime simulations to assess the combination between AMAN,
ASAS crossing and merging and advanced HMI for arrival sectors.
In 2006-2008, MAESTRO was connected to a THALES
EUROCAT-tower system at Toulouse-Blagnac Airport for the
EMMA2 project, paving the way for interoperability between
DMAN and A-SMGCS. In 2007-2008, for the ASPASIA project,
MAESTRO was connected to an Egis Avia SCANSIM ATC
simulator to assess the benefits of aircraft derived data for the
arrival management function.
For the ongoing MINT & CASSIS II projects, MAESTRO is
being adapted to use aircraft FMS data to support controlled
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time of arrival [CTA]
operations. MAESTRO
will also be involved in
several SESAR projects in
the coming years thanks
to its valuable operational
experience and
background and to its
considerable technical
agility to cope with
emerging needs.

Open collaboration
In Europe the SESAR
programme defines a new
framework for the coming
decades to move the
concept of operations
towards a more
collaborative way
involving airspace users
and taking advantage of
the new technologies
available. This concept is
organised around the key
Figure 2: MAESTRO Delivery HMI with flights waiting for the start-up clearance
notion of trajectory-based
operations, which
considers the aircraft path
uncertainty regarding the aircraft trajectory entered in the FMS
from a gate-to-gate perspective. This new paradigm implies the
before its departure.
effective integration of airports in the loop and requires
Advanced negotiation of the arrival segment will allow
improved capacities (scheduling, demand and capacity
selecting a green approach (continuous descent approach/
balancing, and runway throughput) together with enhanced
arrival) before the top of descent. This negotiation cannot be
collaborative decision-making mechanisms. Collaboration is not
performed by a single control sector or a single human operator:
possible without a shared flight schedule.
machine-to-machine dialogues must prepare an acceptable and
Advanced sequencing and scheduling tools are intended to
relevant proposal prior to the pilot-controller agreement. The
handle the available traffic data and enable the setting of
same user-oriented philosophy is also considered for departures
capacities, airport configurations and strategies for up to three
in order to improve the turn-around process via an A-CDM
hours ahead. These planning tools dramatically improve the
process to synchronise pre-sequence at the block.
predictability of the estimated touch-down or wheel-up time,
The departure service must be extended to the SID exit point
thus enabling an optimisation of the turnaround process of the
in order to follow up a capacitive and green system for
airport. The predictability and the accuracy of the departure and
departures. Continuous climbing trajectories shall be used as
arrival segments of the trajectories are of paramount importance
much as possible and departure flows shall be split on various
in the economy of airlines and are key enablers for managing
exit points to prevent congestions in outbound sectors.
business trajectories.
MAESTRO opens the way to a long-term perspective and already
Advanced arrival and departure
supports most of its key concepts by encompassing arrival,
Beyond the capabilities of the basic AMAN tool, new procedures
departure and runway-use management.
are envisioned by disseminating arrival information to all
Consolidated roadmap
stakeholders in order to improve the service regarding arrivals
After a first step of integration of arrival and departure functions
for a TMA. As a good example of this, the planned airport
into a single system, the MAESTRO Users Group has recently
configuration (runway in use) has the ability to reduce

SIGNIFICANT GAINS AND RETURN ON INVESTMENT FOR DEPLOYED SITES
Airport
Paris CDG
Copenhagen

Country
France
Denmark

Sydney

Australia

Stockholm-Arlanda

Sweden
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Gain
Nominal TMA capacity is reduced by 30 percent if MAESTRO is not available (occurred once in 2001)
Runway capacity has been increased by 15 percent
12 months after the operational use of MAESTRO in 2000 for the Olympic Games, about A$7.1 million of fuel
consumption have been saved
Increased capacity and efficiency for airlines due to less time in holding and shorter routes

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010.

SOFTWARE

Maestro also addresses environmental
issues by providing a better
management of trajectories
confirmed the product roadmap to be completed in further
versions by advanced features addressing new ATM concepts:
• The trade-off between arrival and departure flows will be
balanced by adjusting runway rates (for departure and arrivals)
via a new probing function. Controllers will assess the impact on
arrival and departure sequences against key performance
indicators such as the global delay for departures and arrivals for
each airport.
• The departure sequence will take more constraints such as
TMA constraints but DMAN will cope with the AMAN delay to
be reabsorbed on the ground.

• Improvement of the turn-around process during adverse
conditions will be addressed by integrating the de-icing
management of the DMAN within the airport systems.
To conclude, AMAN/DMAN concepts are clearly identified as
key enablers for the next-generation ATM system envisaged by
the ICAO Global ATM Concept and regional application
programmes such as NextGen and SESAR. MAESTRO, with its
continuous development and improvements, will widely
contribute to this impetus by offering a system conciliating a
priori antagonist concepts such as capacity increase and
environmental sustainability. ❖
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INTERIM SOLUTION
A mobile ATC tower can provide a quick and flexible answer to back-up and interim ATM
Michael Brunton, Host Systems, UK

At some stage almost all airports undergo some form of
ATC refurbishment, expansion or upgrade of systems,
or build a new ATC tower. Host Systems mobile and
transportable ATC towers can easily provide a comparable
interim capability, minimising disruption and ensuring smooth
transition from existing facilities to a temporary tower.
Because they are fully equipped to handle the same
operational capability as the existing facilities, there is no
compromise in efficiency and safety, causing minimum effect on
cash flow and passenger throughput. To ensure a seamless
handover, the Host cabin is fitted with the same types of
communication, navigational equipment and weather systems as
the existing facility (or new towers), which means no extra
training, no additional spares holding and a familiar operational
capability for controllers. The
system elevates to an operator
height (seated) of 7m and is
easily moved and positioned to
enable a full view of runway
thresholds and adequate ground
surveillance.
When the project is
completed, the Host temporary
tower can be recovered and
either moved to another
location on a similar task, used
as an emergency standby or
used at a smaller airport as a
prime capability.

Rental option during
refurbishment
Host can provide a rental model
for use during refurbishment of
a main tower, for three, six and
12 months. Renting a Host
Systems mobile tower is more
cost effective in the short term
than a capital purchase, which
better suits some customers’
requirements.
Customers have the choice of
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the rental tower being specifically fitted out to match existing
systems that are used in the main tower, or full training can be
given on the standard Host fit tower. Host works closely with
the customer to provide a system that meets all operational
requirements and provides regular support visits to ensure the
efficiency of the system throughout the rental period.
Turnkey deployment and commissioning by Host Systems
personnel ensure smooth transition from the existing tower to
interim facility.

Contingency plan
It’s every airport operator’s nightmare – a terrorist attack on the
main ATC tower or ATC facilities. Destroying or damaging
primary ATC capability is an easy way of causing maximum

SYSTEMS

Left: Internal fit-out is to customer specification to allow for commonality of existing systems. The console is modular in design to enable easy upgrades at any time.
Above and below: A Host Systems tower being used as an interim capability while the main tower at RAF Barkston is refurbished
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The cabin is capable of being operated at full height, interim and fully lowered

disruption to air travel, resulting in large costs to airlines and
airports. In certain cases when a country’s economy relies on
tourism, an ATC failure could in the extreme have a major
impact on financial stability. The cost of diverting aircraft,
additional transportation, hotel accommodation and wrongly
positioned aircraft and crew is a financial nightmare for airlines.
The loss of revenue to airports and, at worst, claims of
compensation from airlines and the threat of excessive insurance
tariffs could also present a serious problem.
Well-planned, efficient mobilisation of a Host Systems mobile
ATC tower can minimise the disruption to an hour and offset all
the above negative effects on the airport. The tower is designed
for quick deployment and Host provides high levels of training,
which is vital for contingency planning. When an emergency
happens, it will not be at 09:00 in good weather; it will

inevitably be at night during inclement weather. So training has
to be undertaken at all times of the day in all weather
conditions, regardless of distractions. The tower is designed to
be operational within an hour with a team of four plus a
management team.
To avoid any confusion or delay, the standby tower is
equipped to be the same as the main tower. The system, which
is trailer mounted, can be stored anywhere on the airfield and
quickly moved into operation. It can be towed by any vehicle
and therefore does not tie up a vehicle permanently.

Developing new and existing facilities
There are two advantages to a mobile tower over a conventional
tower – time and cost. Host Systems can deliver in 16-20 weeks,
whereas a normal new tower can take 18-24 months to design,

The mobile tower should be uncluttered
and have adequate storage and upgrade
capability if required
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plan and build. Host Systems’ delivery time results in a much
quicker income stream and ROI. Furthermore although Host
Systems can supply and fit exactly the same communications
equipment, navigation equipment and weather systems as in a
normal tower, the cost can be less than 20 percent of the price of
a conventional tower. Where height is not an issue Host Systems
can provide the same cabin as on an elevating system but on a
6m container, which reduces the price further.
Countries that are susceptible to natural disasters such as
tsunamis, earthquakes and tornados must have plans in hand to
provide immediate resumption of flights. Any disruption – even
short term – can result in a threat to life because of the lack of
relief aid and can dramatically affect what might be a fragile
economy by delaying reconstruction. The Host mobile tower can
be easily deployed and air movements can be quickly and safely
operational in a short length of time.
Because the Host tower has been specifically designed for
mobility and rapid deployment, it is ideal for setting up ATC in
remote locations or for helipads where there is a need to move
base location.

Customer-led answer
Host has worked with its customers to provide a mobile tower
design that meets today’s needs. There are technical and
operation capabilities that cannot be compromised – for instance
because of varying weather conditions the cabin must be capable
of being operated at full height, interim and fully lowered.
A minimum of three operators must have uninterrupted 360º
vision in an air-conditioned environment at a console that is
familiar to them. The cabin must be fitted with the same quality
of glass as normal towers and have sufficient facilities to enable a
comfortable working area. It should be uncluttered and have
adequate storage and upgrade capability if required.
Ease of deployment is essential. Everything needed to make
the mobile ATC tower operational should be on the system,
negating the need for additional transport of equipment and
local lifting facilities, a lack of which would delay operations.
The system needs to be uncomplicated, stable, flexible, easily
upgradeable and most importantly should have a proven record.
The Host Systems mobile ATC tower meets all these criteria. ❖

MANAGEMENT
AND STRATEGY
Quick
Delivery
Low Cost
ATC Solution

Setting
Setting up
up new
new airports
airports
Interim
Interim ATC
ATC capability
capability
during
during refurbishment
refurbishment
Independent
Independent back-up
back-up in
in
case
case of
of emergency
emergency or
or
disaster
disaster
* Equipment fit the same as a
conventional tower
* Simple and quick to deploy
in the case of an emergency
* Fully mobile and easy to
relocate to any position
* No specialised towing
vehicle required
* Container mounted model
for low cost ATC

Host Systems Ltd
Tel: +44 (0) 1400 282297
Fax: +44 (0) 1400 282764
www.host-atc.com
email:mbb@host-atc.com
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ON MESSAGE
What is an ATN directory and how can it be used in support of AMHS ground-to-ground
messaging communication?
Will Sheward, Isode, UK
AMHS (Air Traffic Services (ATS) Message Handling
Services), as specified by ICAO, is the new standard for
ground-to-ground messaging communications, which is
being adopted rapidly and will eventually replace existing systems
based on the AFTN and CIDIN standards.
The AMHS Standards define two different levels of service. The
Basic ATS Service is equivalent to existing AFTN capabilities,
including conversion services between AMHS and AFTN. This
Basic Service makes sense for an initial AMHS deployment. The
Extended ATS Service defines services that go beyond the services
available from AFTN, and includes a mechanism to allow
coexistence of users of the Extended ATS Service with users of the
Basic ATS Service and with AFTN users.
ICAO’s Aeronautical Telecommunications Network (ATN)
Standards and Recommended Practices (SARPs) also specify
Directory Services. This ATN Directory Service is closely linked to
AMHS and is essential for the deployment of many of the services
defined in AMHS, in particular the Extended ATS Services.

What is the ATN Directory?
The ATN Directory provides an infrastructure to support various
aspects of the ATN and in particular to support AMHS and
Extended ATS Message Service capabilities. The ATN directory is
based on the industry-standard X.500 specification, which is
extended for various ATN capabilities. X.500 was specified to
support telecommunications systems and so is ideal for the ATN
application. Key elements of an X.500 directory include:
• Hierarchical naming, allows authority to be naturally delegated
to ATN participants and allows distributed deployment that
follows the same hierarchy;
• Standardised access protocols, which enable client/server
management and straightforward integration into ATN
applications;
• Distributed and replicated directory provision, using multiple
directory system agents, make X.500 ideal for supporting a
widely distributed system such as ATN;
• Standard schema (object classes, attributes and naming) which
can be used as a basis for core applications;
• Extensible schema. This extensibility has been used effectively
in the ATN directory to extend the core X.500 schema to
provide ATN specific functionality.
Isode supplies M-Vault X.500, which is a directory server that
conforms to the ICAO SARPs specification for directory service.
This server provides:
• Distribution of servers, including data replication using X.500
DISP;
• Management tools;
• Schema support to the ATN defined schema.
This SARPs-compliant infrastructure is the core infrastructure
needed for the services listed in this article.
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What are the benefits?
White pages service An immediate service that can be offered based

on the ATN Directory is a ‘white pages’ service, giving telephone,
email and other information about organisations and users in the
directory. While X.500 directory access protocol (DAP) is the
SARPs-compliant mechanism, Lightweight DAP (LDAP) is a
practical alternative where unstructured information is accessed.
Isode’s M-Vault X.500 directory server supports both DAP and
LDAP. LDAP enables a wider range of off-the-shelf client products
to be used:
• A desktop LDAP Client, such as MaXware Directory Explorer;
• Direct LDAP integration with a web information system.
The white pages service provides direct user access to
information which is managed and can be relied upon to be
accurate. It centralises management of data and reduces overall
effort by reducing duplicate data storage
Directory-configured AMHS servers Isode’s AMHS Servers may be
configured by use of a directory. Isode recommends this approach,
and this is being adopted by most customers. There are many
benefits to using this approach, described in detail in the Isode
white paper ‘Isode Management Architecture: client/server and
directory’ (from www.isode.com).
Directory configuration of AMHS servers allows servers to share
information and so reduce management costs as well as providing
flexible and robust client/server management of configuration.
SARPs-compliant directory integration Isode provides an ATN
Directory Client API that provides a simple integration API for
directory information, and enables applications to connect to the
ATN directory in a SARPs-compliant manner using X.500 DAP. This
product enables applications to search for and read information
from the ATN directory.
AFTN/AMHS Address Mapping Most ATC users are familiar with AFTN
addressing but tend to be unfamiliar with the X.400 O/R addresses
used by AMHS. The Eurocontrol SPACE project defined a
mechanism by which to use the ATN directory to map between
these addresses. It is described in more detail in the Isode white
paper ‘Addressing in AMHS: Building a solution that works for the
end user’.
The long-term plan of this scheme is that the data defining the
mappings would be in a directory sub-tree placed in a single global
location (O=ICAO-MD-Register) and highly replicated.
Directory-enabled AFTN/AMHS gateways (MTCUs) An AFTN/AMHS
gateway needs to map between X.400 and AFTN addresses.
Holding this information in the directory, as described above, is a
useful approach as it enables mapping information to be shared.
Directory-enabled AMHS terminals An AMHS terminal (user agent)
is the client that an end user will use to access the ATS Message
Service. The first generation of directory-enabled AMHS
terminals are expected to offer at least the following directorybased capabilities:
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• AFTN address mapping, so that users can work with familiar
AFTN addresses, and have X.400 O/R addresses hidden;
• Full verification of local addresses before message submission;
• Directory browsing for address selection.
Benefits include compliance to the SARPs Extended ATS Message
Service, improved address checking and service validation, thus
increasing robustness and convenience for transitioning users by
retaining a familiar addressing interface.

Secure AMHS
AMHS Security provides two services using digital signatures.
These are both end-to-end and operate between AMHS Clients.
Message integrity ensures that the message has not been
tampered with in transit. It enables a user receiving a message to
be confident that the message is exactly the one sent. Message
origin authentication enables the recipient of a message to
securely verify the originator and be confident that the message
has not been forged by another user or by an operator.
These services are both important to ensure that the recipient has
the highest level of confidence in all messages received and to
prevent message tampering and forgery.
How secure AMHS works Secure AMHS operates in a simple manner.
The message sender (originator) digitally signs the message as it is
being sent. Each message recipient verifies the signature, enabling
the recipient to be confident that the message really comes from the
stated sender. The digital signature is carried along with the
message and the format of the message being transferred is not
affected by AMHS Security. This means that AMHS security can be

added with minimal disruption to a deployment that does not use
the security features.
Deploying Secure AMHS The core AMHS switching infrastructure
can carry AMHS security without modification, so the key things
for deployment are AMHS clients and applications with security
features and associated management. The key capabilities are:
• Clients (reception). Two levels of support are possible.
• The ability to receive secure messages, discard security features
and otherwise correctly operate. This capability is trivial to add
to any AMHS client and should be a core capability. It will
ensure that secure messages do not cause any disruption.
• The ability to verify a digital signature and show the recipient
that the originator and message integrity have been verified.
• Clients (sending). The key feature is the ability to digitally sign
a message. An AMHS client with security features should also
first check that the recipient supports the Extended ATS Service,
to ensure that it is safe to use the security service.
• The ability to manage secure identities using a public key
infrastructure and provide these to the secure AMHS clients.

Conclusion
The ATN Directory is a key enabler of the Extended ATS
Message Service, providing benefits that can be deployed by
utilising components available now. Value can be added to Basic
ATN Service deployments in the relatively short term with the
service being extended as other countries make similar
deployments. A clear case can be made for ANSPs to start
planning for directory services now. ❖
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FROM PAPER TO PIXELS
The paperless office may be a pipe dream, but the paperless flight strip is a highly
functional reality
Luiz Moreira, Saipher, Brazil

Paper flight progress strips are the last resource to
record non-digital data still being used widely in ATC.
This media is being modernised in control centres and
approach control with systems that use electronic flight progress
strips (EFPS), which provide greater agility and immediate
availability of flight data from those sectors.
Control towers are the last places that still use the classic
paper strips, in which the convenience of users, led by the
handling practicality and reliability in a simple system, holds up
the implementation of more modern resources.
At this point in the evolution of aviation the high demand for
data is the key to the efficiency of various systems, among which
are digital communication systems via datalink; air traffic flow
improvement systems, which result in the saving of fuel and the
reduction of pollutant gases; and systems based on collaborative
decision making (CDM) principles. All these advances need
flight information from all the sectors involved, especially the
control towers.
On the other hand, the adoption of a digital system for flight
control in towers must maintain and surpass the current
reliability of controllers in relation to the classic system and
must, at the same time, add facilities and improvements that
make up for the system’s replacement, releasing users from
parallel tasks and allowing them to concentrate more on their
main task – controlling traffic.
Among other activities, Saipher ATC, a leader in the
installation of electronic strip systems in control towers, with
108 systems already installed, has been dedicated in the past 12
years to meeting with excellence all requirements that involve
the delicate task of satisfying clients and users in the
replacement of the traditional system. The company is already
installing its second generation of EFPS system for control
towers, which maintains the characteristic simplicity of use of
the first generation, improves existing resources and introduces
new tools.
Of the system’s characteristics that enable a smooth transition
and meeting of the most varied technical and operational
requirements, we can highlight:

Safety
The safety condition must assure the user continuity of the
operation, integrity of the data obtained and generated by the
system and its high availability, to assure smooth operation.
Such conditions must be met with hardware and software
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solutions that have redundancy and contingency features,
among other factors, guaranteeing the integrity and reliability of
this assembly.

Flexibility
The diversity of airports, their characteristics, speciality in
operations, workflow and other factors require that the EFPS
systems adopted in control towers have flexibility to be fully
adapted to the characteristics of each airport, upon
configuration, to meet its requirements individually. Since these
characteristics are liable to change over time, it is important for
the various parameters of the system to have the ability to be
modelled to meet these new conditions, without the need for
new development or programming.
This flexibility must meet all system components. The
electronic strips must be configurable to have sufficient size to
contain all service fields, meeting each operational position
appropriately and thus displaying all available fields when
requested. This versatility allows going beyond the capacity and
physical limit of paper.
Likewise the layouts of the work position screens must allow
the flexibility for the operator to have the best distribution for
each operational position and also be able to alternate to other
options according to demand, time or other characteristics of
each airport.
The modelling of the workflow, behaviour of the strips among
the workstations and also within an operational position must
permit reproduction of the operational model traditionally
adopted, and use of the new system must not affect the mode of
operation. The flexibility to configure these parameters must
then allow improvement of this model through resources and
the tools available.

More than a unique system
With the introduction of digital communication systems for
flight plan clearance (DCL/PDC) and taxi clearance (D-Taxi), it is
neither practical nor productive for the flight controller to have
to simultaneously handle two different systems, one for control,
whether electronic or classic, and another for data
communication.
Therefore the electronic strip system must support these tasks
more efficiently for the operator, preferably without changing his
usual way of working, and allowing performing both functions
in a way that is transparent to the operation.
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Above: Rio de Janeiro International Airport. Below: Brazilian Air Force Academy. The EFPS system’s flexibility allows it to be configured to the needs of any airport
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Upgraded hardware

Configurable workflows, strips and behaviours, and a modern screen layout are all key
factors towards offering a flexible system

Simplicity of operation
There is nothing as simple as the classic operation with strips in
a control tower. The electronic system must respect this
simplicity and provide new resources, to guarantee agility and
safety to that system and to also have the capacity to absorb the
growing number of flights and surpass the capacity and speed of
control of the classic system. Certainly new tasks should not be
added to perform the same tasks and traditional tasks must be
automated, such as organisation of the strips, so that the
operator does not have to give more attention to the monitor
than the traffic.

Head-up time
Better than in the traditional system, the electronic systems must
be able to provide the user with a better relationship between
the time spent using the system and the time required watching
the evolution of flight movements.
Unlike the traditional system, which requires attention to the
paper strip for annotations and marks, the digital system can do
so with simple commands and fast access, saving precious time
that the controller can spend head-up on the main activity,
paying attention to what is going on outside the window of the
control tower.

Unlike the traditional system, which in the past 70 years was
based on the use of paper strips almost without any alteration,
an electronic system enables almost immediate use of hardware
resources and new technologies, which emerge almost daily.
Touch-screens, voice recognition, head-up displays (HUD), and
spectacles with retinal projection can all be used – with caution
– as allies in the maintenance of a simple operational system.
All this and many more parameters led Saipher ATC in the
design of its state-of-the-art systems of electronic strips and the
focus was maintained on the maximum use of information
obtained and generated by the system. This concept generated
an encompassing family of systems called TATIC – Total Air
Traffic Information Control – with TATIC TWR being the
management and control system with electronic strips for
control towers. Systems for area control centres, approach
control, flow management centres, ARO/AIS, D-ATIS, airport
operations and others are part of this family, based on a CDM
concept, in which the information travels between them
organically and instantaneously.
Saipher ATC began a process of system modernisation
installing TATIC systems in three airports, and six others are
already being worked on. The first airports with the TATIC
systems are Rio de Janeiro International Airport, the domestic
Congonhas/São Paulo Airport and the Brazilian Air Force
Academy, all among the most important and busiest in Brazil.
The experience of upgrading the Brazilian Air Force
Academy’s system established the efficiency and flexibility of
TATIC, which was able to meet the unique characteristics of
special operations and differentiated workflow, in an airfield that
used two control towers simultaneously and three runways for
instruction flights, military operations, formation flights and
other special operations.
In Congonhas Airport, the TATIC systems are in operation in
one of the busiest airports in Latin America, with about 230,000
movements per year. Congonhas also has a solution specially
designed by Saipher to help in the control of helicopter
movements. São Paulo is one of the world’s top cities for the
number of helicopters and requires agile and efficient systems to
meet the demand.
The adoption of TATIC TWR systems in the airports enables
remote monitoring of aircraft movements in real time. The
ATFMU (Air Traffic Flow Management Unit), established in the
Air Navigation Management Centre (CGNA), receives
information in real time from the airports equipped with the
TATIC TWR system. Critical data to manage the flow and aid
decision making are available round-the-clock, seven days a
week, helping ATC and airlines optimise their operations.

An electronic system enables almost
immediate use of hardware resources
and new technologies
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The domestic Congonhas/São Paulo Airport deals with heavy helicopter movement nearby as well as dense airport traffic

Continuous evolution based on these premises, direct contact
with air traffic controllers with their criticism and suggestions,
and the search for new technologies, all combine in the
improvement of Saipher systems, guaranteeing full compatibility
with the more detailed requirements of clients.
The experience and knowledge acquired in so many

transactions conducted from traditional operation on paper to
the use of electronic strips, meetings and discussions on the
needs of different types of airports, combined with the features
of the TATIC systems, results in immediate and major
improvements in the operational and managerial aspects of ATC/
ATM activities.❖
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AIP GOES ELECTRONIC
The Aeronautical Information Publication as we know it – a bulky paper document – is
bound to evolve and adapt to new technologies as ANSPs evolve from service to
management
Benoit Maisonny, Synclude, Belgium

The Aeronautical Information Publication (AIP) is the
only official document offering all permanent
aeronautical information related to a country. It is
defined by ICAO Annex 15 and is the largest component of the
Integrated Aeronautical Information Package (IAIP), along with
AIP Supplements (SUP), NOTAMs and Circulars (AIC).
‘Integrated’ is quicker said than done; made of paper
documents, these components of the IAIP are quite simply not
integrated at all. Pilots are supposed to read the AIP, SUPs and
AICs but they all come as separate documents. Add NOTAMs
and an international flight to the mix and it becomes clear that
pilots need to do the integration work themselves. Flight
manuals do respond to the integration need for flights over

several countries, but not to the integration of AIP and
NOTAMs, for instance.
The new generation of the AIP, which enhances the paper AIP
with new technologies, already exists: it is the electronic AIP
(eAIP), as specified by Eurocontrol (1). Even better, ICAO is in
the process of including the Eurocontrol eAIP Specification in a
future amendment of Annex 15 (2).

What is the eAIP?
The electronic AIP (Figure 1) is a specification of the look and
feel of an AIP, SUPs and AICs on screen. It defines an
international, standard way to display these documents in the
form of an aeronautical information web site. This site integrates

Figure 1: Extract from the eAIP The Netherlands published by LVNL. Text highlighted in pink is part of an amendment
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a means for AIS offices to improve their products by the use of
modern document production systems. They improve
consistency, integrity and usability of the documents.
Consistency is achieved by using a professional document
management system as opposed to ‘free-style’ word processing
software. Higher integrity is obtained by combining the eAIP
production and publication rules with the use of an aeronautical
information database. Usability is offered by the means of
modern, web-based technologies and by following the
Eurocontrol eAIP interface specification.
Enabler for derived AIS products. By using professional
document production software, AIS offices can combine
Advantages for AIP readers
information from different sources, including the AIP, and reuse
User friendly. An eAIP offers a number of interactive features
information in other AIS products. For example common
that make AIP browsing much easier compared with paper. An
information can be shared between a VFR guide and the AIP. In
electronic document can
the future one can imagine
also be searched using
several countries
search engines –
(functional airspace blocks
something that is not
or even entire continents)
possible with paper.
grouping together and
Changes are precisely
producing a common AIPhighlighted. The use of
like document, made by
colour codes to highlight
joining their national
changes in an AIP
eAIPs in a semi-automated
Amendment makes it
manner.
clear for readers what
Cost reduction.
exactly has changed. In
Publishing an electronic
comparison, the
document cuts down
traditional change bars
production costs. Recent
in the margin of a paper
experience with States that
AIP can often leave the
have already migrated to
reader wondering what
the eAIP shows that a vast
the amendment brings,
majority of AIP subscribers
especially when the
do not require paper
previous version of the
copies any more. This
page is no longer
reduces printing and
available.
posting costs. It is
Virtually no
especially true for internal
maintenance. An eAIP
copies within ANSPs,
amendment is in fact a
which can easily be
Figure 2: Professional document management systems automatically merge concurrent
complete AIP with
distributed via an intranet.
changes, or detect the unlikely conflict and assist editors in solving it
highlighted changes.
Moreover new readers join
With paper AIPs, readers
in for the electronic AIP,
need to insert, delete or
which increases turnover.
replace pages for every amendment. This manual process is
No development cost. Why reinvent the wheel? The electronic
tedious and error-prone, even more so with a large amendment
AIP specification is there, offered by Eurocontrol as open
of more than a dozen pages. Consequently some readers simply
standard. As such the specification opens up the COTS software
do not update their AIPs on a regular basis, only to be faced
market for AIP production and promotes a sane, competitive
with a huge stack of amendments to incorporate when they
environment. Using the eAIP saves organisations from
actually need to consult an AIP. The eAIP makes this process
development costs and risks.
obsolete, as readers can simply consult the latest eAIP
State of the art eAIP Production
amendment to find both the changes and the rest of the
It is possible to produce a paper AIP using a word processor or
document. As a bonus this makes an eAIP easy to archive, being
page-layout application, but such paper-orientated software will
a self-contained electronic document.
not bring the benefits of an electronic AIP. When it comes to
Easy access and distribution. With paper AIPs, readers have to
reusing aeronautical information for derived products, or
walk to the AIP library in their organisation in order to access
publishing interactive, electronic documents on a website, these
the documents. The eAIP offers remote access through the
software tools quickly show their limits. It is time to migrate to
intranet or internet, so that all members of staff can access the
professional tools.
documents from their workstation.
What more can AIS offices expect from an advanced,
Advantages for AIP editors
professional eAIP production system, compared with oldImproved AIS products. Implementing the eAIP specification is
generation, paper-based tools?

the three types of AIS documents in an easy-to-use and easy-tolearn interface. An electronic AIP brings flexibility in the
diffusion and access format. It can be distributed on CD-ROM,
published on a public website, or published on an electronic
library such as PAMS on the European AIS Database (EAD).
All stakeholders will find benefits in having an international,
standard eAIP specification. Readers will find it easier to get
used to the eAIP interface if all eAIPs in the world follow the
same guidelines and producers will use COTS products to
decrease their development costs and increase their return on
investment.
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Collaboration. The advanced solution must be collaborative,
enabling a team of AIP editors, cartographers, coordinators and
quality controllers to work together efficiently.
Concurrent editing. An important aspect of collaboration is
enabling AIP editors to edit the same page, for the same
amendment, at the same time. The system must automatically
merge concurrent changes when possible (Figure 2). It must
detect the occasional conflict (i.e. when two changes occur
exactly on the same text) and assist the user in resolving it.
Data referencing. The advanced solution must ease the creation
of data references from text documents to an AIXM database, by
assisting AIP editors in generating certain AIP sections and
tables. It should offer ready-made templates from which editors
can pick the document elements they need. It should also assist
editors in creating references to individual data items, to use in a
paragraph, for instance. These data references must be updated
automatically upon database changes.
Automation. It should automate as much as possible the
production of the AIP: page numbering, headers and footers,
table of contents (sections GEN 0.6, ENR 0.6 and AD 0.6), check
list of pages (section GEN 0.4), paper amendment, cover pages
including the list of changed pages (pages to replace, insert or
delete) must all be generated with minimal user intervention.
Change detection. It should automatically detect changes in
text, data, charts and other images and mark up the changes
according to ICAO SARPs (change bars and deletion arrows in
paper documents) and to the Eurocontrol eAIP Specification
(precise highlighting and appropriate colours in electronic
documents).
Eurocontrol eAIP compliance. It should be fully compliant
with the eAIP specification. This must be verifiable: if one
imports the sample eAIP from Eurocontrol and then exports it
again, no information should be lost.
Eurocontrol SDP compliance. It should follow procedures and
user roles described in Eurocontrol’s Static Data Procedures
(SDP) specification.
AIRAC adherence. It must assist AIP editors and coordinators
in adhering to the AIRAC standard, notably when preparing
parallel amendments – publishing a regular amendment while
an AIRAC amendment has already been published but is not yet
effective. Publishing a parallel amendment often requires the
production of a correction of the previous AIRAC amendment,
which should be completely automated.
Work unit management. Users should be able to split the work
to be done on a given amendment into one or more work units.
One work unit is defined to group a set of related changes. This
concept, issued from the document management domain,
enables editors to focus on one set of changes at a time. It also

Figure 3: Work unit management: a delayed work unit is postponed until the next eAIP
amendment with a single click

enables coordinators to postpone a work unit that happens to be
late (Figure 3) without compromising the timeliness of the rest
of the amendment.
The above list is not comprehensive but is a good check list of
items to look for in a modern AIP production system.
Synclude has developed such a system, called GroupVerve
AIS, which covers all the above features and more. It is one
component of a complete AIM system, perfectly integrated with
Comsoft’s CADAS suite, which includes an AIXM 5 database, a
NOTAM office system, a flight plan management system and
pre-flight information bulletin (PIB) system.
This brings us back to the (non-)integrated AIP. The near
future of the eAIP is to incorporate a live NOTAM feed into the
interactive eAIP web site. This feature is technically possible
today and at Synclude we have researched and developed this
path. Until the advent of AIXM 5 databases, however, linking
AIP and NOTAM information remained a manual process. With
an AIXM 5 database it is now possible to automate this process
and offer an interactive, dynamic, truly integrated AIP. This is
the first concrete result of the migration from AIS to AIM. ❖
References
1. http://www.eurocontrol.int/eaip
2. http://www.icao.int/wacaf/apirg/sg/2009/AIS_MAP_TF5/docs/
attachment%20to%20wp-8.pdf, section 5.3
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SAFETY FIRST
As European ATM grows more demanding and runs on increasingly complex systems,
there is more demand for back-up systems that provide full operational redundancy
Søren Robenhagen, Terma, Denmark

Air traffic service providers’ and Eurocontrol’s efforts to
improve the management of air traffic in the congested
European skies mean investing in new ATM systems.
New systems enable more efficient and safe handling of both
commercial and military flights, freeing up air space and
enhancing performance of traffic. But the introduction of more
efficient ATM systems calls for caution and prudence. Since new
systems enable a larger number of aircraft to operate within a
more confined space, the reliability of the systems becomes all
the more important. If high-performance systems partly or fully
malfunction, the consequences can be dire.
This awareness has led some European ANSPs to implement
back-up systems that are completely independent of their main
systems. The aim is to possess the capability to operate a more
densely packed air space safely if the main systems fail. For
instance the Irish Aviation Authority (IAA) has implemented the
TERADS system developed by Terma, a Denmark-based global
provider of ATM solutions.
The main function of the TERADS is to work as a ‘hot
standby’ system that enables controllers to clear the skies when
the main systems lose operational performance. Basically the
idea behind the system is to have a tool that is sufficient to safely
land or hand over traffic to other controlling authorities in
neighbouring air space.
The IAA required that its back-up system should provide full
redundancy, as Peter Nolan, head of ATM Systems and

Technology explains: “We decided that we needed a fully
independent back-up system that would not need to draw upon
main system resources, other than radar and AFTN. The system
needed to be able to be put in operation in a matter of seconds
to enable continuous situational awareness. The availability of
an independent back-up system gives a high degree of
confidence to operational controllers, improves safety and
business continuity planning.”
The TERADS system turned out to suit these requirements
very well. The system is running on a completely parallel system
using independent servers and computers. There is no start-up
procedure because it is in continuous ‘hot operation’. A
controller can alternate between main and back-up systems
simply by pressing a switch on his monitor. The full
independence gives the ANSP the benefit of added safety for
traffic under its management.
Another benefit of having a back-up system on hot standby is
the ability to quickly locate and replay possible incidents: “In
our experience the TERADS system’s replay facility has proved to
be very useful and user friendly. Our back-up system works very
well when we have to assess a potential incident. This way we
can keep our main system in undisturbed operation, while safely
using the back-up system to quickly review a potential
situation,” says Nolan.
When asked about the difficulties of having more than one
system, Nolan explains: “We eliminated the potential issues

The back-up radar display is hidden when not in operation. At the press of a button the system becomes visible for the controller and is ready for operation
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Simplified diagram of the TERADS system configuration

related to having more than one system by selecting a back-up
system that emulates the main systems’ HMI. From the
controllers’ point of view the screen on the workstation remains
almost the same when they switch from the main to the back-up
system. This reduces work stress, adds to flight safety and saves
resources for training.”
Danish ANSP Naviair has procured well over 50 workstations
running the back-up system, including 46 in Copenhagen
Airport, and is a major advocate of fully independent back-up
systems. Bent Fog, director of technical maintenance at Naviair,
says: “We required our back-up system to be fully redundant.
For example the TERADS computers had to be assembled from
other components other than our main system. The real
advantage for us is that we are one 100 percent certain that we
can clear the skies should our main system malfunction. In
principle we could continue to carry out operations without a
fully redundant back-up system, but we decided to eliminate
this risk and the cost proved not to be prohibitive.”
Naviair’s good experience with its back-up system has led it to
apply for the approval of TERADS as a supplementary main
system rather than a back-up system. The application is now
pending approval by the Danish CAA.
According to Naviair this will enable TERADS to be used
more often as a main system, when the normal main system is
shut down for upgrades and maintenance. Looking at this, Fog

114 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010.

explains more: “When we are maintaining our main system
during low traffic periods, we can run our operations on
TERADS. This is also a really significant added benefit, in
addition to the benefit of added safety.” Similar back-up systems
are already functioning as main systems in several Norwegian
airports, so Fog expects that the Danish CAA will look
favourably on Naviair’s request.
Niels Hersoug, VP for Terma’s AIR business area sums up the
philosophy of back-up systems: “TERADS provide 100 percent
independent ‘hot back-up’ for main radar situation display
systems at ATC centres and towers. The system provides instant
radar and ADS surveillance, while supporting MSAW and STCA
safety nets, so controllers can maintain surveillance while the
main system is inoperative, thus enhancing air safety and
averting unnecessary work stress. In addition to this, TERADS
may be used to quickly replay potential incidents for
investigation, or be used for normal operations while the main
system is being maintained.”
There is no doubt that there could be growing demand for
back-up systems that provide full operational redundancy, as
European ATM continues to be more demanding and running
on increasingly complex systems. Some ANSPs are already
making these investments, as they feel that the safety challenges
of future ATM are best met with options other than just one
highly complex main system. ❖
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ATTRACTIVE IN MATURITY
A modern solid-state based power supply upgrade for Watchman and similar S-band
radar systems
John Paige, TMD Technologies, UK
Watchman is one of the ATC radar success stories in the
UK. The Watchman development project was initiated
by Siemens-Plessey (now BAE Systems) to meet an
anticipated demand for new air surveillance radars in the mid1980s. In 1983 the UK Ministry of Defence placed an order with
Siemens-Plessey Radar for an initial 30 Watchman systems.
Delivery of Watchman to the Royal Air Force began in 1986,
with the eventual total reaching 47 systems. There were over
100 systems produced, with the UK’s National Air Traffic
Services (NATS) buying most of the remainder and the rest
going to many countries throughout the world.
The Watchman radar has given many years of service and has
been the mainstay of the UK MoD and others’ Terminal ATC
capability for a number of decades, but is it now past its prime?
There are many that think not. Augmented by modern SSR
systems and other technological innovations it is still providing
reliable primary radar data; arguably its capability for ATC
purposes in this respect has yet to be bettered. In addition to
this, the ability to detect non-cooperating targets will continue
to be a requirement for many locations for the foreseeable
future. So why change this?
In recent years it has become all the rage to move over to
solid-state systems. I will leave manufacturers of such systems to
extol the virtues and benefits of solid state, but it is not a
panacea. Concerns with long-term reliability, delivery of
sufficient transmitted power, the efficiency of the system and
dealing with the heat generated by less efficient solid-state
systems all fuel the debate. However, importantly for Watchman,
there is the issue of retaining the established and enviable
performance of a tried and trusted system as well as the
efficiency of replacing only those subsystems in need of upgrade
or modernisation while retaining subsystems that will continue
to serve efficiently for many years. Therefore, when considering
the options for presenting
controllers with the data
that they need to provide
safe services within their
airspace environment,
some fundamental
questions need to be
closely addressed.
The first is likely to be:
replace or upgrade?
Often, the outcome will
be dependent on two
main issues: budget and
efficiency. Certainly if
budget is limited and the
TMD PTX7602 transmitter, outside and inside
current system essentially
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provides the data required, the cards will be stacked firmly in
favour of upgrade and this option will need greater investigation.
One of the biggest influences will be that of meeting safety
requirements. In the UK the Safety Regulation Group will
require that the system demonstrates compliance or equivalence
to minimum safety standards and in doing so many other
requirements will be satisfied. Further it may be easier to argue
continued levels of safety when upgrading a system with a
proven safety record.
In most environments, including ATC, reliability is
inextricably linked to safety. When upgrading you will be
required to meet the latest safety standards. Doubtless with
today’s product and design innovation will come a level of safety
that exceeds minimum requirements and with this comes the
bonus of additional reliability. Other benefits might be that a
system upgrade will use less space, be more energy efficient, and
achieve greater spectral efficiency and accuracy. Accordingly in
upgrading an existing system customers get far more than they
anticipated. So which bits should be kept and which replaced?

SURVEILLANCE

Watchman radar. Image courtesy of NATS
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Kincardine radar site. Image courtesy of NATS

The environment within which ATC services are provided is
constantly developing and changing. Airspace is regularly recategorised; airspace Classes, routes and patterns are changed;
and obstacles appear and disappear. Civil and commercial
requirements must be balanced with the remit of the military,
both for national defence and expeditionary training. All these
factors will influence the data that controllers require and the
form in which they require it. In recent years modern exigencies
have increasingly challenged signal processors, and software and
processing developments to meet these challenges have been
significant. Consequently, in view of this and all the other
potential benefits already mentioned that come with a modern
upgrade, unless regular improvements have been made it is
likely that the receiver/signal processor will be considered
essential for upgrade.
Many of the developments in microprocessor-controlled
systems and solid-state components can be used to modernise
power supplies to provide cleaner, quieter and more reliable
power. Further, high-power transmitters contain within them

modules which require considerable power, often many
thousands of volts at high amps. In the past on-site system
engineers have been exposed to risk from this energy but
modern production methods employing silicone potting and the
provision of a remote operation capability together ensure that
operators need only be exposed to low-voltage interfaces. A lack
of availability of spare parts for ageing systems will also have a
major influence on the decision but these and the other benefits
of modern technology already highlighted will often dictate that
the transmitter be high on the list of subsystems to be upgraded.
If this upgrade employs the use of travelling wave tube (TWT)
RF amplification, there may be an opportunity to achieve a
considerable financial saving by using the existing tube in a
modern power supply and transmitter.
Developments in antenna design, in many cases, have bought
greater efficiencies by increasing gain and narrowing azimuth
beamwidth. In addition there are benefits of modern materials
such as a reduction in weight and an increase in corrosion
resilience. However where mechanical components have been
well maintained, refurbishment may be the preferred option for
antennas, turning gear and wave guides.
The technology now available to present controllers with the
data they require in a manner that is most effective and suitable
for the provision of safe air traffic services has moved on at a
great pace. Controllers are likely to want to take advantage of
this and other developments in display technology while having
SSR and other data sources working for the controller in an
integrated and holistic manner. But once again, if this system
has recently been upgraded financial savings may be made by
retaining the existing system.
Different priorities and budgets will dictate which subsystems
are and which are not upgraded, but even if the majority are
upgraded it may be a much less expensive option than a
complete new system while meeting today’s exacting
requirements. For Watchman and other S-band TWT and
magnetron-based ATC radar systems the upgrade options are
limited, but a number of ANSPs are keen to pursue them
nonetheless. To meet this demand TMD has recently developed
the PTX7602 transmitter.
The PTX7602 is a state-of-the-art, modular S-band transmitter
assembly based on a solid-state power supply and a TWT RF
driver amplifier. Its functionality is controlled by five
microprocessors and the entire assembly is designed as a formfit replacement for the Watchman radar transmitter. However it
is also just as suitable for the upgrade of other S-band TWT or
magnetron radar systems that require high output power for
optimisation of target recognition. The RF driver amplifier is
based on the highly reliable PT6055 (Mil PT6056) coupled
cavity TWT. This solution amplifies incoming RF signals from

The environment within which ATC
services are provided is constantly
developing and changing
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2.75GHz to 2.85GHz to a peak RF output power of between
50kW and 70kW (a gain of at least 50dB) at a maximum duty
cycle of 2.4 percent. The operating bandwidth of the tube is
2.75GHz to 3.05GHz.
The switched-mode power supply develops highly stable
power to minimise distortion and noise. Remote monitoring
coupled with TWT profiling enables TMD to predict the need
for cathode replacement requirements and enables customers to
schedule associated downtime. All of these features ensure that
the transmitted signal meets system design specifications and
that the received energy can be processed to provide the
controllers with an accurate, uncluttered and reliable picture
consistent with ensuring safe service provision by controllers.
The transmitter’s power supply employs the use of silicon
encapsulation, which offers very high levels of safety to
operating and maintenance engineers and removes the
exigencies that exist with oil insulation/cooling. This is further
augmented by having all human interfacing with the equipment
made at low voltage assemblies. Together these two features
ensure the very highest levels of operator safety and reduce
maintenance to the point of almost no requirement.
Ultimately all customer needs can be traced back to value,
which means providing customer requirements at a fair price.
But in addition to this, other factors, such as safety, quality and

reliability, must all be present for the customer’s capability
requirements to be met consistently. TMD strives to offer
excellent value through our team of cutting-edge design and
manufacturing engineers, state-of-the-art manufacturing
processes and equipment, mature QA processes and the highest
levels of customer service excellence. TMD has a marketing
orientated approach – we believe that the customers’ needs
come first and we strive to meet them.
Potential customers will wish to know what TMD can provide
for them. Recently, to mitigate the impact of a large wind farm
development to the south of Glasgow airfield, NATS
commissioned a dual-channel radar system to provide infill data.
The most suitable location for the system was deemed to be
Kincardine, on the river Forth 40 miles east-northeast of
Glasgow and 30 miles west-northwest of Edinburgh. The system
chosen included two of TMD’s PTX7602 transmitters. The
system is now in operational use and is proving highly reliable.
Two further systems also employing the TMD PTX7602
transmitters will replace existing systems at Glasgow and
Edinburgh airfields in Q2/Q3 2010. TMD is working with a
number of subsystem providers and together have been able to
provide a tailor-made solution for S-band ATC radar system
upgrade and system provision to meet a broad spectrum of
capability requirements within specific budgetary constraints. ❖

The PTX7602 is a state-of-the-art S-band
Search Radar Transmitter from TMD Technologies
Designed as a form-ﬁt replacement for Watchman radar upgrades
Suitable to upgrade all conventional S-band RF ampliﬁcation transmitters

...seeing beyond the horizon
A modern, efﬁcient and
highly reliable solution.
For more information visit: www.tmd.co.uk
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GATE-TO-GATE SIMULATOR
A new generation of sophisticated 3D ATC tower simulator for Latvian air traffic services
Per-Olof Kellquist, Si ATM, Sweden

In 2006 the Latvian air traffic services provider, Latvia
Gaisa Satiksme (LGS), celebrated its 15th anniversary.
Since its founding LGS has been very proactive in
upgrading its operational and simulation ATC environments in
accordance with Eurocontrol and ICAO standards. Evidence of
LGS’s commitment to meeting future training demand was the
signing of a contract with Si ATM in December 2007 for delivery
of a 3D ATC tower simulator (TSim).
The addition of this new generation of sophisticated
equipment for tower controllers complements the current
simulators supporting the training needs of approach and area
controllers, from the ab initio stages through to annual
refreshment training. The emphasis at LGS has always been on
providing a training environment that supports the most basic
fundamentals of ATC up to more advanced courses. Therefore
LGS strives to procure simulators containing the same
functionality as found in the operational environment.
Despite a decline in air traffic during 2009 due to the global
economic downturn, the future for aviation in Latvia looks
bright and a need for new air traffic controllers is imminent. In
the past LGS could not perform efficient training of tower
controllers since it had neither a modern training facility nor the
necessary 3D tower simulation equipment. Consequently it did
not have the ability to set up realistic gate-to-gate scenarios to
train tower, area and approach controllers in proper handover
and coordination procedures.
“We had primarily two goals we wanted to achieve in this
project,” comments Vladislav Chaschin, the systems engineering
manager for LGS during the project. “The first goal was to get a
new system in place that could simulate the real tower
environment in Riga International airport in a very realistic
manner. The second was to extend our existing simulator
environment so that we could get the capability to perform gate-

to-gate simulations involving tower, area and approach
controllers in one exercise.”
To meet these goals LGS had to work hard on specifying the
requirements for the new 3D tower simulator. It was important
not only that the 3D model be designed in a realistic manner but
also that the controller working position (CWP) provide the
same operational advanced surface-movement guidance and
control system (A-SMGCS) features as found in the ATC tower
of Riga International Airport. Additionally the system had to
simulate the Vaisala meteorological system, the Honeywell
airfield light control system, the Schmidt voice communication
system and part of the ILS/VOR/DME control, which is used in
the tower today.
“It was a challenging project and we tried to specify the
lighting control, weather information systems, auxiliary system
and voice communications system to be as close as possible to
the real systems used in Riga Tower. It was not possible due to
practical reasons to make it 100 percent similar but I think we
came very close,” says Chaschin.
One of the biggest challenges was to implement the
functionality from the A-SMGCS used in Riga International
airport. The airport has been upgraded several times over the
years and has today a brand-new A-SMGCS to enhance safety
and increase capacity. This was recognised by the international
community in 2007 when LGS was invited to present its
experiences from its A-SMGCS project at Eurocontrol’s annual
A-SMGCS workshop held in Luxemburg. This year Riga
International Airport received further recognition when in May
it won the prestigious Routes and OAG (Official Airline Guide)
Airport Marketing Award in Europe as the best airport in
Scandinavia and the Baltic States, ahead of other notable airports
such as Oslo (Gardemoen), Helsinki (Vanta), Copenhagen
(Kastrup) and Stockholm (Arlanda).

The future for aviation in Latvia looks
bright and a need for new air traffic
controllers is imminent
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The new terminal at Riga International Airport

The Air Navigation Services Training Centre in Riga is
involved primarily with training LGS controllers, however as it is
a Trainair (ICAO training programme) certified school it may in
future be involved in international ATC training. Robert Sviklo,
the person responsible for all operational issues pertaining to the
project for LGS, explained that the new system will be
operational starting October 2009, initially supporting the
training of LGS controllers, with the new 3D tower training
system featuring 225° visualisation.
“We will train 24 controllers this autumn and we expect that
training will be held twice every year. It is hard to say right now
the exact number of hours of training that will be needed but we
expect at least something between 12 and 15 hours for each
controller,” says Sviklo.
As the new simulator is built on the existing simulator
environment, LGS is able to reuse existing simulation plans and
the instructors can work in an environment they are used to.
Also the operational parameters can be used directly without
modification, making it easy to validate new sets, such as
sectorisation and airspace structures. This has reduced the
workload for LGS instructors and in the future LGS plans to
make gate-to-gate scenarios combining all their simulators.
“In the first step we plan to use the new simulator in
standalone form, but in the near future we will combine it with
our other simulators to create exercises involving tower, area and
approach controllers at the same time,” says Sviklo.

Challenging task for Si ATM
The now-delivered 3D tower simulator constitutes the addition
of one important link for the Si ATM suite of simulators, and it
is the missing link in its simulator range. Considering that Si
ATM has delivered a suite of simulators and operational
products to LGS used for tower, approach and area control
operations it was not a surprise that Si ATM was awarded the
contract to deliver a new 3D tower simulator. But even though
this was not Si ATM’s first simulator it may be considered as one
of the most challenging to develop.
“Realistic 3D modelling and control was very challenging and
we had to start from a blank sheet when developing these
features. For aircraft models we had to develop a realistic pitch,
roll and heading required for aircraft as well as control of aircraft
attributes such as lights and gears. Nothing of this is required in
a standard radar simulator,” says Allan Fällman, TSim project
manager at Si ATM.
Despite complications involving ATC functions prior to this
project, Si ATM had to focus on new functionality to create a
realistic 3D environment – everything from aircraft and vehicle
movements, weather scenarios and other specific incidents had
to be realistically visualised.
“Some of our 3D models use 3,000 polygons rather than the
more commonly used 1,000, and this gives some indication of
the level of detail we had to use to meet LGS 3D-model
requirements,” says Christer Schörling, CEO of Si ATM.
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The controller working position in the new Tower simulator room

Even though very high visualisation requirements were
important from an aesthetic point of view, much of the new
functionality had to be developed to control the aircraft
movement. The system had to consider aircraft landing gear, all
the various lights of the aircraft and even the possible failure of
these components. As a consequence the new pseudo-pilot
positions had to be upgraded, but all the added new features
could have potentially resulted in an unmanageable workload
for the pseudo-pilots. Therefore Si ATM had to create routeing
functionality that enabled the pseudo-pilot to quickly change or
modify an existing route while at the same time be capable of
controlling other aircraft and/or vehicles.

Efficiency in creating exercises
Not all the new functionality was aimed at controlling the
visualisation segment or improving the pseudo-pilot interface.
Creating simulation plans and exercise scenarios is often a very
time-consuming activity, and as such it was necessary for Si ATM
to emphasise developing various graphical tools that would help
speed up the exercise preparation. One celebrated function is a
feature that enables the instructor to visualise simulation plans
and edit them directly on the surveillance display.
“We have been lucky to have a customer with such a long user
experience of our simulators. Its experience has resulted in clear
requirements for creative solutions that our engineers could later
implement,” says Schörling.
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As a fairly small systems integrator, Si ATM emphasises that
the end user is the best resource when trying to specify new
functionality. Even though it follows international standards
from ICAO and the Eurocontrol agency, the core principle is to
develop solutions for the customer with the customer. Whereas
cost and configuration management reasons may force larger
companies to provide COTS packages to their customers, Si
ATM focuses on a more flexible approach that tailors specific
functions to each customer as needed.

Gate-to-gate simulator
The simulator has been cleverly developed and improved with
functionalities that address and enable training in all areas: area,
approach and tower control, and is capable of handling full gateto-gate scenarios.
“It was of course a goal for us and LGS to continue to use our
modular design with clearly separated segments. By separating
the visualisation, simulator, voice communication and most
importantly the operational segment, we can deliver the system
in various configurations to our customers with minimum effort.
Considering we use operational products as a base we are
probably fairly unique with this capability,” says Fällman.
The A-SMGCS functionality was, however, an operational
segment that Si ATM had to develop. New functionality such as
the runway safety nets (runway incursion alert), restricted area
incursion and stop-bar monitoring had to be developed to

SIMULATION

provide all the features in the current operational system
environment in the ATC tower of Riga International Airport.
An even more challenging task was the control and
presentation of weather. The same weather (wind, rain, snow,
clouds, fog, air pressure, etc) had to be presented on the
visualisation as well as in the automatically generated METAR,
MET REPORTS, AWOS, and ATIS messages on the visual display
units of the meteorological system. The same weather data also
affected the simulated aircraft, mainly the pitch and heading.
The weather data is configurable for each minute within an
exercise and, when required, can also be controllable online
during an exercise.

Next steps
Looking to the future, LGS and Si ATM will both continue to
work proactively to meet future demands. LGS is already in
dialogue with SJSC Riga International Airport to provide lowvisibility condition training to vehicle drivers in the 3D tower
simulator in the years to come.
Even though the economy has temporarily stopped traffic
growth there is an expected recovery and growth of traffic on the
horizon. It is therefore essential to provide better training
facilities that enable easier monitoring of the progress of students
and prepare them for real operative work that will, in the long

Aircraft and vehicle models

run, help avoid any future shortages of controllers. After a long
period of specifying and testing new functionality, and seeing
what were once mere requirements become reality, LGS is finally
in a position to see how it can and will meet LGS’s future
training needs. ❖
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THE RIGHT ROAD
A stepwise migration path from AFTN messaging to AMHS messaging
Tony Ghiraldo, Radiocom, USA

While ICAO has made it quite clear that the best move
for ATS is the migration from Aeronautical Fixed
Telecommunication Network (AFTN) messaging to
Automatic Message Handling System (AMHS) messaging, it is
also true that this change or upgrade is not to be taken lightly.
The diversity of member States and their ability to access the
required technology varies greatly.
This leads us to take a serious look at how this migration can
best be accomplished. ICAO has put forward two levels of
AMHS service – a simpler option called Basic, to be considered

only for transitional purposes and a more secure Extended
Service system, which has far more definite requirements,
leading to a long-term solution. The other major element to be
taken into account in this transition period is a bidirectional
‘translator’ or ‘gateway’, used as a transparent automatic traffic
converter between AFTN and AMHS.
This article puts forward why and how a member State should
avail itself of a full Extended Service system without having to
go through the transitional phase of the AMHS Basic system.
ICAO states: “It is intended that eventually the Extended ATS

The system modules normally associated with an AMHS Extended Service System. This outline shows how the individual pieces
interconnect, as well as the network and protocol structure that joins them. There are specific aspects of this structure that enable the end
user to structure the initial system configuration with a view to future upgrades and expansion
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Message Service will be supported by all ATS Message Handling
Service users, so that the Basic ATS Message Handling Service
will no longer be required.” (ICAO Doc 9880 Part IIB,
Paragraph 1.1.8.) It is clear that a Basic service can be
implemented, but it is also very clear that this system will have
to be eventually replaced in order to reach the final service level
common to all AMHS domains.

Security aspects
X.400 is the answer to high-reliability messaging and is a
requirement for AMHS Extended Service. In the Basic ATS
Message Service, the security at each AMHS system is deemed a
local issue, to be addressed by the authority in charge of the
system. However for the Extended ATS Message Handling
Service, a general AMHS security policy is implemented from
ATS Message User Agents to ATS Message User Agent, providing
the following security services:
• Message origin and authentication;
• Content integrity;
• Message sequence integrity.
AMHS Extended Service additionally requires that the ATS
Message Servers be accessed remotely by an ATS Message User
Agent. This User Agent must compulsory comply with:
• Providing Directory User Agent functionality;
• Implementing security policies;
• Include logging provisions;
• Use either X.400 P3 or P7 protocols to transfer messages.
Message transfer between Message Transfer Agents should be
in an envelope that conforms to the P1 protocol. Thus all three
protocols – P1, P3 and P7 – are an essential component to
message transfer in an Extended Service system.
It is clear that very stringent requirements are placed on
Extended Service AMHS User Agents in order to provide the
basis for a harmonised, seamless aeronautical telecommunication
network. Other protocols such as HTTP and SMTP are not able
to comply with these stringent requirements and as such are
excluded from the compliance category.
In short, X.400 Message Transport Service offers key features
that are not available with internet email, such as:
• Priority;
• Security;
• Delivery time control;
• Originator controlled characteristics such as prevention of
content conversion, prevention of content conversion where
there is loss of information, prevention of using alternate
recipients, prevention of use of distribution lists, adding
attachments to messages;
• X.400 distribution lists;
• Seven-bit vs eight-bit advantages;
• Transfer recovery.

Gateway basic operation diagram

On a daily basis, X.400 is used in a number of environments
where its additional benefits are needed, such as military,
financial data, intelligence, aviation and government. This
strengthens the case for its positioning within the structure of
ATS AMHS Extended Service messaging.

System capabilities and basic functionalities
The system is designed according to the client-server model
architecture and Open System Interconnection (OSI) reference
model. The architecture is fully modular, based on several
application services running in fault-tolerant servers (the
Gateway is executed in four different modules, as defined in
ICAO Doc 9705). Three of the modules are executed on
Windows servers and the fourth runs on Linux, on the same
server as the MTA/MS.
Two servers are provided, one to support the MTA, MS, DS,
MTCU/AMHS and AMHS components of the Gateway, and the
other takes charge of the MTCU/AFTN and AFTN components
of the Gateway. When all the ATM system has migrated to
AMHS, the second server can be reconfigured to support the DS.
In this way hardware is optimised by providing increased
storage capacity as AMHS traffic increases and AFTN traffic
decreases.
Finally, when no longer needed the Gateway can be removed
with no ill effect on the system, no service interruption and no
modifications to the existing hardware.
This system structure enables the creation of a suitable
environment for the smooth transition between AFTN and
AMHS that can be tailored to user needs and financial
capabilities.

X.400 is the answer to high-reliability
messaging and is a requirement for
AMHS Extended Service
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BASIC DESCRIPTION OF THE AMHS EXTENDED SERVICE
SYSTEM COMPONENTS
• Message Transfer Agent (MTA): Works like a post office, allowing
message delivery.
• Message Store (MS): Allows storage for messages and their subsequent
delivery it also provides indirect submission service and facilities for
searching, listing and deleting messages.
• Directory Server (DS): Allows storage and set up of an enormous variety
of information, for example addressee data, system configuration, etc.
• Gateway: Allows linking between AFTN/AMHS networks.
• AMHS Terminals: The User Agents connected to the AMHS messaging
system. They are where messages are generated, received and they host
local storage as well.
• Router: Allows the linking of different digital communication networks.
• Firewall: Used to prevent the intrusion by third parties or systems.
• AFTN Terminal: A User Agent connected to a legacy AFTN network. This is
part of the stepped approach to change.
• LAN/WAN: Local-area and wide-area networks. In this figure, the WAN
is where different messaging systems can be connected, such as remote
terminals at other air fields.
• Other elements shown are networks, such as HF networks, that can if
needed be integrated into the AMHS system network.

Specific aspects of the Basic system include:
• Routeing systems including Directory support (Extended using
distribution lists);
• Automatic diversion or message re-routeing;
• Archiving, for messages, registers statistics and alarms;
• Message recovery;
• Statistics;
• Communication with local users (using ITU-T X.400, P3 & P7
protocols);
• Communication with remote AMHS systems (using ITU T
X.400, P1 protocol);
• Address formatting and conversion (from AFTN to AMHS and
vice versa);
• Dynamic configuration (for users, adjacent MTA, AFTN/AMHS
routes, address maps, etc);
• MTA/MS and Gateway monitoring;
• SNMP Agent for network management;
• Messages generated in the AMHS environment sent to “N”
users of the AFTN world will be automatically divided in N/21
(three lines of addresses) or what the associated channel
supports;
• Message generation in the AMHS environment without text
length restriction. For message transmission to AFTN users, the
messages will automatically be divided into messages of 1,800
characters (the maximum permitted for AFTN systems)
generating N/1,800 messages;
• Storage for the whole traffic, reports, statistics, logs, etc for at
least 30 days.
Specific benefits of the Extended Service system are:
• Real recognition of message delivery from end to end;
• Unlimited length message size;
• Message content not limited to text exclusively (binary,
encrypted, graphical, etc);
• Three real priority levels according to X.400 rules;
• Message expiration according to X.400 rules.
For users that are in the process of migrating to AMHS but
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still have AFTN legacy equipment in use, integration is carried
out in the following areas:
• Flight plan processing;
• NOTAM databases;
• Airport and obstacle databases;
• OPMET databases;
• Meteorological information processor (AWOS);
• Aeronautical billing.

First steps
Having already seen the system structure and in order to build a
clear idea of why the transition is essential, it is essential to
understand in more detail how this transition can be made
smooth and free of problems.
We have heard about the Gateway and its applications in this
environment. This unit is the invisible translator that enables the
end user to mix the new system with existing legacy equipment,
in such a way that throwing away the old to be replaced by the
new need not be at start up, but can be carried out further into
the project development on a scaled basis.
• The Gateway’s mission is to convert message formats in order
to enable their correct processing between different messaging
systems.
• Every time a message is generated in an AMHS terminal and
sent to an AFTN end user, it goes via the Gateway for conversion
so that it arrives at the intended destination free of errors. The
same applies when a message is sent from an AFTN terminal
aimed at an AMHS destination. The Gateway receives it and
translates the format so it arrives correctly and free of errors at
the AMHS destination.
• Service messages for AFTN networks are generated by the
Gateway automatically.
The Gateway is made up of four basic modules that work as
the link between the AMHS mail server and the AFTN network.
• The AMHS component that receives messages from the X.400
mail server on the AMHS network and transfers them to the
Message Transfer Control Unit (MTCU) to be converted, also
receives messages from the MTCU and sends them via the X.400
mail server back to the AMHS terminal.
• The AMHS MTCU translates messages that arrive from the
AMHS side.
• The AFTN MTCU translates messages that arrive from the
AFTN side.
• The AFTN component that transfers messages between the
Automatic Message Switch (AMS) of the AFTN network and the
MTCU to be converted, then takes messages from the MTCU
and relays them back via the AMS to the AFTN terminals.

Conclusion
The Gateway is a simple tool designed to minimise the impact of
transition. Its usefulness should not be underestimated, but in
an ideal world its use will be for a limited time, until there are
no more AFTN components to deal with and the conversion
steps have been concluded successfully, leaving a complete
worldwide AMHS system in operation.
What this change really means is that we are taking a step in
the direction of positive progress, in accordance with ICAO
recommendations, leading to a safer, more efficient, better
structured and less expensive ATC environment. It is essential to
continue driving improvements in ATS messaging performance
to ensure that we meet demands that exist now and to come. ❖
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REMOTE CONTROL
Keyboard, video and mouse extenders deliver increased efficiency of air traffic controllers
and computer technology
Annette Haebel and Hendrik Mueller, Guntermann & Drunck, Germany
ATC requires the highest concentration. Limited space
and computer emissions such as noise and heat stand in
opposition to this. For the controller as well as the
computer, optimised working environments have to be created
in order to enable them to work in a highly concentrated and
precise manner. Since the demands of humans and computers
differ greatly, they should be separated from each other. The
flight controllers work in the control centre whereas the
computers are in a separate and access-secured plant room, with
the two bridged by a keyboard, video and mouse (KVM)
extender system. KVM products are also used in waiting rooms
and terminals for the distribution of information and
advertising.
In control centre and tower, KVM systems enable the removal
of computers into separate plant rooms. This not only creates
space at the controllers’ desks but also improves the computers’
accessibility for maintenance. Preventive monitoring of the
device states, event messages via network and the possibility for
multiple redundancies are more features of Guntermann &
Drunck’s KVM extenders for mission-critical applications.
A KVM extender system consists of a transmitter and a
receiver. The transmitter of the system taps the external
interfaces of the computer – the keyboard, video and mouse –
and uses the existing cabling to transmit them to the receiver in
the control centre. There the flight controller connects
peripherals and operates the remote computer in real time
without noticing the distance – completely independent of the
network. The KVM systems automatically carry out the setup as
well as the image tuning. Additional advantages of this
technology are:
• 1:1 connection;
• Real-time transmission;
• Independent of operating systems and free of software;
• Bridge distances up to 10,000m;
• High resolution;
• 1:1 performance without delays.
In the event of maintenance, the responsible IT administrator
obtains easy access to the computer. He can access the computer
through a second console located in the plant room, which is
supplied by each KVM sender. Thus the controller is able to
continue his work without any distractions. Maintenance work
can be carried out much faster and system availability is
increased.

Modular system and possibilities for combination
A special feature of the extenders made by G&D are their
diverse variants. Based on the existing cable medium (CAT or
fibre optics), the user selects the signals he wants to extend and
gets the right product from G&D:
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KVM extender pair

• Keyboard/mouse;
• Video (VGA, single-link or dual-link DVI; also multichannel);
• RS-232;
• Audio;
• USB 1.1 and 2.0.
Thanks to a power-switching component, the computer can
be remotely activated or deactivated via a key press. The KVM
components are ready for flash upgrades and provided with a
redundant power supply. All devices are available as desktop or
rackmount variants. Hence standard products can be exactly and
flexibly adjusted to the customer’s demands without a special
solution.
By combining several KVM extenders with a switch, the line
between computer and controller can be built up in multiple
redundancy and can be comfortably switched via one console.
Of course this also works if several computers at the controller’s
desk are to be switched via one console consisting of one
keyboard, monitor and mouse. This not only saves peripherals
but also space.

Safety functions
Since safety is paramount, G&D KVM extenders have several
safety features. First is the ‘screen freeze’ function, for when any
video information is lost due to an interruption of the
transmission line or a breakdown of the graphics adapter in the
computer. The system freezes the last available video
information, so the controller is still provided with visual
information about the last status of the sector until the system is
running again or a fallback is activated.
Other special safety features for mission-critical applications
include:
• Event reporting functions (e.g. for interferences, temperature,
operating condition);

SYSTEMS

• Two integrated self-monitoring power packs;
• Link control (monitoring the fibre optics
interconnection);
• Permanent monitoring of the computer video
signal with reporting function;
• SNMP and syslog messages;
• Identification LED on the front panel for physically
locating the devices in the rack.

Supported technology
Products made by G&D are not developed solely on
the drawing-board but according to the customer’s
specific requirements. That’s how so many different
variants of products have come into existence – by
giving the customers the solutions to match their
demands. Requests for customisation are considered
seriously and flow into the product-development
process. Thus products with high video resolutions
for 2K displays from Barco or pen operation for
Wacom displays can be offered, as well as extensive
security and redundancy features. From
development to end-testing everything is done by
the same team.

KVM scenarios
The demands towards KVM technology become
most evident when illustrated in several example
scenarios.

Scenario 1: 1 – computer module DL-Vision-MC2-AR-CPU. 2 – user module
DL-Vision-MC2-AR-CON

Scenario 1: Separation of computer and operation
within the tower
Required: Limited space in the tower as well as the
necessity to be able to work undisturbed by
computer noises are the driving factors for removing
all computers from the tower into a separate plant
room. Much space can be saved and the computers
are more easily accessible for maintenance once they
are removed into the new plant room. Furthermore
flight controllers will no longer be disturbed by
maintenance personnel.
Solution: All these requirements can be
implemented by installing KVM extenders. They
transmit lossless computer signals in real time over
great distances, so the flight controller does not
notice the difference. Transmission is carried out
over fibre optics. The following signals are extended
from the plant room to the tower: 2 x DVI dual-link,
keyboard/mouse, audio and RS-232. These solutions
support standard hardware in the ATC sector such as
Barco monitors and Wacom displays with pen
operation.
Scenario 2: As above plus monitoring and reporting
Required: The high safety standards in ATC also
have to be considered in this application. In addition
to the improvements of the working environment for
both controller and computer, a preventive
monitoring and event reporting system is to be
installed. This system gives the responsible IT
department the ability to gather information about
the KVM devices and automatically receive warning

Scenario 2: 1 – computer module DL-Vision-MC2-AR-CPU. 2 – user module DL-Vision-2-MC2-AR-CON.
3 – device monitoring DevCon-Center
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G&D’s CATVision, sender and receiver

consists of a computer and a KVM extender line. The
controller can switch between these systems simply
by means of pressing a button on the KVM switch.
This switch, which is installed next to the controller’s
desk, is connected to each of the three lines.

Beyond the tower into the terminal

Scenario 3: 1 – computer module DL-Vision-MC2-AR-CPU. 2 – user module
DL-Vision-MC2-AR-CON. 3 – device monitoring DevCon-Center. 4 – Switch
DVIMUX4-DL-SEC-MC2. A – primary system, B – redundant system, C – fallback system

messages about possible critical conditions.
Solution: These safety demands are achieved by integrating a
network-based appliance. This device, the DevCon-Center, is
connected to the computer modules of all extender lines and
centrally controls their system states. Depending on the event or
the defined thresholds, the DevCon-Center releases and
forwards a message to the IT administration via the network.
This active monitoring enables the administrator to react even
before an error arises.

In addition to the controller’s toolbox, G&D
provides solutions for signal distribution that switch
and extend video and audio-video for waiting rooms
and terminals. The video product line enables the
extension of analogue (VGA) and digital (DVI) video
signals and at the same time distributes them to
several displays.
The DiSign audio-video distribution line consists of a product
system with three elements – a distributor, a computer module
and up to eight receivers. The information or advertising
message can be distributed to up to eight displays at a maximum
resolution of 1920 x 1440 at 75Hz. The system automatically
carries out the image tuning.

Driven by experience and knowledge
The possibilities for combining G&D’s products are as manifold
as their variants. The KVM products adapt to existing
requirements as well as to the environment variables, and can be
easily integrated into the customer’s concept. ❖

Scenario 3: As above plus fallback
Requirement: As a safeguard against the extender line failing
despite the preventive
monitoring of the second
scenario, a concept needs to
be designed that enables the
controller to continue
working independently,
safely, easily, immediately
and intuitively. In other
words, a redundant system is
required. This system is to
be safeguarded by another
fallback system so that two
functional extender lines are
still available even if the
primary connection fails.
Solution: This requirement
can be met with the
provision of three
independent, identical
systems for each controller
desk – namely the primary,
redundant and fallback
DiSign audio-video distribution. 1 – computer module CATpro2-Audio-USB. 2 – DiSign-Broadcaster 1AV8. 3 - display module
DiSign-Con-AV2-sd. 4 – display module DiSign-Con-AV2-ld
systems. Each system
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ONE STRIKE AND YOU’RE OUT
As recent events have shown, bird strikes remain a distinct threat to aviation – but a
solution is available in the form of bird radars
Gary W. Andrews, DeTect, USA

The January 2009 bird-related crash of US Airways
flight 1549 at New York’s LaGuardia airport brought
worldwide attention to the birdstrike issue, with much
discussion on use of new technologies to reduce the risk. Bird
radars have been successfully used operationally to provide realtime, tactical bird-aircraft strike avoidance since 2003 by the US
Air Force (USAF) and the Royal Air Force (RAF) at military
airfields and training ranges, with documented records of their
success in preventing and reducing birdstrikes while increasing
airspace use.1
NASA has also successfully used bird radars since 2006 for
birdstrike avoidance during launches of the space shuttle. This
was in response to a shuttle striking a vulture during launch in
the summer of 2005, which was subsequently determined to
have caused the potential for catastrophic damage.2 Both NASA
and the military have conducted extensive validation testing to
certify the accuracy and reliability of the systems and NASA will
not launch the US$2 billion space shuttle without its bird radars
being operational.
Commercial airports – particularly those outside the USA –
are now moving forward more aggressively in deploying these
proven military technologies operationally for civil aviation to
provide more concise, timely and reliable information on
hazardous bird activity on and around the airport to bird control
units, air traffic controllers and pilots. Additionally, with the
current economic conditions in the air transport industry,
airlines are increasing pressure on airports to reduce aircraft-bird
strikes in order to minimise damage and delay costs, in some
cases going as far as filing legal claims against airport operators
to recover costs.3
Development and application of radar technology for aircraftbird strike risk avoidance has required a unique combination of
expertise in radar engineering, radar ornithology (the use of
radar to study birds), aviation flight safety, airport operations
and airfield bird control. Use of bird radars at military training
airfields is somewhat less complex than at commercial airports

as the aircraft traffic volume is generally much lower, and should
severe birdstrike risk conditions exist, the military in most cases
can ground aircraft until risk conditions pass. To apply the
technology in commercial aviation, a common sense, realistic
approach in developing procedures for operational use is needed
to improve flight safety while maintaining system throughput.
There are those who say that much more research is needed
into bird radars before we can deploy them at commercial
airports, citing concerns that we do not know if the current bird
radar technology can detect all birds, among other issues. They
are missing a key point. Just as we do not have to see every rain
drop to know it is raining, a bird radar does not have to see
every bird for us to use the information operationally and in a
meaningful manner.
First of all, various studies have already determined that bird
radars can see 50 or more times as many birds in the
environment than human observers, providing vastly improved
situational awareness about bird activity on and around the
airport. We also do not necessarily need to see every bird – only
the larger ones and flocks that pose the greatest strike damage
risk to aircraft. The currently generation of production bird
radars can already provide airport bird control staff and
managers with real-time and highly reliable information on the
current level and location of hazardous bird activity on and
around an airport, essentially functioning as a pair of electronic
binoculars that can look for birds much farther in all directions,
continuously and more reliably.
Most commercial airline pilots would say that the birdstrike
risk advisories currently provided at airports are virtually
worthless – and are therefore generally ignored – as they
typically provide only generic, never changing information such
as ‘elevated bird activity around the airport’. The ‘Hero of the
Hudson’ Captain Sullenberger stated as much at the recent US
NTSB hearing on the US Airways flight 1549 crash.
Pilots will tell you they need timely information and
specificity: current level of the risk, distance from the airport

We do not need to see every bird – only
the larger ones and flocks that pose the
greatest strike damage risk
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Aircraft birdstrike avoidance radar operating
at Boston Logan International Airport

and approximate altitude. Similarly controllers will say that they
need a usable, intuitive system that is highly automated and in
real time as they do not have the staff to continuously monitor
another system in the tower nor the skill sets to decide how
many or what kind of birds represent what level risk.
Additionally, as most airport wildlife control programmes are
understaffed, or in some cases non-existent, bird-control staff
will say that they need real-time information to help them be
where the birds are for improved efficiency, and to alert them
when and where activity is increasing. They also need a system
that will allow them to determine more accurately the current
risk level for advisories and help them know when it needs to be
raised or lowered.
Some have posited that it is necessary to detect and track
birds around an airfield with TCAS-like precision and militarylevel targeting 3D radar accuracy before bird radars can be used
operationally for commercial aviation, going so far as to suggest
that currently available bird radar systems would have been
unable to provide accurate avoidance guidance to flight 1549,
“since at 2,800 feet and three miles from LaGuardia the geese it
struck were too far away”.4
This simply is not factually correct as systems used by the
military do this on a daily basis and large flocks of geese are
regularly detected and tracked as far out as 10 miles from
military airfields. If one of these systems had been in use at
LaGuardia it very likely would have detected and alerted
controllers about the geese that brought down flight 1549.
Further, this attitude is fundamentally flawed and demonstrates

a lack of understanding of airfield operations, bird control and
aviation operational risk management. Even researchers that
have been heading the FAA bird-radar programme for the past
nine years have commented that it will take years more
development before these theoretical bird radars become
available for operational use.
What is needed is a realistic, pragmatic, cost-effective solution
to the birdstrike problem for commercial aviation – and it is
needed today. According to the US Department of Agriculture
Wildlife Services, 95 percent of commercial aircraft bird strikes
occur in runway approach and departure corridors or during
ground aircraft movement (85 percent occur below 250ft), so
focus on this highest risk zone provides the best opportunity for
increased aviation safety and near-term return on the investment
in the technology. Commercially available, production-model
bird radars currently on the market from several manufacturers
can immediately meet this need without more governmentfunded R&D. Use of these bird radars at commercial airports,
however, will require a new Concept of Operations (CONOPS)
from the ones currently used by the military and NASA, but this
does not present an insurmountable obstacle, as some of the
naysayers would lead us to believe.
The various users of bird-radar information at a commercial
airport have different data needs and objectives from the system.
Placing new systems in an ATC tower is a complex process, and
while this should be the ultimate objective, bird-radar
information does not have to go into the tower to provide
immediate results in improved flight safety and payoff in
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Bird-radar display showing the current runway birdstrike risk level for approach and departure corridors and activity on and around the airport

reduced aircraft damage costs. The most immediate beneficiary
of bird-radar technology at commercial airports is the birdcontrol staff, who can have a real-time bird-radar display in the
bird-control vehicle to provide a real-time view of where activity
is highest or developing. Additionally, bird radars already in
production are capable of automatically monitoring bird activity
by user-defined zones, giving visual, audible and text message
alerts when increased risk is detected, enabling bird-control staff
to provide concise advisories and respond immediately to
hazards before they become critical.
The most widely used bird radars today additionally include
dedicated radars for each runway that scan the runway and
flight corridors as far out as four miles, continually monitoring
bird activity in the corridor and converting it to a risk level (low,
moderate or severe) with specific detail as to where the activity
is located. Before an aircraft takes off, the radar is checked to
ensure that the corridor is clear of high-risk bird activity. The
same process is applied to landings, when pilots can be advised
if elevated activity is present in the flight corridor with precise
locational information.
As with weather advisories, the pilot may decide to continue
the takeoff or landing even if birds are present, but at the
minimum the aircrew is better aware of the risk and more
prepared for the eventuality of a birdstrike. This few extra
seconds of preparedness can be the critical difference between a
minor and major birdstrike incident. Bird radars also provide
situation awareness at night when visual observation is not
possible, and systems using new solid-state S-band radar sensors
provide reliable data on bird activity in rain and heavy fog when
X-band systems are effectively blind. The wide beam and
supplemental radar sensors in the most widely used bird-radar
designs also can support pending NextGen flight standards.
The new King Shaka Airport in Durban, South Africa, is the
first commercial airport in the world to use a bird radar
operationally. The airport is three kilometres from a European
barn swallow roost of 3-5 million birds that winter there from
October through April each year. During design, concerns were
noted about the potential risk to aircraft from birdstrikes and
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potential mortality to the barn swallow population. In 2007 the
airport conducted a market survey of available technologies and
conducted an avian radar survey to collect data on bird
movement patterns, altitudes and densities to enable it to
develop a risk assessment of the problem. In 2008 the airport
issued an open, competitive Request for Proposals for supply,
installation, CONOPS development and support for a bird-radar
system that would provide real-time birdstrike risk advisories to
air traffic control.
The contract was awarded to DeTect of Panama City, Florida,
for a MERLIN Aircraft Birdstrike Avoidance Radar that was
delivered in December 2008. The system provides controllers in
the tower with a real-time display of bird activity, delivering
automated birdstrike risk advisories that include a customdeveloped swallow risk-prediction algorithm. This installation is
the first use of real-time bird-radar information at a commercial
airport and demonstrates how the technology can be used today
for improved risk management.
The bottom line is that implementing bird radars at
commercial airports does not have to be overly complicated and
common-sense practices and approaches to the problem can
quickly yield a major reduction in birdstrike risk and payback in
reduced aircraft damage costs. The systems and procedures
already used by the military and NASA can be readily adapted to
commercial aviation to immediately improve passenger and
aircrew safety. ❖
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OLD FAITHFUL
The Sony DDM is a time-tested display with exceptional dependability and performance
Mahmoud Badeanlou, Sony Electronics, USA
Today’s modern ATC systems require a bright, nonflickering image with full colour, the ability to display
crisp text (as small as 2.5mm high), sharp lines and
accurate positioning on colour backgrounds anywhere on the
display surface. Sony met these challenges with the DDM (Data
Display Monitor) for the ATC market by offering quality,
dependability and performance.
Sony has worked very closely with major systems integrators
and government authorities worldwide for many years to
develop the DDM, which has been specified as the main radar
display in a considerable number of ATC programmes
throughout the world.
Sony DDM Service and Support was established in San Diego
in 1989 to provide repair service support to Sony DDM
customers. The Sony DDM Service group provides the
timeliness, high-quality standard and flexibility required by
DDM customers. Our personnel, equipment and location were
chosen to meet the unique technical and logistic requirements of
valued DDM customers.

Investment in quality
• Sony Engineering personnel continuously update DDM
Service staff and training.
• Factory measurement techniques are used throughout the
entire process.
• Sony employs the latest state-of-the-art technology adapted
directly from the manufacturing process.
• Complete unit tracking, tight inventory control and versatile
data reporting is provided by a fully computerised system.
• Sony’s QC department ensures that all repairs are made to
factory specification.

Sony services include

Complete CRT replacement and alignment
• Sony provides new CRT replacement at the San Diego Service
Center. Along with CRT replacement, Sony also undertakes new
modifications and preventative measures on six major boards in
the DDM.
• All CRTs are new and not refurbished.
• A two-year limited warranty for all CRT replacements is
provided to clients.

Complete repair service for all DDM series displays
• All repairs are performed at Sony by experienced factory
trained technicians under strict production conditions, quality
control and Sony guidelines.
• Sony also provides modification from 220V AC to 110V AC or
vice versa on all Sony DDM displays.
• Sony can also convert any DDM to a universal power supply.
Parts supply
• All parts for the DDM displays are available at Sony for
immediate shipping worldwide. All parts carry a two-year
limited warranty.
Technical support
• Sony provides technical support such as training,
troubleshooting, and phone support to all DDM users.
Repair and alignment service
• In addition to depot repair and service, Sony can provide onsite repair, alignment, CRT replacement anywhere in the world.
• Most repairs can be completed within two days of receiving
the parts in our depot and shipped the day after the repair is
completed with no additional cost.

FREQUENTLY ASKED QUESTIONS:
Q. Are Sony DDMs still available to purchase?
A. Yes
Q. Can I still purchase spare parts from Sony?
A. Yes
Q. Which parts are still available from Sony?
A. See table
Q. Does Sony still provide training?
A. Yes
Q. Does Sony provide on-site training and adjustment?
A. Yes
Q. Is there a dedicated group supporting Sony DDM?
A. Yes, the Sony factory team in San Diego provides unmatched support to
the DDM users around the world.
Q. How much longer Sony will provide service and support?
A. Sony has dedicated personnel for DDM support and is committed to
provide service until at least 2015.
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The big picture
The DDM represents the ultimate in Sony’s Trinitron CRT
technology. Using a 2048 lines x 2048 dots format and an
almost flat CRT, characters 2.5mm in height can easily be read
anywhere on the DDM’s large 20ih x 20in screen. Sony is widely
recognised as a leader in display technology and is fully
committed to providing service and support meeting the needs
of the high-performance display market over the long term.
Unlike LCD displays, the Sony DDM does not need recurring
and costly back-light replacements. Based on recent repair and
return records for the DDM, Sony is exhibiting a 10-year average
life for the CRT. With CRT replacement at an average cost of
under US$13,000, customers can expect many additional years
of solid performance from a refurbished Sony DDM monitor.

Conclusion:
Although newer LCD technology is being offered today, the use
of high-resolution colour CRT displays for demanding
applications such as ATC is still common. The DDM CRT offers
blacker blacks and has a proven track record for dependability
and performance. This is why many of our customers have
opted to refurbish or repair their units to keep them in service
instead of suffering the high cost of replacement with a
comparable LCD. ❖

CURRENT CUSTOMERS
Many of the original DDM users worldwide have opted to refurbish and
recondition their existing Sony DDM rather than switching to LCD display.
Some of the users who have chosen to continue using the DDM are:
• FAA (Federal Aviation Administration, USA). The STARS Program has over
1,000 DDMs in service and newly refurbished over 750 of them at Sony
San Diego;
• USAF (United States Air Force);
• NAVCAN (Canada);
• Hong Kong;
• Taiwan;
• Mexico;
• India;
• Malaysia;
• Saudi Arabia;
• Hungary;
• Netherlands;
• Indonesia;
• Costa Rica;
• Jamaica;
• Israel;
• And many more.

SPARE PARTS
DDMA PART NO.
DDMA-AD1A
DDMA-AH1A
DDMA-B1B
DDMA-CM1A
DDMA-CC1A
DDMA-E1A
DDMA-FH1C1A
DDMA-FH1M1A
DDMA-FH2C1A
DDMA-FHUC1A
DDMA-HC1A
DDMA-HVKC1A
DDMA-HVKM1A
DDMA-JC1A
DDMA-L1A
DDMA-MB1A
DDMA-M1C1A
DDMA-M1M1A
DDMA-M1S1A
DDMA-M21B
DDMA-P1A
DDMA-PWR1A
DDMA-R1A
DDMA-SC1A
DDMA-SM1A
DDMA-TC1A
DDMA-U1B
32SF3-A1 CRT

F PART NO.
F-1584-200-0
F-9376-350-0
F-9376-700-0
F-1584-170-0
F-1584-180-0
F-1584-240-0
F-1584-160-0
F-1584-140-0
F-1584-150-0
F-1595-060-0
F-1584-120-0
F-1584-100-0
F-1584-090-0
F-1584-250-0
F-1584-080-0
F-1584-070-0
F-1584-060-0
F-1584-050-0
F-9376-740-0
F-9345-380-0
F-1584-210-0
F-1584-020-0
F-1584-220-0
F-1584-280-0
F-1584-270-0
F-1584-010-0
F-9376-720-0

A PART NO.
A-1296-486-A
A-1296-641-A
A-1135-650-A
A-1335-011-A
A-1335-006-A
A-1345-796-A
A-1394-154-A
A-1394-188-A
A-1394-169-A
A-1245-583-A
A-1371-431-A
A-1394-156-A
A-1394-189-A
A-1375-079-A
A-1389-965-A
A-1477-899-A
A-1306-381-A
A-1306-390-A
A-1306-394-A
A-1301-411-A
A-1394-151-A
A-1394-155-A
A-1394-152-A
A-1355-089-A
A-1394-185-A
A-1394-153-A
A-1394-234-A
8-735-025-82
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FRU NAME
A BOARD
A BOARD
B BOARD
C BOARD
C BOARD
E BOARD
FHL BLOCK
FHL BLOCK
FHL BLOCK
FHL BLOCK
H BOARD
HVK BLOCK
HVK BLOCK
J BLOCK
L BOARD
M BLOCK
M1 BOARD
M1 BOARD
M1 BOARD
M2 BOARD
P BOARD
G BLOCK
R BOARD
S BOARD
S BOARD
T BOARD
U. BOARD
CRT

DESCRIPTION
VIDEO PREAMP & OUT.
VIDEO PREAMP & OUT.
SIGNAL GEN.
CRT SOCKET
CRT SOCKET
DEFLECTION
INPUT, RS-422A & LSP CONN., LED
INPUT, RS-422A & LSP CONN., LED
INPUT, RS-422A & LSP CONN., LED
INPUT, RS-422A & LSP CONN., LED
RS-422A & LSP CONN.
HIGH VOLTAGE
HIGH VOLTAGE
USER CONTROL
LED
M1, M2 CONN.
CPU, EE PROM
CPU, EE PROM
CPU, EE PROM
CONTROL, DAC
H.V. REGULATION
LOW VOLTAGE POWER
H. CONV., DYNAMIC FOCUS
V. CONV., PURITY
FOCUS
POWER DISTRIBUTION
FILTER
CRT Assembly

SOFTWARE

DATALINK SOFTWARE
A comprehensive suite of operational and validation software to support airborne,
air-ground and ground datalink system implementation
Frank O’Connor and Norman Stewart, Airtel ATN, Ireland

Air-ground datalink has been
identified by ICAO as an
essential component of future
ATC operations. By enabling operational
services such as ATC clearances (ACL)
and ATC communications management
(ACM), datalink can contribute to a
significant increase in the efficiency of
airspace use. To provide a datalink
optimised for each particular set of
operational conditions, ICAO recognises
a range of datalink technologies,
including VHF Digital Link (VDL) and
SATCOM. For continental airspace,
VDL Mode 2 is widely seen as the
ATN datalink end-to-end system components
preferred option.
To provide reliable services that are
usable by software applications in
avionics and ground systems, it is necessary to complement the
reality of Link2000+ and has adopted VDL2/ATN as the initial
datalink hardware with data-communications software. The
infrastructure for air-ground datalink.
function of this software is to ensure that data messages reach
Datalink specialists
the correct destination, with the correct contents and within a
Airtel ATN specialises in data communication solutions for the
reasonable time. These functions have been standardised by
aviation industry and is a recognised leader in the development
ICAO and are referred to as the Aeronautical
of ATN datalink communications software. Since 1993 Airtel has
Telecommunications Network (ATN).
implemented and validated the software required to provide
The value of air-ground datalink has been further recognised
operational ATN services. Within Link2000+, Airtel is working
by operational agencies including Eurocontrol and the FAA. In
with European ATM system integrators to deploy the essential
operationally realistic programmes such as Petal IIe,
infrastructure needed for air traffic services based on air-ground
Eurocontrol, supported by companies including Airtel ATN, has
datalink. In particular Airtel is working with Selex SI on the
proved the value of air-ground datalink in ATC operations.
deployment of the ATC datalink in support of ENAV’s LINK-IT
Through its flagship programme Link2000+, Eurocontrol has
programme and with INDRA on the deployment of NAV
pioneered the development, standardisation and operational
Portugal’s LISATM-L2K system.
deployment of ATS datalink based on VDL/ATN. Datalink in
ATN hardware and software components To provide the ATN end-toEurope is now the subject of mandate N.29/2009 from the
end communications system from aircraft to ATC centre requires
European Commission (EC). Datalink-equipped aircraft,
a range of ICAO/LINK 2000+ compliant hardware and software
conforming to ICAO SARPS, are now flying in European
components. In addition test and validation systems are needed
airspace and their number is growing steadily. VDL Mode 2 airto demonstrate the correct operation of the components and
ground networks are being deployed across Europe. Between
their inter-operability. The ATN datalink end-to-end system
now and 2013 a range of en-route ATC centres will be equipped
components can be grouped into aircraft, air-ground network
to support ATN datalink-based air traffic services.
infrastructure and air traffic services unit components.
In the context of Europe’s Single European Sky initiative, the
ATN aircraft components The datalink components may be spread
Single European Sky ATM Research (SESAR) programme,
across several avionics units. The main software components are
sponsored by the European Commission as well as European
the ATN end system, which supports the datalink applications
industry through the SESAR Joint Undertaking (SJU) has
and the ATN airborne router, which normally interfaces with a
embarked on a major R&D campaign. In the course of the
VDL radio (VDR) and possibly other air-ground links to provide
period up to 2020, SESAR will develop and deploy the nextthe connection with the air-ground network infrastructure.
generation datalinks needed for the future European ATM
Airtel, through its collaboration with Rockwell Collins,
system. At the same time, SESAR recognises the operational
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provides the ATN airborne router to support VDL2/ATN
capability on Airbus and Boeing aircraft.
ATN air-ground network infrastructure components An ATN airground network infrastructure consists of several
interconnected VDL Mode 2 air-ground networks. These
networks are operated by air-ground communications service
providers (ACSPs) such as ARINC and SITA or by ANSPs.
Each VDL Mode 2 air-ground network consists of:
• A number of VDL ground stations (VGS);
• One or more air-ground ATN routers;
• One or more ground-ground ATN routers.
Several VGSs are normally connected to each air-ground
router. Various VGS and router redundancy schemes are used
to improve reliability of the air-ground networks and for
maintenance purposes.
The ATN Router is an essential component in ATNcompliant communication networks. The router embodies
much of the functionality of ATN and is the element that
ensures the worldwide, open, transparent connectivity
characteristic of ATN. It can be configured to act as airground router, a ground-ground router or an access router.
In addition to routers, Airtel provides software components
for VGSs that can be tailored for particular implementations.
ATN ATC centre components An ATN datalink-enabled ATC
centre consists of:
• ATN access router;
• ATN air-ground datalink (AGDL) system;
• Flight data processing system (FDPS);
• Controller working positions.
The ATN Access Router connects the ATSU to the external
ACSPs ATN Network. It is normally implemented as a dual
redundant configuration for reliability and maintenance.
The ATN AGDL system is responsible for handling ATN
communications. It supports ATN communications applications
such as context management (CM), controller-pilot datalink
communication (CPDLC), automatic dependent surveillance
(ADS-C) and flight information services (FIS). These
applications provide support for the ATN services such as
datalink initiation capability (DLIC), ACL, ACM and ATC
microphone check (AMC).
There are two main types of AGDL systems:
• Datalink front end processor (DL-FEP);
• Datalink server (DLS),
The main difference between the DL-FEP and DLS approach
is where the datalink communications services are implemented.
In the DL-FEP model the FDPS implements the datalink services
(DLIC, ACL, etc) and the DL-FEP handles message formatting
and communications with the aircraft. In the DLS model the
DLS also implements the datalink services, simplifying the
implementation in the FDPS.

ATN ground validation suite architecture

Airtel’s AGDL Server software provides a Link 2000+
compliant ATN ground end-system with support for ATN
applications (CM, CPDLC, ADS-C and FIS). It provides an
interface for easy connection of the ATC datalink with the ATC
centre data processing system (FDPS). It can be used in DL-FEP
mode and DLS mode.

Test and validation software
In addition to software for operational systems, Airtel also
provides a comprehensive set of test and validation software to
test airborne and ground systems. The validation software is
built using some of the existing operational core software, so it is
representative of real operational systems.
Airtel’s ATN Ground Validation Suite software is used to test
ATN enabled ATC centre end-systems. The software emulates
airborne systems providing support for several hundred aircraft
as well as an ATN air-ground router and the emulation of an
ACSP ground-ground router connection.
The graphical interface allows initial manual validation of the

An ATN air-ground network infrastructure
consists of several interconnected VDL
Mode 2 air-ground networks
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datalink capabilities of an ATC
centre. Automated validation can be
achieved using the scripting interface
provided. The use of Airtel’s Ground
Validation Suite reduces time to
implementation and allows full endto-end validation without the need to
connect to ANSPs. In addition Airtel’s
ATN Airborne Validation Suite
software is used to test ATN enabled
aircraft. The software emulates a
ground system and is used to test
avionics ATN implementations.

database. PVDL can be operated as either a
fully interactive system engaged in datalink
activity or as a monitor-only system.
The ADS Mobile VDL (MVDL) test
platform integrates the mini-VDR, notebook
PC and other ancillary equipment into a
ruggedised case for fully portable/mobile
operation. Airtel’s Airborne ATN Validations
Software can be hosted on the MVDL
platform or on an external PC.

Future developments

The FAA’s NextGen and Europe’s SESAR
programmes will both require the addition
End-to-end validation
of new services such as D-TAXI and D-ATIS.
MVDL – aviation data systems mobile VDL test platform
In collaboration with Aviation Data
This will in turn necessitate the upgrading of
Systems, Airtel provides the option of
existing airborne and ground systems. Airtel’s
running the Validation Suite over
existing software is flexible and extensible to
VDL radios (VDRs) using mini-VDRs and ADS’s PVDL software.
support such a growth path, for example, an experimental DThe mini-VDR is a low-power VHF transceiver designed for test
TAXI air and ground implementation has already been trialled
environments using the latest in DSP and FPGA technology.
using the software. The operational deployment of ATN
The ADS Portable VDL (PVDL) software application provides
networks is thus supported by a range of validated hardware
VDL Mode 2 protocol emulation (aircraft and ground station)
and software technologies, ensuring a smooth transition to
with strong and meaningful graphics displays and logging
operational datalink-based air traffic services. ❖
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October 4-7, 2009
Gaylord National
Resort and
Convention Center
on the Potomac
National Harbor, MD

ATCA’s 54th Annual Conference and
Exposition
Five Reasons Not to Miss the Largest Air Traffic
Control Conference in North America
• New venue with larger, improved Exhibit Hall
• Three days of Networking Opportunities
• Keynote address by new FAA Administrator, The
Honorable J. Randolph Babbitt
• Glen A. Gilbert Memorial Award Winner, The Honorable
Alan McArtor, Chairman of Airbus Americas, Inc.-Banquet
the evening of October 7th
• NextGen sessions including integration, implementation,
benefits to the users, safety and efficiency, security
All session topics available at
www.atca.org- check weekly for updates
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STAFF PLANNING
An innovative staff planning tool for ATC that is able to cope with the challenges and
complexity of producing staff schedules while improving job satisfaction for controllers
Martin Koch, ATS-Data, Denmark
After 10 years of research and testing of new techniques,
controllers at Naviair, Copenhagen, have completed
development of a web-based computer tool that
supports ANSPs in all types of staff planning, meeting
requirements including ESARR5, national work rules and local
agreements on working practices.
The EuroPlanner System provides internet services enabling
controllers to enter their manual preferences and leave requests.
The roster module considers ATC staffing requirements,
meetings, refresher courses, part-timers, ratings, etc and creates
a complete schedule for 100 controllers accommodating all
constraints within a couple of minutes.
Rosters can be subsequently published on the internet, sent
by email and made instantly accessible via a PDA, including
statistical information, e.g. working hours and operational
licence validation. Supervisors can use the EuroPlanner System
to make last minute changes and create alternatives in case of
illness. Automatic mobile text messages are used to call in
standby shifts to cover absence.
The BreakPlanner combines available staff with sector
configuration and traffic flow. What normally took many hours
and much paper is now possible to solve in just seconds. It is
the first time that an ATC staff planning tool has been developed
by controllers.
Having a limited number of employees is a continuous
problem for many ANSPs, and overview and efficient planning is
thus crucial. The system’s ability to perform fast simulations and
precise what-if sessions provides excellent support if you wish to
forecast on a medium-term basis. At present the EuroPlanner

modules provide daily service to more than 1,000 controllers in
five different countries.

BiddingSystem

RosterPlanner
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Modules
BiddingSystem. This enables controllers to enter their leave and
bidding requests on the internet. At an agreed deadline data is
transferred automatically to RosterPlanner. What used to take
lots of time and paper is now possible in seconds. Deadlines can
be flexible or automatic. There may be two deadlines per year
for leave and 12 for biddings. When a request is granted, the
bidding system automatically displays the new state.
BiddingSystem keeps track of all staff leave day accounts.
RosterPlanner.This produces preplanned rosters that instantly
indicate if you can meet the current requirements in the
database. It takes eight seconds to produce a preplanned roster
for one month covering 100 people. The module automatically
completes the roster while distributing the demand of
operational shifts and building acceptable cycles, considering
fairness, staff ratings, leave and biddings, and all national and
local working rules. RosterPlanner allocates 1,000 shifts within a
couple of minutes. Use RosterPlanner to perform what-if
sessions and simulations on the cost/benefit and consequences
of introducing new shifts, new cycles or a new setup of staff and
teams.
DutySwap. Nowadays ATC employees expect service tools such as
internet access, automatic email and SMS to be a natural part of
a modern company. Staff satisfaction is really one of the
keywords today. DutySwap provides online service including
‘controllers’ ebay’, a web-based marketplace where operational

SOFTWARE

DutySwap

OJT Planner

shifts can be swapped. The module transmits confirmation
emails to all involved persons. The DutyClearing section
displays the current swapping status for each controller.
OJT Planner. Another complex task is allocation of OJT coaches to
trainees. EuroPlanner provides a special feature for this by
displaying the schedules of relevant coaches, including their
current ESARR5 training validation. Simply clicking the system
creates a matching trainee roster followed by an automatic email
to the trainee, his coach and, if required, to the supervisor and
the academy administration.
StatusChecker. This is the publisher module on the internet that
contains published rosters. It also shows all swapped shifts
together with a complete swap history, providing full
documentation of all changes. Licence validation plays an
important role in any ATC system. ESARR5 status requirements
are particularly complicated to adhere to. StatusChecker displays
the current balance and shows an alert if the number of
operational shifts is close to the minimum.
Check-In. This is the day-based OPS-room presentation for
supervisors. The module provides an overview of staff on sectors
and in other ATC units such as TWR, Ground and Briefing.
Check-In is also where last minute changes are made and where
registration of absence takes place. Coaches are displayed with
their trainees. If a supervisor needs to call in extra staff, he clicks

a button that instantly searches the central database and
transmits an SMS message to the relevant controllers.
BreakPlanner. Many hours are lost every day around the world
making break plans for ATC personnel. BreakPlanner frees
resources and what normally takes hours by hand can now be
done in less than a minute. Break plans for ATC personnel are
built based on a wide range of custom parameter settings, staff
availability and user-defined sector configurations. Every day
supervisors spend hours doing break plans, spending valuable
time and resources on something that now can be replaced by
an efficient software solution. BreakPlanner is an important tool
to support supervisors in allocating staff to working positions.
If unpredicted weather conditions, such as CB-activity, force
you to open an extra sector, the consequences will be visible
instantly. The BreakPlanner takes the workload off of the
supervisors and frees up resources. The program is able to
generate break plans on demand and deals easily with lastminute changes, which is mandatory in the dynamic and often
complex world of ATC.
TrafficPlanner. This provides flow managers with a perfect
overview of the future traffic situation using detailed flight
information and a previously unmatched accuracy. TrafficPlanner
calculates the workload impact for each working position, based
on traffic load and complexity calculations. Adjustable

StatusChecker

Check-In
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BreakPlanner

TrafficPlanner

parameters such as weather conditions, flight data, military
activity and conflict detection are calculated by the system.
TrafficPlanner features intuitive traffic monitoring in an easyto-use layout, including:
• Online radar screen – showing moving predicted air traffic;
• Complexity levels in colour graphics;

• Sector load figures in colour graphics;
• Optimal sector configuration suggestion.
Integrating TrafficPlanner with BreakPlanner provides the user
with automatic optimal sector configuration suggestions, taking
staff situation into consideration. TrafficPlanner is designed for
core traffic areas. ❖

Staff Planning Made Simple
Be inspired ...

Check-In

<<

ACC EAST

11 (-1)

APPROACH

Y AAABBB CCC DDD
M EEE FFF GGGHHH--E JJJ KKK
O LLL NNN OOO TTT
A PPP QQQ RRR SSS

WEDNESDAY
23 JANUARY 2009
07:38 LOCAL TIME

ACC WEST

6 (+1)

Y AAABBB CCC
M EEE FFF GGG
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A PPP QQQ

APRON
Y AAABBB
M EEE FFF
O LLL NNN
A PPP QQQ

9 (+1)
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M EEE FFF GGGHHH
UUU
O LLL NNN OOO TTT
A PPP QQQ RRR SSS

COIF / FDA
4
M EEE FFF GGGHHH
O LLL NNN OOO TTT
A PPP QQQ RRR SSS

TOWER

>>

8

Y AAABBB CCC DDD
M EEE FFF GGGHHH
O LLL NNN OOO TTT
A PPP QQQ RRR SSS

SUP

MIL

4

Y AAABBB
M EEE FFF
O LLL NNN
A PPP QQQ

2

M EEE FFF
A PPP QQQ

4

EKRK
Y AAABBB
M EEE FFF
O LLL NNN
A PPP QQQ

4

EKBI

5

Y AAABBB
M EEE FFF GGG
O LLL NNN
A PPP QQQ

Developed by Air Traffic Controllers
Bidding

Roster Planning

OJT Planning

Check In

BreakPlanner

Flow from A-Z
Leave Planning

Duty Swapping

Contact : Integra - Michael Silau - oms@integra.dk - +4522666120
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StatusChecker

Check Out

TrafficPlanner
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SAFE AND SECURE
How much data do we really need to store and in how many locations?
Martin Clemow, Precision Applications, UK

The recording of ATC communication and surveillance
data is both a legal requirement and vital to the
thorough and exhaustive investigations of any
incidents that may occur either in the air or on the ground. The
purpose of these investigations is twofold: to determine the
cause of the incident and to identify any changes or
improvements that may be made to prevent a similar incident
happening again in the future. To be of any use, the recorded
data must be readily available and easily accessible whenever
and wherever it is needed. Furthermore it must be recoverable
exactly as it was when it was captured, it must not have been
altered or corrupted in any way and it must be complete and
continuous. This means that next to black box flight recorders,
the recording of ATC communication and surveillance data is
probably the most demanding recording application.
The minimum requirements for the recording and retention of
ATC communication and surveillance data are clearly laid down
in the ICAO Standard. These minimum requirements must be
achieved but anything in addition should be carefully considered
to ensure that the recording system does not become overly
complicated and that the most efficient and effective solution is
obtained.
In the case of communication data the equipment must be
designed to ensure the uninterrupted availability of
communications recording for a minimum period from the date of
the last recorded message. In order to guarantee uninterrupted
availability, some redundancy must be built into the recording
system to ensure that the information can be recorded when
failures occur within the system. In the case of surveillance data,
the source data, whether plot extracted, analogue or IP, and the
data to the display screen(s) have to be recorded and retained for
a minimum period.
The most important question to ask is: How much data do we
really need to store and in how many locations? In many cases
data is stored simply because it is possible to do so.
The most efficient and cost-effective ATC recording system is
one that meets or exceeds all the minimum regulatory

CMS recorder status screen

Veristore voice and data recorder

requirements using the least amount of hardware while having a
comprehensive management system. The range of recorders
offered by Precision Applications has been specifically designed
for use in a modern ATC environment. The Veristore Voice and
Data Recorder is a hardware-based, rather than a software-based,
recorder. The recording engine is a dedicated signal processor that
runs ‘static code’. It has no run-time loaded functions and is
designed to run with unchanging hardware. This is not a claim
that can be made by Windows-based systems.
Each Veristore Voice and Data Recorder may be configured to
accept from one to 128 audio channels and from one to four
channels of surveillance data. The rolling store within each
recorder may be configured to meet the minimum data-retention
requirements of the relevant international regulatory body. Two
identical Veristore Voice and Data Recorders are supplied in each
recording system and they mirror each other to provide 100
percent redundancy. The provision of two mirrored recorders
ensures that no data is ever lost on account of switch-over issues
when a fault is detected, and the storage of two sets of identical
data in different locations simplifies the process of recovering data.
The Veristore Screen Recorder captures data at rates of up to 15
frames per second with either VGA (maximum 2k x 2k) or DVI
(maximum 2,560 x 1,600) screens. This data is then stored in a
rolling store, which once again may be configured to meet the
minimum data-retention requirements of the relevant
international regulatory body. If redundancy of this
data is a requirement an additional recorder may be
provided and configured to mirror the original
recorder in exactly the same way as the Voice and
Data Recorders are configured.
It can therefore be seen that all of the minimum
requirements may be met or exceeded with standard
Veristore Recorders without the need for any external
storage. This not only achieves a cost-effective
solution but also greatly reduces the risk of failures
caused by system complexity, both in terms of
hardware and system integration issues.
Typically modern ATC recording systems have a
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Synchronised replay of audio, plot extracted radar and radar screen display

number of recorders, possibly situated at different locations. With
these recording systems becoming increasingly complex, it has
become apparent that a Centralised Management System (CMS) is
essential to monitor, control, access and replay the data from one
central location. The primary function of the recorders is to
continuously capture and record data, 24 hours a day, 365 days a
year, without interruption. It is therefore fundamental that any
external influences do not have any effect on the recording
function. As the Veristore Voice and Data Recorder is a hardwarebased recorder the interface PC, which communicates with the
CMS, has no direct access to the recorder operating system or the
stored data. The recording function always takes priority and is
independent of any external commands. Once the data is stored it
is impossible for it to be modified or corrupted.
The main purpose of having a record of all this data is to enable
any incident, however serious, to be thoroughly investigated. It is
therefore imperative to be able to retrieve and replay all the
available information to enable a perfect reconstruction, at the
time of the incident, to be generated. This demands a number of
issues to be resolved. First of all the relevant data has to be
accurately located, which will involve searching for the
information on a number of recorders. Once located, the data
from all these recorders has to be replayed in perfect
synchronisation to ensure that the timing relationship between
each of the types of data is accurately maintained. It would be of
no use at all if either the voice conversations or the radar data
were displaced in time from each other or from the view of the
controller’s screen. In order to achieve this, the data must be
accurately time stamped, preferably with an external clock source,
when it is recorded. In the case of the Veristore range of recorders,
all the data, irrespective of the source, is packaged into onesecond blocks with each block time stamped prior to recording. It
is these time stamps that are used to locate the data for replay.
The user selects the time at which he wishes the replayed data
to start and the types (sources) of data that are required. When all
the data has been located it is transmitted from each recorder to
the CMS for storage in file format prior to synchronous replay or
transfer to archive, Quarantine Store or removable media. The
original recorded data is not affected in any way and remains in
the recorder’s rolling store until it is overwritten at the end of the
configured data retention period. The data retrieved from the
recorders may be copied to removable media, e.g. 2.5in mini-
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drive, memory stick, CD/DVD, etc, and may subsequently be
replayed at a remote location using the Veristore Replay Software.
Smaller files may also be saved in .wav format, or emailed, for
replay by standard Windows media players.
The Quarantine Store is a secure location where replay files can
be stored prior to the analysis of an incident. The data in these
files must be exactly the same as the data stored on the recorders.
This is essential to ensure that the analysis of any incident is
conducted using information reconstructed from the actual data
available at the time of the incident. It is not possible to alter,
delete or corrupt the information in the Quarantine Store and it is
considered to be the Master Source of data required by the
Regulatory Body or any other interested party analysing the
incident.
The security of the recorded data is paramount and the CMS
uses multiple level passwords to enable a hierarchy of security
levels to be generated. This ensures that only predetermined
access to the CMS and the recorders is available. Security
procedures can be maintained at all times to ensure that the
integrity of the Recording System and the recorded data is not
compromised. It is also important to know when any data has
been accessed and by whom. All activities at the CMS, including
the instigator of any command or status request, are logged in the
System Log, with the appropriate time tag, such that a complete
and accurate status of the Recording System is generated and
maintained. Interrogation of this log will enable a full history of
the recorders and the recording system to be determined.
It has been shown that a fully compliant ATC recording system
can be implemented by Precision Applications using standard
recorders with a CMS. No additional mass storage or archive
facilities are necessary because all the storage requirements can be
met by the recorders’ internal storage. However it is possible that
larger installations, which may have a number of groups of
recorders, each with their own CMS, will have a requirement to
store the data in a single central location to enable multiple user
access for replay and training purposes.
The same question should be asked again: How much data do
we really need to store and in how many locations?
From a technical viewpoint, the storage of data, however great,
is no real problem in today’s environment. However the cost of
this storage facility can be considerable. It is not only the cost of
the hardware that has to be considered but also the costs involved
with system design and integration. Multi-terabyte storage systems
are readily available and as the storage density of the majority of
available media increases so will the capacity of the storage
facilities. However the more data that is stored, the greater
demand there is for its management. Multiple storage systems
have to communicate both with each other and with the original
source of the data, generating the need for a system hierarchy.
Copying the data needs to be strictly controlled with extensive
checks being made to ensure that nothing is corrupted or lost
during the copy process. Finally the data must be uniquely tagged
to ensure that it can be located quickly and accurately. It is not
overly difficult to achieve all these requirements but there are cost
penalties. The development of the management system, the
writing of the operating software and the time involved to design,
develop and test the system are just some examples of overheads
that have to be considered.
It is therefore important to pay close attention to the design of
the system from the outset. The purpose of a central data-storage
facility is to provide a source of data that can be simultaneously

SYSTEMS

accessed from a number of workstations. It should not be
considered as a prime storage facility because all the original
source data will always be held on the individual recorders until it
is overwritten at the end of the configured data retention period.
This is a very important security feature because the failure of a
single mass-storage system could cause the total loss of all the
recorded data. With the source data distributed across a number
of recorders, it is almost inconceivable that data will be lost
because it would need the simultaneous failure of two recorders to
cause the total loss of any data. At most a central data-storage
facility should only be considered as a back-up storage facility for
the recorders. With this in mind, it is best if the capacity of the
central data-storage facility is limited to a realistic working
minimum size, without compromising any of the data, to keep the
system cost-effective.
To summarise, the cost of data storage can become a dominant
factor in any ATC recording system, irrelevant of the size and
complexity of the system. It is therefore imperative to consider the
requirements for the quantity of data to be stored and the period
of time it has to be stored. Once this is known, the optimum
method of achieving these requirements can be determined.
Ideally the recorders’ internal storage will be sufficient because
that will obviate the need for archiving to external media. If this is
not the case, the minimum external storage possible should be

Replay screen

employed. In all instances additional redundancy and back-up
storage should only be introduced where it is considered essential
for operational reasons. ❖
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SPEAK EASY
A new distributed communication system simplifies communication to remote sites and
distant aircraft
Ralf Jerltorp and Søren Bach Sørensen, Ingenioerfirmaet H. Mortensen, Denmark

Some of the challenges in running a business within
modern aviation are keeping overall costs as low as
possible and making the most out of the equipment
available. This means that if you are able to shorten ground
stops and make the communication between the parties
involved in handling an aircraft during ground stops more
effective, then you will be able to optimise the use of your
equipment and personnel, which again will bring the most out
of your investment.
In light of the above, a way to establish a more efficient
communication system would be highly appreciated by many
airlines around the world. Establishing such a system would be
very easy if only it were possible to change all the types of radio
communications equipment used within aviation and for
communication within airports into one common technology. If
this happened it would be simple to establish communication
between aircraft and ground-handling personnel.
Another challenge would be to decide on the type of
communications technology to be used within such a unified
system. Should such a system use satellite-based
communications in order to be able to obtain good voice quality
over long distances? Or should one revert to HF
communications equipment, which can provide a long-range
communication path directly but with less quality due to
frequency and adverse weather conditions, which influence this
type of communication?
Some airlines are of the opinion that a communication system
that can be designed in a very flexible way, and which at the
same time can bridge some of the communications technologies
used today and incorporate then into one network, will be a
solution to these issues.
Based on enquiries from an airline having this opinion,
Danish company Ingenioerfirmaet H. Mortensen (IHM) has
designed a communication control system that is able to provide
the various communication paths necessary for more efficient
communication within modern airlines.
IHM has designed a communication system based on
equipment used within airline communication today, as it is very
difficult to install additional communications equipment in most
aircraft as they are already heavily equipped with VHF AM
radio, HF radio, SATCOM equipment, etc, and maybe even
several units of each type. Another reason for airlines to avoid
the installation of new communications equipment is that it
would require a revised approval for each aircraft.
The airline that was approached IHM had written a
specification in which it was specified that the operators at a
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central control centre in the airline’s operation and maintenance
centre should be able to communicate not only with the aircraft
crews in the vicinity of the central control centre, but also with
aircraft in the approach to or departure from 23 airports out of
the 56 airports the airlines services. Further it should be possible
to establish communication with an aircraft when it is within the
coverage area of VHF AM radio stations working on the
company frequency and installed in the airports.
As well as being able to obtain communication to aircraft at
remote destinations, the airline was also interested in being able
to establish communication between the operator at the central
control centre and the various groups of personnel who were
involved in ground handling of the aircraft.
In order to make the communication system more efficient,
the airline could see an advantage in the system being able to
establish a communication path between the VHF AM radio
used in the aircraft and the VHF FM radios used for the land
mobile radio (LMR) services in the airports. The main reason for
this would be to enable the crew to speed up ground handling
by providing involved parties at the airport with all necessary
information if the aircraft were late arriving.
IHM designed a system based on making use of one of the
company’s larger communications switches, the COM4500, as it
is able to handle communication to the various types of radio
communications equipment installed at the local site as well as
in the remote airports.
At the central control centre two operator positions, from each
of which it is possible to handle the communication to all the
sites forming the system, have been established. Interconnection
between the central communications switch and the fixed
installed radios at the remote sites has been established by
making use of voice-over-IP communications circuits. These
circuits have partly been made available through the airline’s
own LAN/WAN IP network and partly by making use of circuits
established through virtual private network (VPN) connections
within the public internet.
At the remote airports IP interfaces have been provided to the
local fixed installed VHF AM radio station providing
communication to aircraft at the airport, or approaching/
departing from the airport, as well as to the local VHF FM radio
base station that provides communication either direct to the
local ground-handling staff, or a radio subscriber set forming
part of a larger radio network when installed as a part of the
communication within a larger airport.
The system makes it possible for operators to initiate calls
directly to the company’s aircraft almost independently of where
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the aircraft is within the jurisdiction of the geographical area the
company is servicing. At the same time operators are able to
initiate calls to LMR subscribers within each of the airports to
which the aircraft are flying.
When a call is initiated to an LMR subscriber in one of the
airports, the call can be initiated either as a call that can be
heard by all the LMR subscribers in the airport, a selective call
that addresses only the subscriber with whom the operator
wishes to be in contact, or it can be a call executed through a
subscriber radio station forming part of a larger LMR system.
The latter is only used when the system installed in the airport is
a trunking system or similar.
When the called radio subscriber attends to the call,
conversation can take place. Whereas the conversations in
trunking systems are terminated either by the operator or by a
timer installed in the equipment, conversations established
through an LMR system can be going on for a longer period of
time as the channel very frequently is kept open to monitoring
the discussion.

The system in the same way makes it possible for LMR
subscribers as well as aircraft crews to initiate calls to the central
control centre. The LMR subscribers are able to initiate this
conversation path by transmitting a selective call code, which
when received at the central control centre will activate an
attention tone for the operator to hear that a call has been
received. When the operator attends to the call, conversation
can start.
Communication between ground personnel in two airports is
under normal circumstances carried out through ordinary fixed
telephone lines, or alternatively by using mobile phones.
The IHM system makes it possible for ground personnel in
one airport to establish conversations among one another. In the
same way it is possible for ground personnel in one airport to
initiate a call to a person in another airport by simply
transmitting the selective call code corresponding to the person’s
ID (as in a trunking system), or by requesting the operator to
establish the call. Which option to be used should be decided by
the airline.

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010 151.

SYSTEMS

As selective calling systems are not being used on the VHF
AM equipment for ground-to-air communication, it has been
necessary for IHM to invent a calling procedure that can
instigate this way of establishing a conversation. When the
aircraft crew presses the PTT button on the hand microphone a
specific number of times within a certain interval, the
conversation path to the central control centre is established
automatically and the operator is alerted by an attention tone. In
this way the aircraft crew can feel sure that the call will get
through to the central control centre if they are within the
coverage of a VHF AM radio base station.
Conversations from an aircraft to ground staff can easily be
established as the only thing the crew has to do is to press the
PTT button on the microphone and call the ground staff in the
airport. As soon as the crew member presses the PTT button the
conversation path is established and conversation can take place.
This also means that when a conversation from an aircraft to the
central control centre is established, it is possible for the ground
staff to listen in on the conversation, as in conference call.
Depending on the height at which the aircraft is flying, it may
be possible for the transmission from the aircraft to reach several
radio base stations on the ground at the same time. Under
normal circumstances this will create problems in the
understandability of the audio signal, and therefore the

communication with aircraft at a very high altitude or in areas in
which the density of radio base stations is high could be a
significant problem.
In order to overcome this problem IHM has built-in a
Diversity Selection facility (Voting System) into the system. This
Diversity Selection function selects the audio signal from the
radio base station that receives the strongest RSSI signal from the
aircraft. The RSSI value measured by the radio receiver is made
available to the radio base station controller in an analogue or
digital (BCD) format, and based on the values of these signals
the selection of the radio base station is carried out. By making
use of the Diversity Selection facility only the audio from the
ground receiver with the strongest signal, and in 99 percent of
cases the highest-quality signal, will be heard by the operator.
The presently installed system has in several occasions proved
its worth, among others in connection with the shortening of
ground stops, as it has been possible to align all involved parties
to service delayed aircraft shortly after they have arrived at the
gate, or in situations in which it has been necessary to redirect
aircraft to another destination for any reason.
Further it can be seen as an advantage that a conversation
path between the aircraft/ground staff in one airport can be
established with an aircraft or ground staff in another airport in
order for them to exchange information directly. ❖

Responsible for flight logistics and the daily
challenges in communications ?
Do you wish to be able to establish communication with a specific plane or your ground
staff in a specific airport anywhere within your jurisdiction simply by pressing a button.
Or do you wish to enable the crew on a plane or the ground staff from within your
jurisdiction to be able to call you by a single key pressed.
IHM is able to offer a solution which makes these wishes come through,
and this even at a reasonable investment
and at future low running costs.
The IHM solution is build upon using
conventional PMR mobile radios for
ground staff and a VHF AM radio tuned to the company channel for
communications towards your planes. At the Control Centre you will get
a Touch screen for easy and fast operation.
All sites and the control centre are interconnected through an IP network
(Company owned LAN/WAN, an MPLS network or even the Internet).
For further information please contact

IHM P/S

Vandtaarnvej 87 - 2860 Soeborg - Denmark Telephone +45 3966 3131 - Telefax +45 3966 1445 E-mail: info@ihm.dk - http://www.ihm.dk
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THE MORE THE MERRIER
Multisensor tracking for the ADS-B and radar environments
Jaime Lima, Telephonics, USA
Automatic Dependent Surveillance – Broadcast (ADS-B)
has emerged as a key technology in civilian ATC systems.
For the first time accurate data downlinked from
airborne navigation systems can be used with remote/
observational sensors such as radar and multilateration, enabling
on-ground sensor processing systems to create richer and more
accurate pictures of the current and near-future aerial situation.
The optimal processing of information received from very
different types of sensors requires advanced track correlation,
fusion and smoothing technologies.
Multisensor trackers work better when they understand the
physics behind each type of sensor. In order to make effective use
of all sensor data available, trackers must be properly engineered
so that their underlying sensor mathematical models will be
able to handle subtle differences between observations from
diverse sensors.
Telephonics AeroTrac multiradar tracking technology has been
designed to accommodate diverse sensors and to provide the
most accurate air situation picture based on multiple-sensor data.
It has proved to be capable of processing virtually every type of
radar tracks and generating consistent output. It is also a robust
solution, a proven technology used for years in the ATM market,
successfully handling input from a wide range of radars, from
very old to newer, state-of-the-art equipment.
AeroTrac includes the Telephonics Multi-Sensor Tracker (MST)
as an element of the Sensor Data Processor (SDP) and the latest
release is able to process and fuse ADS-B and multilateration
input with radar data to provide a more accurate track.
Controllers require a complete and accurate air situation
picture in order to effectively and properly monitor air traffic
separations and maintain air safety. A complete air situation
picture is dependent on the capabilities of the ATM automation
system to use as many sources of position reporting systems
simultaneously, including radar, voice reports and/or automatic
dependent surveillance (ADS). Consequently the more data
samples used, the better the results will be, since the use of
several sensor sources simultaneously for monitoring airspace is
statistically more accurate than using only one data source.
Telephonics has successfully installed and demonstrated that
its AeroTrac MST algorithms and processing are more accurate
and reliable than monoradar tracking, as well as other multiradar
tracking techniques. Based on installed, operational experience,
the benefits of the Telephonics MST are as follows:
• The Telephonics MST optimises the use of radar positional
measurements by minimising any tracker-introduced uncertainty
to the measurement. This allows the MST to provide enhanced
and exceptional tracking performance.
• The MST is designed for minimisation of positional
measurement tracking-induced errors, and reduces differences
between estimated and true positions and track velocities. In
turn, this also allows the Telephonics MST to minimise track

smoothing and thereby, minimise lags, which permits earlier
detection of target manoeuvres, resulting in fewer track losses
during manoeuvres.
• The MST’s improved positional accuracy enhances the air
situation picture for controller monitoring of separation in
approach and ACC en-route applications, enabling the use of
both terminal and en-route separation standards within the same
system context.
• The MST’s improved positional accuracy enhances not only the
air situation picture for controller monitoring of separation, but
also has an improving effect on safety aids to controllers such as
minimum safe altitude alerting, conflict alerting, restricted area
intrusion warning, and flight conformance monitoring, which all
depend on high-quality position data.
• The MST provides cost benefits to the user by readily
interfacing to existing and new radars through its modular and
open architecture input data message definition functions.
• The MST allows simultaneous use of all sensor inputs, without
the need for mosaic techniques, thereby improving overall
surveillance coverage, minimising coverage gaps, improving
reliability, and improving controller’s situation awareness.
• The MST easily integrates ADS and voice data position reports,
with or without radar, within the MST’s WGS-84 based
coordinate system. The integration of highly accurate ADS data
reports can enhance the positional accuracy already provided by
the MST for radar processing.
• As a by-product of its unique Sensor Fusion Process, the MST
provides automatic radar registration and bias corrections that
continually reduce systemic errors that occur over time. This
greatly assists in maintaining superior performance and reducing
system maintenance.

Fundamentals
In most typical air surveillance radar systems, radar data is
provided in the form of plot data where each plot consists of a
measurement of target range and azimuth and sometimes, height.
Radar plot data is usually formed by the radar’s local digitiser/
extractor, which converts radar returns to digital plot messages.
Local radar performance is usually tuned locally with the radar
analogue and digitiser equipment to obtain desired performance
in terms of detection and false alarms. Radar measurement errors
are an inherent fact of life and are dependent on the radar design.
Typically errors in the azimuth measurement are greater than
errors in range measure, forming an ellipsoidal statistical
measurement uncertainty area about each plot.
A tracker is basically a prediction system that attempts to
estimate the next position of targets based on the history of plots.
To do so the tracker will compare plots received from sequential
radar scans and determine if plots are related to the same target.
If so determined, the tracker will develop dynamic measurements
of target heading and velocity and estimate the next target
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Figure 1: Types of multiradar tracking methods

Figure 2: Multisensor fusion tracker block diagram

position. Additional plot data such as height (SSR Mode C, etc),
aircraft identification/callsign, and/or military mode codes can be
used by the tracker (if the code data is deemed valid) in its plot
comparison to relate plots scan to scan. In a single radar
(monoradar) situation, a tracker can be easily visualised; the
problems become more complex in a multiple radar
environment, requiring a more sophisticated tracking approach.

Other types of multiradar tracking systems include centralised,
hybrid, and distributed-tracking systems. In these types of
systems all input radar or sensor data is used in varying
techniques, with varying results. In the centralised multiradar
tracking approach, all inputs are processed by a central tracking
process. A shortcoming in centralised MST is that all sensor- or
radar-related characteristics and specifics are lost by centrally
combining raw positional plot data.
In addition the tracked output of more recent types of radars
and sensors such as GPS-based ADS-B/ADS-C are more difficult
to combine with traditional sensors. Specialised techniques have
been devised to accommodate such problems but doing so
requires more computer processing power as well as more
complex software and system maintenance.
The hybrid multiradar tracking technique is a combination of
sensor-level tracking and mosaic tiling that falls short of
combining all radar data prior to generation of the air situation
picture. It is a mosaic of individual mono-radar trackers and
therefore offers little benefit above a basic mosaic tracker.
In a mixed sensor type environment (e.g. radar plus ADS-B)
the multisensor fusion approach has the great advantage of
handling the relative sensor accuracies in a very natural way.

Background
There are several techniques in use today called ‘multiradar
tracking’ or ‘multiple radar tracking’, as illustrated in Figure 1.
The only qualifier to have the label of multiradar tracking is that
the system supports inputs for more than one radar sensor.
However most surveillance system designs do not actually make
full simultaneous use of multiple input radars or sensors and are
therefore not truly qualified as multiradar tracking systems. Some
systems will only process one radar or sensor at a time and will
not process all sensors or radars simultaneously. Some use a
scheme of grids to specify which radars are to be used to provide
positional data. Each grid area or ‘tile’ specifies a portion of the
system’s geographic coverage and the entire system’s coverage
area is defined by the sum of all tiles, which is also known as a
mosaic of these individual tiles; hence the term ‘mosaic tracking’.
The shortcomings of mosaic tracking systems are both obvious
and not so apparent. Mosaic tracking was basically devised to
limit the use of radar to ranges closer to the radar site or to select
radars based on quality or terrain considerations. Concerns about
wider beam widths of radar and the increased uncertainty of the
actual aircraft position at extended ranges are typically addressed
by either restricting the use of the radar or by increasing
separation minima. Mosaic tiles were constrained to be
rectangular areas and not very adaptable to complex terrain
considerations. Also, as different radars could be selected in
adjacent tiles, tracks would ‘jump’ in position as targets passed
over tile boundaries. This was caused by differences in radar
registration and characteristics from tile to tile. Finally the effort
required to set up and tune the total radar coverage area was
usually extensive and expensive, requiring many months of
testing, tuning, adjustments and flight testing. Also, continuous
adjustment was required since radars are inherently dynamic
with slight variations in radar mile measurement, statistical
measurement error, etc, due to ageing and environment.
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Multisensor fusion tracking
Telephonics has been evolving and advancing its multisensor
fusion tracking into the latest AeroTrac ATC automation system.
The Telephonics AeroTrac MST is a distributed multisensor
tracking system. The Telephonics MST is comprised of modular
components organised in two levels as shown in Figure 2, and
designed for maximum flexibility. The first level of the MST
consists of sensor-level tracking or processing components and
the second level consists of the multisensor track correlation and
fusion component.
The Telephonics MST design is a field-proven AeroTrac feature
that maximises the use of radar data and the throughput of
system data within large area, multiple radar environments. The
tracking system is comprised of three main processes:
• Input processing;
• Radar sensor tracking;
• System track processing.
The sensor level components generate either sensor-specific
track data from input plot data, or, pre-process sensor tracked
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stations, with future expansion to 16. With ADS-B data in areas
of overlapping ATC radar and ADS-B coverage, the AeroTrac
system combines ADS-B and radar target reports to form a single
system track, unless the discrepancies between reported radar
and ADS-B positional and flight identification data preclude such
combination of data. However the AeroTrac system design
provides the benefit of verification of sensor position data in
overlap coverage, which in practical experience has identified
and accommodated instances in which ADS-B position data was
inconsistent due to aircraft issues.
A unique ADS-B position symbol can be provided and
displayed on those tracks that only have ADS-B data associated
with them. A different position symbol will be displayed for
tracks having both ADS-B and radar data associated with them.
The AeroTrac system will provide the capability at the radar
displays for the controller to manually enable viewing only of
ADS-B reported tracks. The view of these tracks can include
tracks that are being reported by ADS-B only and those tracks
that are combined ADS-B and radar data. Since sensor-based
systems and datalink-based systems will continue to exist as
elements of the ATM environment, a system that uses all these
inputs to provide a fused track to the situational display will
provide the most accurate technical solution for complex ATM
environments in which there is multiple sensor coverage. ❖

data (as in the case from tracking radars and ADS data) or other
forms of non-conventional radar data. This level offers a high
degree of flexibility in adapting the MST to many types of radars
in differing message formats from all key radar suppliers. The
other key benefit provided by this approach is its ability to
maintain the sensor’s characteristics, which are specific to a
sensor and almost always differ from sensor to sensor. This factor
allows independent adjustment of each sensor tracker, thereby
ensuring that each sensor is optimally tuned and that overall
system accuracy is also maximised.
ADS-B relies on the aircraft knowing its own position precisely
from its flight navigation system and transmitting this
information to other systems, both airborne and ground based, in
the area surrounding the aircraft. In the ADS-B concept, the
aircraft avionics broadcasts the aircraft position, altitude, velocity
and other flight information completely autonomously and
automatically without pilot involvement. The service is
dependent on the aircraft’s position determination system
(navigation system). The transmitted ADS-B signal can be
received by both other aircraft and ground stations. This is in
contrast to ADS-C (contract) where a point-to-point circuit must
be established for the data transfer.
The AeroTrac system supports acceptance of AeroTrac ATM
processed ADS-B data from a maximum of eight SAC/SIC
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RECORDING SOLUTIONS
Screen video recording has evolved to the point where it can be considered the future of
recording in the ATC industry
Lee Spaziano and Selwyn L. Henriques, Tech Source, USA

Murphy’s Law states: Anything that can go wrong will go
wrong. Despite exhaustive design verification, testing of
equipment and comprehensive operational and
maintenance procedures, accidents do happen, due to equipment
failure, severe weather or even human error. In aviation it can
cost lives, which is why it is critically important to learn from
incident analysis and ensure an accident is never repeated due to
the same cause.
There are a wide variety of airborne and ground-based
aviation recording devices that can provide vital information for
accident prevention purposes. The primary information sources
include the mandatory crash-protected flight recorders, airborne
quick access data recorders, and ground-based recordings of
ATC radar returns and radio communications. The combination
of airborne recorders (cockpit and aircraft systems data and
flight crew communication) and ground-based recorders (radarbased information such as altitude, speed, flight position, ATCpilot communication and weather) provides comprehensive
information that is required for accurate analysis of most, if not
all, incidents.
There are several types of recording methods available today:
• Primary radar recording;
• Secondary radar recording;
• X Window based recording;
• Network data recording;
• Screen video recording.
Many sites may have one or a combination of the above
recording methods.
Primary and secondary radar recording involves recording
data as it comes in from various radar sources. The amount of
data involved with this type of recording is small and one can
easily duplicate the scenario that led to an incident. It also
enables on-screen interaction during playback. However the
recorded data is often insufficient because it does not capture
the controller interaction with the ATC application. It does not
guarantee what the controller was viewing on the screen at the
time of the incident, so this type of recording alone may not be
sufficient for incident analysis. However in combination with
video recording, radar recording may provide a clearer, more
accurate and comprehensive, foolproof solution for the analysis
of incidents.
Contemporary software recorders do a much better job using
a technique known as X-Recording. Based on systems that run
the X Window System, X-Recording logs the X Window protocol
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Tech Source Re/Vue video recorder

(and hence the drawing commands) and mouse/cursor
movements. For that reason such a recorder is able to exactly
record everything that is being drawn on the screen at any given
time. Playback is accomplished by sending the recorded drawing
commands to the processor to effectively redraw screen activity.
This approach works very well with X Window applications
but does have significant limitations. Incompatibilities between
video graphics processors essentially force recording and
playback to occur using the same video graphics product at the
same screen resolution and bit depth. This approach also has
compatibility issues with most X Window extensions. While X
Window recording is quite stable and the technology is well
tested, there is a remote possibility of a recorded protocol error.
In that event all recorded data up to the subsequent snapshot
may be completely lost. The reliability of such a recording could
therefore be called into question, especially if the failure occurs
around the time frame of the event to be analysed. X-Recording
is also very dependent on the recording platform (hardware,
operating system, video card, etc). Finally, as ATC applications
advance to use newer technologies that incorporate OpenGL and
direct rendering, it becomes near impossible to undertake this
type of software recording.
Network-based recording is typically used in conjunction with
central radar processing. Here the radar data acquired from

SYSTEMS

many radar sources is converted into network traffic centrally for
distribution to radar processing units for display. This network
data is what is recorded. Network recording can also be
considered incomplete, just like radar-based recording, because
it does not capture the controller interactions.
Video recording captures display data as it comes out of the
video data source, such as a graphics card. This, in conjunction
with radar recording, provides a complete recording solution.
However until recently video recording at a high resolution such
as 2K x 2K (digital/DVI) was not achievable, especially at a 60Hz
refresh rate. Some features such as lossless recording and
playback (on virtually any platform) are important. The
subsequent paragraphs discuss the evolution of video recording
and why this type of recording should be seriously considered in
new installations and for upgrades.

Video recording in ATC
Historically screen video recording in ATC has had many
difficult obstacles to overcome. An ideal scenario would simply
be to connect the ATC workstation to a VCR and record ATC
workstation activity just like a television show. Unfortunately
this simple approach does not work.
Typical ATC workstations use one or more high-resolution
displays with resolutions such as 2048 x 2048 pixels, or more
recently 2560 x 1600 pixels. These high resolutions and data
rates cannot be recorded using current off-the-shelf technology.
However over the last few years many analogue recorders have
been introduced that can do MPEG- or JPEG2000-compatible
video recording of 2048 x 2048 resolution. The challenge with
this type of recording is the screen fidelity. Playback was usually
done at lower resolution, thereby scaling the image down,
resulting in further loss of on-screen data.
As for digital 2048 x 2048 or 2560 x 1600 resolution
recording, the challenges for recording at full refresh rates are
daunting and as such, until Tech Source introduced the Re/Vue
product, no solutions were available that could achieve lossless
recording at a full 60Hz refresh rate.
Of course the preference for an ATC recording device is
lossless recording and playback of high-resolution situation
displays that are synchronised with audio data. The result is
video/audio playback that exactly mimics what the controller
observed on the screen.

Challenges of ATC video recording
A screen-capture device monitors the data provided to the
display and captures the data to a storage device. Although the
screen capture approach is simple in concept, it is quite a
daunting task to implement.
Consider a typical high-resolution ATC display, operating at

2048 x 2048. This equates to four million pixels per frame.
Since each pixel is composed of a red, green and blue
component, each consisting of one byte, this equates to 12MB
per frame. At a refresh rate of 60Hz, typical data rates are in the
vicinity of 5.6GB/sec, which is enough data to completely fill a
one terabyte drive every 25 minutes.
The challenge for designers is to build a system that will
handle these high data rates and perform real-time data
compression, focusing on lossless compression rates that are
high enough to enable reasonable data storage.
With the wide variety of video recording and compression
algorithms available, the expectation would have simply been to
choose a standardised algorithm and apply it to the application.
Unfortunately the majority of video compression techniques that
have been developed for compression of natural video are not
very effective for computer graphics applications such as those
used in ATC applications. In general compression algorithms
effective for natural video and computer graphics are mutually
exclusive due to the nature of the data. Furthermore most
existing standardised video compression algorithms do not offer
lossless compression.
A video recording solution suitable for ATC has eluded design
engineers for years, but technology has finally progressed
sufficiently and real-time lossless ATC video recording is now
possible using Tech Source’s Re/Vue.

The right choice
Not all ATC video recording solutions are equal. It is important
to evaluate the feature set carefully to determine which solution
is right for your needs.
OS and platform independence. Some video recording solutions are
very temperamental, requiring a very specific operating system,
drivers, application software, etc. Furthermore some solutions
require recording and playback to occur on the same machine.
Optimally you want a video recording system that is completely
independent of the original machine and enables playback on
any computer.
Ease of playback. It is very important for the recorded data to
allow playback at remote locations. Accordingly a good ATC
video recording solution is one that supports playback for postevent analysis, courtroom depositions, training facility
instruction, or other playback scenarios.
Display compatibility. Various products claim to record ATC video
data, but the user must confirm that the recording solution is
compatible with their system installation. For instance, what is
the maximum recording bandwidth and how does it compare
with the installed displays?
Recording quality. Video recorders record data with varying levels
of quality. Many use compression algorithms such as JPEG,

Network-based recording is typically
used in conjunction with central
radar processing
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MPEG and H.264. While these lossy compression algorithms are
fine for natural video, their compression artefacts cause quality
to suffer. Only a truly lossless solution can always guarantee
excellent quality, ensuring the playback data is exactly the same
as the original source data.
Compression ratio. Recording of ATC video can create huge
amount of data – around two terabytes per hour. It is critically
important that the video recording solution offer extremely high
compression ratios so as to minimise data storage. Typical
algorithms offering merely a few 100:1 simply will not suffice. In
order to have a manageable volume of data, the recording
solution should offer upwards of 1,000:1 compression ratios.
Optimally users should be looking for 2,500:1 compression
ratio or better.
Archiving. Archiving data locally and remotely is extremely
important. Typically data is required to be maintained for up to
30 days. The chosen solution must offer configurability for local
and remote storage.
User control. In this connected world, your recording solution
should be able to be managed from your intranet and/or
internet. It must have sufficient security protection in this
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environment. A single web-based control centre for all the video
recorders at an ATC centre is even better.
Audio.The visual data is only part of the story. Good ATC video
recording solutions will offer synchronised audio recording and
playback. Only when audio and video are combined, are you
able to recreate the ATC experience.
Footprint. Some ATC video recording systems are very large,
spread out over an entire rack system. Look for a small all-inone solution to handle video recording using a minimally
invasive approach.
Tech Source Inc is a US-based subsidiary of Japan’s Eizo
Nanao Corporation and has more than 20 years of experience
providing visual display solutions to the ATC industry. Tech
Source recently released Re/Vue, a video recording product that
fulfils the specific capture, compression and video data archive
requirements found in ATC. Re/Vue includes video/audio
recording hardware, supporting driver and control software. It
offers high-resolution, lossless video/audio recording with local
storage for more than 30 days. It also has web-based control
interface that enables control of an entire farm of recorders in
the network. ❖

DISPLAYS

RELIABILITY, FIDELITY,
LONGEVITY
Important considerations in evaluating radar displays for controlling air traffic
John Trueblood, Aydin Displays, USA
Air traffic control has unique display requirements for
system uptime, accuracy of displayed information, and
long life as a mission-critical component in round-theclock operation. In fact the main radar monitor is one of the most
critical elements, as it is the point of communication and the eyes
of the controller for all other system components.
In addition the life of ATC system components is necessarily
long, due to the difficulty in qualification and testing, and
requires support for a minimum of 10 years. In facilitating high
reliability and uptime it is important for such a critical
component to incorporate self-tests and standards-based
reporting services for early fault detection and notification of
required maintenance.
Displays have come a long way in the ATC world. Although
the advantages of full colour and graphical windowing features
seem very obvious now, there was a time when it was believed
that sufficient accuracy and clarity would not be possible on a
colour display. Until the late 1980s, radar displays were limited
to single colour round screens that were capable of showing very
sharp, accurate lines and text. Fidelity was the primary
consideration. There was no colour and no area fill.

The first public demonstration of the Sony DDM monitor was
in 1986. This marked the first introduction of colour and area fill
for the square display format into the industry, with sufficient
accuracy and focus to meet the demanding requirements. The
Sony DDM was the first monitor to achieve a high analogue
bandwidth of 350MHz, sufficient to drive 2048 x 2048 pixel
resolution, thus creating a new fidelity standard for ATC displays.
Additionally concerns of reliability and uptime requirements
had to be addressed, which at the time were unknown quantities
with the newly developed Sony CRT technology. To accomplish
this, a separate RS-422 serial interface was developed to
communicate with a specialised internal microprocessor,
facilitating all monitor adjustments and running continuous selftests. With accurate and timely information, early fault detection
enabled quick repair and increased uptime availability. All these
factors combined to achieve excellent product longevity,
becoming the worldwide standard for ATC main radar displays.
Display technology has improved dramatically in the past 20
years. Currently active matrix LCD technology has become
sufficiently mature and accurate to safely replace the Sony DDM
CRT for controlling air traffic. As the older displays gradually
reach end of their lives, there are a few alternative 2048 x 2048
resolution LCD displays to choose from. Though the temptation
is to select the least expensive display available, there are
substantial differences with each display that should be carefully
evaluated. The primary considerations when selecting a display
for ATC are its reliability, fidelity and longevity.

Longevity
Due to extensive safety qualification requirements, ATC system
components are not changed often. Therefore longevity is a key
consideration in support and availability, especially with such a
mission-critical component as the main radar display. In this
world of rapidly progressing technology and quick product
turnaround, it takes a manufacturer with unique long-life
product experience to understand this fundamental design
constraint. Long-term availability of internal components with a
vision of evolution is extremely important. Additionally company
stability and history in related product markets, such as military
displays, is essential in insuring ongoing support for the 10-year
minimum product life requirements in ATC.

Fidelity

Display technology has improved dramatically in the past 20 years

There are many considerations in evaluating the overall quality of
an ATC monitor. Display accuracy concerns have changed with
the advent of new display technology. CRT technology relies on
precise timing and control of three electron beams (one each for
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red, green and blue) to establish the position, brightness and
colour of each pixel on the screen. The focus and convergence of
the three beams is also critical to the clarity of the image,
accuracy of colour and readability of text.
Additionally the screen shape for the DDM is cylindrical, so
any reflections of ambient room light are naturally minimised to
small areas along the curvature. Because the electron beams
constantly move very rapidly through high-speed magnetic
deflection, geometry, pixel positioning and line straightness are
critical elements of fidelity for a CRT. Each pixel position is
controlled by precisely changing a magnetic field, whose
accuracy must be carefully measured using the resulting pixel
locations on the screen.
LCD technology is radically different. The screen for a 2048 x
2048 LCD is a flat, square matrix of stationary pixels. There is
constant full-spectrum light over the screen from behind, and
pixels are formed by how much light is allowed to pass through
the screen at each pixel position. Colour is achieved by filtering,
creating red, green and blue sub-pixels at each pixel position.
With this in mind, geometry and line straightness have become
of little concern, because the pixels are physically fixed in their
position. However contrast ratio is far more critical than with
previous CRTs, because it is important for LCD pixels to block
the backlight effectively for black pixels to really appear black.
This is especially important in the low ambient lighting
conditions typical in an ATC control centre. If an analogue
graphics signal is used, the display must interpret a time-based
signal to determine the pixel locations. Jitter can be introduced if
the time-based interpretation is not properly synchronised. Using
a digital dual-link DVI graphics interface eliminates signal
interpretation and produces the highest quality image.
Another very important consideration for ATC application is
the viewing angle range of the display. This is especially
important during times of heavy air traffic, when multiple
operators may be viewing the same radar screen. It is important
to be able to see the apparent brightness and colour of the image
on the screen at various viewing angles.
Due to the flatness of an LCD screen, reflections of ambient
light become critical and require the application of anti-glare and
anti-reflection techniques on the front glass. In an anti-glare
treatment the glass is finely etched to become less shiny, thus
dissipating reflected light. Anti-reflection is accomplished by
using a chemical coating on the glass that absorbs ambient light
while allowing the emitted light from the display to pass through
virtually unaffected. The protective glass applied to the front of
the screen is critical to the overall clarity of the display and
should be adjusted to the specific ambient light environment in
the ATC centre.

Reliability
As the eyes of the ATC system and primary human interface, the
display is an extremely important mission-critical component
and therefore reliability is paramount. Reliability has two
elements: the equipment should be capable of consistent
operation without failure for long periods of time, and should
provide convenient and timely early fault detection when a
failure does eventually occur. The former comes from long
experience in design; the latter requires an active subsystem for
self-test and reporting.
In the Sony DDM monitor internal self-test information is
available through an RS-422 serial interface that periodically
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Colour and area fill have revolutionised the appearance of ATC display technology

polls the display status from the host computer. In the time since
the Sony DDM was designed, new standards have emerged for
maintenance communication, with new ways to access
information. Ethernet with TCP/IP has become common, as have
internet browsers on PCs.
Additionally SNMP (simple network management protocol), a
standard for communicating status, maintenance and
management information, has emerged and matured. By
implementing standard SNMP commands, commercially
available SNMP management software can be used to monitor
the health and operation of many system components, with the
main radar display being one of the most critical and important.
Fundamental to any maintenance and status information is an
effective background self-test implemented under microprocessor
control, specifically designed to constantly measure the health of
the display.
There are many levels of SNMP implementations possible
within the display to report self-test results. Specific SNMP
capability is a subtle but important means to differentiate
between the various 2048 x 2048 LCD displays available. With
some monitors it is also possible to configure the display and
spot check status over Ethernet using simple, standard internet
browsing software from a PC. Assessment of these capabilities
should be part of any evaluation of displays considered for
selection in an ATC application.

Conclusion
Display technology has advanced substantially for ATC
applications. The advent of colour and area fill has revolutionised
the appearance and amount of information available for more
safely controlling air traffic. In moving to the next generation of
display technology, the primary evaluation considerations should
always be reliability, fidelity, and longevity. ❖
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SOFTWARE

ATM INTRANET
Some of the technology set to help increase air capacity, flight efficiency and safety will also
reduce ATM costs and the environmental impact of aviation
Keith Wichman, GE Aviation, USA

With air traffic expected to double by 2030 there are
industry concerns that current ATC systems will not be
able to cope, and many see a major part of the problem
being the ATM infrastructure used to manage the movement of
aircraft, which has changed very little since the introduction of
radar in the 1940s. Furthermore ATM communications are still
heavily dependent on radio – a technology introduced circa
1920. There are also public concerns over safety, in terms of
increasingly congested skies around airports, and over the
environmental impacts of pollution and noise.
However industry and public concerns are both being
addressed and a new ATM infrastructure is, as a result of
impressive levels of private and public sector collaboration, even
now coming online.
But before discussing the shape of things to come, let us look
at current limitations. In essence, during its flight, an aircraft is
passed from one ATC sector to another, with each sector
controller not knowing exactly when an aircraft is due to enter
its airspace until just before it does so.
While in each controller’s airspace, the aircraft’s approximate
position is tracked using radar and communications are

primarily via voice. At the destination airport, ATC has only an
estimated time of arrival for each aircraft, with this ETA based
on logged and monitored flight plans. ATC is unaware of any
deviations from the flight plans.
It is not surprising that delays are expected virtually all the
time, meaning that airport operators tend to base their
operations around worst-case scenarios, which in turn means
having more personnel in place than would be needed if there
were no delays. Knowing about delays in advance would be
almost as useful. Either case would enable operators to
streamline their activities.
The solution is to remove the unknowns from ATM by sharing
intelligence regarding the exact location of aircraft along their
actual flight paths, i.e. catering for any deviations from logged
flight plans. Also, if there are to be delays at a destination
airport, then the ideal scenario would be to have those aircraft
simply slow down while still a long way out. This would reduce
the risk of aircraft needing to be placed in low-altitude holding
patterns, in which their engines are not as fuel-efficient as they
are at cruising altitudes.
Therefore instead of dealing in ETAs, ATM would be able to
deal in Required and
Controlled Times of Arrivals
(RTAs and CTAs).
In addition a traditional
approach to a destination
airport is stepped, with each
levelling-off of the aircraft
requiring thrust to be applied,
which is wasteful of fuel.
Also, viewed from above, a
traditional approach is far
from straight. The most fuelefficient approach to a landing
is for the aircraft to come in
with the engines at idle. This
continuous-descent arrival
(CDA), also known as the
‘green approach’, only sees
thrust being applied in order
to deploy flaps and the
landing gear once the aircraft
is near the runway. Viewed
from above, a CDA still may
not be a straight line, but it
would see fewer course
alterations and be better for
Each aircraft becomes a node in an ATM intranet, to which authorised users have varying levels of access. Users include controllers and
ANSPs, airport and airline operators, transportation companies servicing the airports, and the military. Source: SESAR Joint Undertaking
passenger comfort.
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New infrastructure

CONTINUOUS DESCENT ARRIVALS

As mentioned, ATM infrastructure has changed little for several
decades, even though technology has delivered frequent
solutions to make improvements here and there. Thankfully
industry is in the throes of revamping the ATM infrastructure,
with the USA’s Next Generation Air Transport System (NextGen)
and Europe’s Single European Sky ATM Research (SESAR)
programmes most active in this respect. Both aim to increase air
capacity, flight efficiency and safety while reducing the
environmental impact and cutting ATM costs.
The SESAR Joint Undertaking (JU) has been particularly active
during the summer of 2009. A public-private partnership in
ATM research and development, the SESAR JU was founded by
the European Commission and Eurocontrol.
On 12 June SESAR JU announced the signing of 16 contracts,
worth a total of €1.9 billion, in relation to work packages to
deliver the necessary operational and technical materials for the
deployment of a new European ATM.
The SESAR programme also includes nearly 300 projects,
which along with the 16 work packages will be carried out
between now and 2016. Indeed, it was announced on 13 July
that 30 of the projects have been formally launched and that
almost 100 more are to do so before the end of 2009. Of the 30
launched, one relates to a System Wide Information
Management (SWIM) system, which can be thought of as an
ATM intranet and many see it as perhaps the most important
key to avoiding, or at least dynamically catering for, delays.

While SESAR’s and NextGen’s development plans unfold, isolated pockets
of technology have already been evaluated. For example in 2001 GE
Aviation (then Smiths Aerospace) conducted a series of flight trials with
Scandinavian Airlines (SAS) evaluating the use of its Boeing 737 FMS and
its RTA function for use in continuous descent arrivals (CDAs).
CDAs, or green approaches, are currently hindered by lack of predictability: a pilot just does not know when to start that long, slow and fuel-efficient
descent. However a 4D trajectory makes possible long-distance, trajectory
based operations (TBOs) as opposed to clearance-based control at the
destination airport.
GE Aviation and SAS conducted 33 trial flights. Subsequent analysis of
the recorded data indicated that aircraft equipped with the then current
generation of FMS could reliably predict and maintain a 4D trajectory over
an entire flight under typical fleet operation conditions.
RTA accuracy at waypoints was demonstrated to be less than seven seconds, with a mean of 4.8 seconds. Further, when the RTA was applied with
reference to the destination runway, accuracy was still below 21 seconds
(worst case) with a mean of 12.7 seconds. This precise runway-to-runway
trajectory prediction and control capability was a critical factor in the evaluation of 4D TBOs, however the accuracy of the 4D trajectory could only be
assessed through ground-based studies.
A series of further trials was conducted, with the most recent and noteworthy being in 2007 to evaluate improved RTA algorithms and improved
wind modelling. These trials were conducted using SAS Boeing 737-600
and 737-800 aircraft, and predicted altitude and ETA for each point in the
trajectory were collected and down-linked at three-minute intervals during
the flight. Overall accuracy was greatly improved from the 2001 trials,
recording a mean accuracy of 7.8 seconds at the runway threshold.
The results of the 2007 trials indicated that the avionics, including the
FMS, are suitable for implementing TBOs. Given accurate forecasts for
wind, the FMS computes an accurate and stable prediction of the aircraft’s
4D trajectory. It therefore follows that making use of this trajectory within an
appropriate network, such as SWIM, will lead to fuel-efficient CDAs.
Since the above trials, GE Aviation’s FMS Optimized Descent has been
added to a growing list of solutions that are ‘ecomagination qualified’ – an
example of GE’s commitment to developing innovative technologies that
help customers improve their businesses while protecting the environment.

ATM intranet
Aircraft will effectively become nodes on this future ATM
intranet, with each aware of (and regularly reporting) its 4D
trajectory. Here, 4D relates to an aircraft’s route along a path
described in the three dimensions of space, with time being the
fourth dimension. But even more important than the
construction of this trajectory will be the ability of the avionics
on board the aircraft to include the 4D trajectory within its
closed-loop avionics systems.
In addition to giving authorised users (plus some automated
applications) access to necessary information, SWIM will enable
more efficient ATM control through the ability to accommodate
RTAs and CTAs. Better timing of the arrival of aircraft, through
the optimum use of coordinated 4D trajectory plans, will
overcome the traditional first-come-first-served practices of
destination airport ATCs.
Conflicts between trajectories can be resolved well ahead of
time via the negotiation of trajectory revisions. Interestingly,

while slowing down aircraft was given as an example earlier, the
overall picture is somewhat more dynamic. It may, for example,
be more fuel-efficient to take a slightly different route or to
configure the aircraft parameters differently or to move fuel
between its tanks to adjust its profile. These are all decisions that
can be made by the onboard flight management system (FMS).

An FMS draws from the ATM intranet to
optimise the performance of the aircraft.
It also feeds the intranet with
information on the aircraft’s 4D trajectory
AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2010 163.
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A traditional approach to a destination airport (shown in blue) versus a continuous-descent arrival (CDA), also known as a ‘green approach’ (shown in green). Source: GE Aviation Systems

2020 VISION
SESAR was formed in 2002 by EADS, Airbus and Thales and has three
phases. Phase 1, Definition, ended in 2007, during which time the SESAR
Joint Undertaking (SJU) was created under European Community (EC) law,
with Eurocontrol and the EC as founding members.
The SJU is currently managing Phase 2, Development, which will run
until 2016. Phase 3, Deployment, will run from 2017 to 2020 and will be a
strategic roll-out of all necessary technologies and procedures.
SESAR’s targets for 2020 are:
• Support a threefold increase in air traffic capacity;
• Improve safety by a factor of 10;
• Reduce the environmental impact of flight by 10 percent; and
• Cut ATM costs by 50 percent.

aircraft along this trajectory by way of the automatic flight
control system (AFCS).
In many respects an FMS is able to draw much from the ATM
intranet to optimise the performance of the aircraft within air
traffic’s overall requirements, from take-off to landing. An FMS
also feeds the ATM intranet with the necessary information
relating to its 4D trajectory. But why stop there? For example
each aircraft could become a source of weather information,
derived from how its FMS may have needed to compensate for
wind, for other aircraft scheduled to fly through the same or
nearby airspace.
We are therefore at a very interesting time in the industry at
the moment. An extremely powerful infrastructure is even now
being connected together. ❖

At the heart
FMSs have been key building blocks
in avionics architectures for several
years, where they have played crucial
but quite insular roles. Within SWIM
FMSs have an additional and even
more important role to play: they
take ownership of the 4D trajectory
and decide how RTAs and CTAs
should be handled.
An FMS uses the current aircraft
state and atmospheric data along
with all crew-entered or up-linked
data to generate the 4D trajectory.
The individual aircraft performance –
including optimal speeds, maximum
and idle thrust values, fuel flow and
so on – is computed to create a userpreferred trajectory subject to
applicable constraints. The FMS’s
guidance features then control the

The relationship between the FMS, responsible for the 4D trajectory, and the aircraft’s automatic flight control system
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TRIED AND TESTED
A state-of-the-art ATC prototyping environment that maximises your ROI
Christos Anagnostakis, DILOGOS, Belgium

The validation of ATC concepts requires, in addition to
a well-defined validation methodology, a prototyping
environment capable of dealing with the complexity
involved in the ATC domain. We often use words like ‘rapid
prototyping’, ‘flexible’, ‘connectable to other systems’ and
‘modular’, to describe the qualities of such an environment.
When we examine reality we understand that these wonderful
properties are easier said than done. In the meantime, budgets
shrink and meeting time scales become more and more difficult.
These words have become real buzzwords. Documents on
ATC prototyping praise them but at the end of the day the real
question is: How can you maximise your ROI when it comes to
ATC prototyping?
This article presents how DOMIKOS, DILOGOS’s state-of-theart ATC prototyping environment, was used to prototype a
considerably complex ATC concept for Eurocontrol. It uses reallife examples from the prototyping activity to explain how
DOMIKOS approaches ‘flexibility’, ‘rapid prototyping’,
‘modularity’ and ‘connectivity to other systems’. Finally, the
conclusion presents the many ways in which DOMIKOS can be
used to explore and validate complex ATC concepts and how
this approach results in an interesting ROI.

The Tactical Controller Tool
According to Eurocontrol, TCT is a separation assurance support
tool aimed at the tactical controller. TCT reduces the workload
of the tactical controller and increases safety by taking over
monitoring tasks in the tactical control phase. The tool has the
following levels of sophistication:
• TCT Level 1: Conflict detection based on simple state vectors
and state-vector trajectories;
• TCT Level 2: Conflict detection based on state-vector
trajectories, TCT trajectories and detection of horizontal/ vertical
missed manoeuvres;
• TCT Level 3: Conflict detection that includes TCT level 2 plus
resolution advice.

Flexibility
When prototyping complex ATC concepts you are in uncharted
territory. Since you can hardly foresee the prototyping needs, the
flexibility of the prototyping environment is of critical importance.
In some cases it is necessary to modify or even redefine existing
concepts in order to be able to incorporate the new ones.
The obvious way for the prototyping software to be flexible is
for it to be modular. What is less obvious though is the
interpretation of the word ‘modular’. For some it means drawing
several different types of shapes, giving them names and
connecting them with lines. For DOMIKOS it means conducting
a careful analysis regarding the needs of the ATC domain,
identifying the conceptual building blocks that address these
needs (concept modularity) and transforming them into sets of
software building blocks that provide the associated
functionality (software modularity) and finally grouping them
into a user friendly ATC prototyping environment.
The benefits of this approach in prototyping TCT became
obvious from the beginning. TCT required two additional
trajectories in addition to the one based on the planned route
(used for MTCD and conformance monitoring): a TCT trajectory
(properly defined for a flight in-conformance and out-ofconformance taking clearances into account) and a state-vector
trajectory projecting the current aircraft state eight minutes
ahead (taking clearances into account). Since DOMIKOS
understands trajectories there was no need to write specification
for the software that implements the trajectories. Describing
them from an operational point of view was enough.
With respect to conflict detection, having only MTCD results
in a fairly straightforward situation: at any given moment there
can be one conflict for a given pair of flights. This is not
necessarily the case with three independent conflict detection
mechanisms. There is a need for consolidation of the results
based on predefined priorities. Even assigning a number to a
conflict is not as simple as it seems. For example, if two flights
have parallel routes close to each other the state-vector based

Since you can hardly foresee the
prototyping needs, the flexibility of the
environment is of critical importance
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Conflicts detected by the combination of TCT and MTCD and viewed in DOMIKOS

conflict detection will detect conflicts that come and go several
times a minute.
Should the system assign a new number to the same conflict
when it reappears or should it be intelligent enough to deal with
that situation? DOMIKOS’s approach to conflict detection and
consolidation as well as the flexibility of the visualisation of the
same data in several different ways was extremely beneficial
regarding the timeline of the prototyping activity. The first
demonstration of the TCT concept to controllers was done after
just four months of prototyping. DOMIKOS provides an ATC
prototyping solution with a complexity much lower than that of
the ATC domain it addresses and it is exactly that fact that
maximises the ROI of ATC prototyping.

The situation hasn’t really changed today. Is your ATC
prototyping environment based on a graphical toolkit? Is it very
difficult to reduce the functionality of your prototypes or add
new features that were not originally asked for? Does changing
or extending functionality require increasing effort? Do you have
the feeling that your ROI is not optimal? If so, the chances are
that your ATC prototyping environment is using this approach.
DOMIKOS does not rely on a graphical toolkit but rather
considers the user Interface just one function among others. It is
not always necessary, as for example in the case of a fast-time
simulation. Rapid prototyping in DOMIKOS is based on finegrained software components and the choice of the appropriate
concept granularity according to the occasion.

Rapid ATC prototyping

Connection to other systems

The term ‘rapid prototyping’ has become very popular since the
beginning of the 1990s, despite the fact that prototyping was
never meant to be slow. This is due to the increasing popularity
of graphical user interfaces combined with the appearance of
several tools that offered graphical widgets for users to visually
create applications. Users could see something quickly – most of
the time a ‘quick and dirty’ prototype that demonstrated some of
the required functionality (the visible one) – and then they
completed the application by writing the rest of the required
code. The serious drawback of this approach is that the
application code was mixed with the graphical widgets, creating
monolithic monsters extremely difficult to maintain.

When the result of the prototyping activity is mature, the next
natural step is real-time simulation and this is also the next step
for TCT. DOMIKOS seamlessly connects to different sources of
information and enables the reuse of the results of the
prototyping activity. It then provides the capability of extensively
monitoring the inner workings of the system since the humanmachine interface is just the tip of the iceberg and does not reveal
what happens inside.
This extensive monitoring, combined with the experience the
controllers involved in the real-time simulations enables an in
depth validation of the concept. But the connectivity of
DOMIKOS is not restricted to live track feeds of different
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Easy connectivity to different sources of information is a key feature of DOMIKOS

formats, such as Asterix, coming from different sources
(trackers, ADSB receivers etc). It can replay recordings or
connect to a simulator without knowledge of its internal
workings (black-box approach).

Conclusion
So what exactly is DOMIKOS? The answer depends on the way
you use it.
• If your simulator needs a facelift then just attach DOMIKOSHMI to it, customised to your look and feel.
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• If you need to prototype your HMI, use DOMIKOS as a
prototyping environment with all the associated ATC
functionality in the background, or just attach DOMIKOS-HMI
to your favourite simulator and reuse your existing assets.
• If you are experimenting with a new concept then create a
traffic sample with a few flights to demonstrate your ideas,
package it with DOMIKOS and email it to your colleagues to get
feedback or use a projector to share your discoveries.
• If your new concept has become more mature then create a
more realistic traffic sample with several dozens of flights and
run DOMIKOS as a simulator (fast-time if necessary) to assess
the different functionalities in a more realistic manner.
• When you have learnt all you need, connect DOMIKOS to a
live traffic feed and use it as a real-time simulator to enable
controllers to assess your ideas.
• When your concept is finally validated, use DOMIKOS to train
the controllers.
DILOGOS has been carefully analysing the current and future
needs of the ATC domain for the past 10 years and constantly
refines its tools in a search for excellence. It is exactly this
excellence that gives you real reuse, flexibility, sustainability and
an interesting ROI. That is why 45,000 lines of code packed
inside an executable of approximately 600K can run a complete
simulation of TCT on a simple office PC. ❖
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