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Foreword
In about 2004 Europe and the USA started
programmes to develop the next generation of ATM
systems – SESAR and NextGen. Substantial
amounts of money have been spent. The costs over the next
two decades are projected to be tens of millions of euros/
dollars. Industry stakeholders, particularly the airlines that
will pick up much of the costs, obviously want continued
reassurances. They will ask: “Is it all worthwhile?” Recent
cost/benefit analyses and business-case reports on NextGen
(Deloitte) and SESAR (SESAR JU, with support from
McKinsey & Company) aim to show that these programmes
will deliver benefits much greater than the costs involved.
These are not the first such analyses; indeed they make
considerable use of previous studies.
These studies carefully explain where their numbers
have come from – what assumptions are made and models
used. But the authors recognise the intrinsic problems with
demand scenarios, cost estimates, benefit types and
estimates. Traffic demand depends critically on future GDP
and oil price estimates. Costs for IT-based projects are hard
to estimate. A programme integrating many IT projects
across multiple stakeholder systems is an even more
difficult proposition (e.g. Flyvbjerg & Budzier).
Deloitte notes that many NextGen benefits are ‘soft’,
i.e. typically do not result in accounting cash flows. A major
contributor is ‘passenger opportunity cost savings’, the
monetised value of reduced delays to passengers. The
SESAR JU study stresses large benefits to employment –
good reason for government support to these
developments? – and reduced CO2 emissions. Historically
the airline industry has been a tough business to be in.
Hence airlines normally tend to focus on hard cash cost
reductions and short-term – less than three-year payback –
operational gains.
SESAR and NextGen are actually portfolios of connected
projects. These range from deployment of best practices and
replacement/enhancement of existing technology through
modernisation, to the infrastructure, kit and procedure
changes needed for 4D trajectory-based operations.
Suppose the airlines’ assessment were that 50 percent of
their hard cash gains could be achieved by spending 25

percent of the total programme costs, by concentrating on
the early phases of best practices and modernisation
components. Would airline decision makers think that this
would be a better deal than full 4D TBO? Would system
implementation then focus on short- and medium-term
operational improvements rather than strategic 4D TBO
improvements?
This raises the question of killer apps – jargon for
innovations so valuable that they prove convincingly the
core value of some larger technology. This persuades the
bulk of firms to implement these systems, and the prospect
of killer apps produces stakeholder technical and financial
cooperation. Ironically – see Mozdzanowska & Hansman –
safety considerations have been the primary ATM transition
driver. ATM is now supported by highly effective collision
avoidance systems on the ground and in the air. Once TCAS
was credible it became must-have kit for international
airlines. First, 4D TBO killer apps obviously have to offer
enormous benefits to stakeholders in the context of
potential costs. Second, the bulk of these benefits must not
be obtainable through markedly cut-down versions of 4D
TBO. So what are these killer apps?
References
• Deloitte LLP (2011). Transforming the Air Transportation
System: A business case for program acceleration.
• Flyvbjerg, B. & Budzier, A. (2011). Why Your IT Project May
Be Riskier than You Think. Harvard Business Review, September
2011, 601-603.
• Mozdzanowska, A. & Hansman, R. J. (2008). System
Transition: Dynamics of Change in the US Air Transportation
System. IT Report ICAT 2008-3.
http://dspace.mit.edu/handle/1721.1/41855
• SESAR JU [Joint Undertaking] (2011). Assessing the
macroeconomic impact of SESAR. Final Report.
Dr Peter Brooker
Aviation consultant
Peter Brooker’s articles can be found starting on page 25 and
(with Peter Havelock) on page 34 of this issue.
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Europe unites
Patrick Ky, executive director of the SESAR Joint Undertaking, explains how this ambitious European Commission initiative is going
to help improve aviation not only in Europe but around the world
Andrew Pickering

The European Union Single European Sky (SES) is an
ambitious initiative that was launched by the European
Commission in 2004 to reform the architecture of
European air traffic management. It proposes a legislative
approach to meet future capacity and safety needs at a European
rather than a local level. Its key objectives were set out as: the
restructuring of European airspace as a function of air traffic
flow; the creation of additional capacity; increasing in the overall
efficiency of the ATM system. As part of the SES initiative,
SESAR (Single European Sky ATM Research) represents its
technological dimension and will help create ATM reform,
supported by state-of-the-art and innovative technology.
SESAR aims to eliminate the fragmented approach to
European ATM, transform the ATM system, synchronise all
stakeholders and federate resources. For the first time, all
aviation players are involved in the definition, development and
deployment of a pan-European modernisation project. It aims at
developing a new generation of ATM capable of ensuring the
safety and fluidity of air transport worldwide over at least the
next 30 years.
Taking into account the number of actors involved in SESAR
and the financial resources and technical expertise needed, it
was vital for the rationalisation of activities to set up a legal
entity that would be capable of ensuring the management of the
funds assigned to the SESAR project during its development
phase. That entity is the SESAR Joint Undertaking and its
executive director is Patrick Ky, who was appointed by the
Administrative Board on 12 October 2007.

Patrick Ky, Executive Director, SESAR
Patrick Ky was appointed executive director of the SESAR Joint Undertaking
in October 2007. Since then he has driven the set-up and execution
of SESAR, Europe’s ambitious air traffic management modernisation
programme. One of his main priorities is the inclusion of all relevant air
transport actors in this public-private partnership. As a result more than
2,000 experts from 80 companies in Europe and worldwide are actively
contributing to the 300 projects of the SESAR work programme. Further,
Ky focuses on achieving early results with immediate benefits for the
aviation industry as well as the development and validation of SESAR’s
new technologies and procedures in operational environments. Prior to
SESAR, Ky held various managerial positions in the French Civil Aviation
Authority, a private consulting company and Eurocontrol. Between 2001 and
2004 he was the ATM rapporteur for the Advisory Council for Aeronautics
Research in Europe (ACARE). In 2004 he joined the European Commission
to work on SESAR. In total Ky has more than 21 years of work experience
in civil aviation. A graduate from Ecole Polytechnique and the Civil Aviation
Engineering School in France, Ky also holds degrees in economics from
Toulouse University and Massachusetts Institute of Technology.

Ky is responsible for the day-to-day management of the Joint
Undertaking and is its legal representative. His main role is to
direct the execution of the SESAR project within the guidelines
established by the Administrative Board, to which he is
responsible.

We are dealing with a field that has not
been able to modernise at the same rate,
for example, as the aircraft cockpit
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Before SESAR

Ky explains the background to SESAR and the JU. “In Europe
for the past 20 years there has been a spending of something like
E200 million per year in ATM research and development, but
when you look at the actual results from these projects you see
that the return on investment was very low. We are dealing with
a field that has not been able to modernise at the same rate, for
example, as the aircraft cockpit. There are many reasons for this
lack of success in research and development but one of the main
causes was the fragmentation of research and the fact that there
were a number of actors doing the same thing at the same time.

It doesn’t make any sense to develop a completely new concept
for ATM in one country that is not compatible with systems and
technologies in others.”
Recruited in November 2007, for six months Ky was the only
employee of the SESAR JU. “I started to really develop a
relationship with the industry and was able to attract 15
industry members to join the programme and to participate in
the funding of activities. In 2009 we formalised the contractual
agreement of these 15 industry members of the SESAR JU with
Eurocontrol, which is one of our institutional partners, and with

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012
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After SESAR

the European Commission. We now have what I think is a
unique public/private partnership for a total amount of money
representing E300 million a year for seven years. The JU leads
the projects, provides strategic guidance and makes sure that
any conflicts in the programme can be resolved, but the
technical work is done by the industry.”
The technical work was formally launched two years ago. Ky
explains why there was an apparently lengthy delay following
the inception of the JU. “SESAR is a very large and complex
programme in which we have something like 300 individual
projects, with each depending on average on the results of five
others. With all this interlinking it took us a year to put the
programme on the right track, having all the partners learn how

10 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012.

to work together and with us. It also took us some time to
establish our authority and to show that when we said
something was unacceptable, we really meant it. This was not
easy, but now we have a relationship in which all the partners
know exactly where they stand, and what their responsibilities
and accountabilities are – and they know the same about us. So
now almost all the projects have been launched and in 2011 we
started to deliver a number of tools and operational procedures.”
One of these projects is the development of ‘remote towers’,
which will be tested in October this year in Sweden and Norway,
based on the concept that in order to control an airport the
controllers don’t need to be physically present. “We are testing
the possibility of having the controllers work at a distance of
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Quick green results
The SESAR JU selected 18 projects involving 40 airline, airport, ANSPs
and industry partners to expand the Atlantic Interoperability Initiative to
Reduce Emissions (AIRE). AIRE was launched in 2007 to improve energy
efficiency and aircraft noise in cooperation with the FAA. In addition to
being responsible for the programme’s management from a European
perspective, the JU supports integrated flight trials and demonstrations
validating solutions for the reduction of CO2 emissions for surface, terminal
and oceanic flight operations. In 2009, with the participation of 18 partners
in five locations, the JU supported 1,152 green flight trials under the
AIRE umbrella. One highlight of the programme will be a series of green
transatlantic flights with the Airbus A380.
Other features of the programme include gate-to-gate flight trials between
European city pairs as an addition to complete green transatlantic flights.
Some of the validation projects will be conducted in the most congested
European airspaces and at the busiest European airports (e.g. Schiphol).
Some projects will focus on vertical and speed optimisation, while partners
that have already participated in 2009 will expand on the results achieved
so far with a strong link to routine use of green procedures. AIRE is
building the first blocks of the SESAR Concept of Operations by testing 4D
trajectory-based operations and SESAR’s concept of performance-based
navigation.
Key projects
Of the 18 selected projects for energy-efficient ATM operations enabling
lower engine emissions and aircraft noise, two will tackle surface, five
terminal, four oceanic and seven green gate-to-gate operations.
Surface: The project ‘Greener airports operations under adverse conditions’
executed by French ANSP DSNA in partnership with Aéroports de Paris and
Air France will study operational situations in adverse conditions, caused by
bad weather and other factors that constrain runway use.
Terminal: Of the five projects, one is being conducted by Lufthansa in
cooperation with German ANSP DFS and Germanwings. The partners
propose to trial a new procedure coupling the arrival flows of Dusseldorf
and Cologne airports. This area has a high traffic density and when the
procedure is implemented it will bring considerable environmental benefits.
En route/oceanic: Four projects have been selected covering five
locations (Portugal, Canada, Morocco, the UK and the USA). NAV Portugal
will, for example, with TAP Portugal and the Moroccan ANSP ONDA aim to
offer the shortest flight paths across the Lisbon and Casablanca FIRs to
heavy long-range aircraft that operate those routes. The miles and minutes
saved using this procedure entail major fuel savings and CO2 reduction.
Gate-to-gate: Seven projects will be conducted through the programme.
Among others, Airbus, Air France, NATS and NAV Canada will perform a
series of transatlantic green flights with the A380. Another project is looking
at green shuttle flights between Paris and Toulouse.

100km or 200km from the airport,” says Ky. “It’s a question of
technology, organisational procedures, and safety and regulatory
assessments. The technology is accomplished through sensors
and a video link, which enables the controllers to see the airport
surface as if they were actually there. If everything goes
satisfactorily in the tests, and the safety and regulatory cases are
solid, we would expect implementation to commence 2012.”
Another project, which will start being tested in December
this year, is called the Initial 4D Trajectory, which Ky explains:
“We foresee that in the future most congestion is going to be at
airports, so we would like to have a situation in which the
constraints on a flight are given by the arrival airport. Instead of
aircraft routinely being put on hold, the airport would tell us the
exact time it wants which aircraft at which point, and we would
organise the trajectory to ensure that this time of arrival is
precisely adhered to. The trajectory planning would commence
at take off and would also involve in-flight operations, which is
what we are going to test in December. We want to make sure
that the target time of arrival can be met with the right level of
precision through airborne equipment.
“The testing will be carried out in Stockholm and Maastricht
using Airbus A320s with new generations of flight management
systems that have been developed by SESAR partners. They are
currently being tested by Airbus in preparation for the
December trials. If they are successful we can organise a new set
of tests in 2012 in a more complex environment with more
aircraft and so on. I don’t expect these new devices to be put
into operation before 2015/2016.”
Regarding the future, Ky is cautiously optimistic. “We are
developing the products and the operational procedures. The
difficult part is going to be the synchronisation of
implementation because if, for instance, you put a new type of
equipment onboard aircraft and you do not have matching
equipment installed in airports, it makes the investment by the
airline worthless. And it also has to be done in a similarly
synchronised manner across Europe.
“This is going to be I think the next challenge for SESAR. We
have a number of solutions we are looking at, with one
possibility being to look for public money to provide incentives
for early adopters. It is also a question of what kind of
management structure you put in place to manage the
implementation and what kind of governance you want,
especially as aviation covers a number of institutional
stakeholders, including military and civil aviation, in different
countries around the world. How do you make sure you have
the proper governance that is effective and can bring a common
approach to the deployment of activities? That’s going to be very
difficult I think.” v

Instead of aircraft being put on hold, the
airport would tell us the exact time it
wants which aircraft at which point
12 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012.
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Data acquisition and analysis systems
Solar radiation measurement systems
Long- and short-term forecasting technologies
Air quality measurement tools
Earth observation technologies
Onboard aircraft weather systems
Water level and flow analysis systems
Wind sensors and speed measurement
Tsunami monitoring tools
Modelling and simulation tools
Onboard shipping measurement technologies
Temperature sensors
Signal conditioning technologies
Humidity measurement systems
Rain gauges
Onboard marine applications
Tornado tracking systems
Satellite technologies
Lightning detection
Barometric pressure measurement technologies
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Evaporation measurement systems
Solar radiation technologies
Severe weather early warning systems
Tripods and towers
Visibility analysis tools
Ocean current/flow measurement and
prediction systems
Displays
Independent weather service providers
Gas monitoring systems
Supercomputers
Surge protection for systems
Oceanic conditions systems
Hydrometeorological hazard analysis tools
Engineering and surveying
Radar
Telemetry
Weather stations
Observatory equipment
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For more information on how to participate or register, go to:
www.MeteorologicalTechnologyWorldExpo.com
Technologies and services on show will include:
• Data acquisition and analysis systems
• Solar radiation measurement systems
• Long- and short-term forecasting technologies
• Air quality measurement tools
• Earth observation technologies
• Onboard aircraft weather systems
• Water level and flow analysis systems
• Wind sensors and speed measurement
• Tsunami monitoring tools
• Modelling and simulation tools
• Onboard shipping measurement technologies
• Temperature sensors
• Signal conditioning technologies

• Humidity measurement systems
• Rain gauges
• Onboard marine applications
• Tornado tracking systems
• Satellite technologies
• Lightning detection
• Ocean current/flow measurement and
prediction systems
• Barometric pressure measurement technologies
• Evaporation measurement systems
• Solar radiation technologies
• Severe weather early warning systems
• Tripods and towers

• Visibility analysis tools
• Displays
• Independent weather service providers
• Gas monitoring systems
• Hydrometeorological hazard analysis tools
• Supercomputers
• Surge protection for systems
• Oceanic conditions systems
• Engineering and surveying
• Radar
• Telemetry
• Weather stations
• Observatory equipment

Who will be visiting Meteorological Technology World Expo?
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Operations directors, senior scientists, programme managers, purchasing chiefs and managing directors from leading airlines, aircraft operators,
shipping companies, marine/port installations, airports, military operations, off-shore exploration companies, wind farm operators and agricultural
operations, in addition to met offices and research institutes
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Aanderaa Data Instruments AS • Adolf Thies GmbH & Co KG • Advanced Radar Corporation • AKIM ELEKTRON K LTD. T . • All Weather Inc • Anhui Sun Create Electronics
Co Ltd • Astrium • Astronautics Corporation of America • ATC Network • Aviamettelecom of ROSHYDROMET • AvMet International • BAE Systems • Baron Services •
Beijing Santel Technology & Trading Corp • Biral • Boreas Ltd • Boschung Mecatronic • Campbell Scientific Europe • Casella Monitor • CLS • Contour- NIIRS Ltd. Co •
Copystar Ventures Ltd • Davis Instruments • DELTA OHM S.r.l. • Dr A Muller Meteorologische Instrumente KG • Environmental Measurements Limited • Envirtech S.p.A. •
ESA/ESRIN • Eumetsat • EWR Weather Radar • GAMIC mbH • Geonor AS • GEPARD • Gill Instruments Ltd • Globoccess AG • HMEI • International Aeronavigation Systems
• IPS Meteostar Inc • JENOPTIK I Defense & Civil Systems • Jinyang Industrial Co Ltd • Kipp & Zonen B.V. • Kisters AG • KMIPA - Korean Meteorological Industry Promotion
Agency • Komoline Electronics Pvt Ltd • Konect GDS • Kongsberg Spacetec AS • Lambrecht GmbH • Laser Systems • Leosphere • Liquid Robotics • Logotronic • Lufft •
Metek GmbH • meteoblue • Meteorological Technology International • Meteorage • Meteosim S.L. • MicroStep-MIS • NESA SRL • Nicarnica AS • Nicarnica Aviation AS
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ENAV Company • Techsense Solutions Sdn Bhd • TECMES Instruments Especiales S.R.L. • Thales Alenia Space • Theodor Friedrichs and Co • UK Met Office • Vaisala Oyj
• VCS Aktiengesellschaft • Vista Data Vision • WaterLOG • Weather Modification Inc • WMO Voluntary Cooperation Programme
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Flights over the USA between 1400 GMT and 1500 GMT
on 21 June 2011, based on flight track data from the
Performance Data Analysis and Reporting System

Block Upgrades
A far-reaching, multi-year programme to enable air navigation service providers the world
over to plan towards a global, harmonised international ATM system
Michael Huerta, Deputy Administrator, Federal Aviation Administration

The International Civil Aviation Organisation’s (ICAO’s)
Aviation System Block Upgrades initiative promises to
draw from NextGen and SESAR the harmony and
coordination that the world’s air navigation service providers
(ANSPs) need to plan their individual transformations in air
traffic management.
The Block Upgrades approach will lay out in five-year
increments the principal improvements that NextGen, SESAR
and other such programmes are developing now, plus the
further improvements they plan to deliver in the future. ICAO
launched the Block Upgrades following its 37th General
Assembly in October 2010, with two main objectives:
• Enable the world’s ANSPs to plan their individual
improvements with confidence, tailoring their programmes to
reflect their own specific needs and decisions on content and
pace, to create a fully harmonised international air traffic
management system.
• Assure industry, airlines and the rest of the aviation community
that when they equip their aircraft and other infrastructure to
take advantage of the planned improvements they will be able to
operate the Block Upgrades components and realise their
benefits anywhere in the world.
At the FAA we are very much in synch with the Block
Upgrades planning framework, and are actively supporting the

16 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012

initiative. For years we have been planning for short- and midterm air traffic system improvements through our NextGen
(Next Generation Air Transportation System) office, and the
longer-term NextGen vision through our Joint Planning and
Development Office. We integrate NextGen enhancements into
our agency-wide National Airspace System Enterprise
Architecture.
The Block Upgrades framework uses a similar timescale – it
will lay out worldwide improvements that attain initial operating
capability (IOC) as late as 2028 – as it harmonises the FAA’s
plans with those of others, particularly SESAR (Single European
Sky ATM Research).
Government agencies and industry from the USA and Europe
have been collaborating for years on the technologies and
capabilities we are working on for NextGen and SESAR. We are
also working to establish common standards so that equipment
designed and manufactured by industry in any nation, for any of
our initiatives, will operate flawlessly and deliver benefits
anywhere in the world. This commonality is a key objective of
Block Upgrades planning.
We have enhanced our longstanding technical cooperation
during the past year by implementing a Memorandum of
Cooperation between the USA and the European Union on
NextGen and SESAR, which was signed in Budapest on 3 March
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2011. The new framework establishes five working groups –
transversal activities; information management; trajectory
management; communications, navigation, surveillance and
airspace interoperability; and collaboration projects – to make
sure that NextGen and SESAR developers are working together.
The vehicles for our collaboration on setting standards for
new systems are the USA’s RTCA and the European Organisation
for Civil Aviation Equipment (EUROCAE) – non-profit
institutions that advise the FAA and the SESAR Joint
Undertaking, respectively. Currently five of the RTCA’s 19 special
committees operate jointly with EUROCAE.
European governments and industry also are active
participants in the RTCA’s NextGen Advisory Committee, a
broad-based, high-level source of guidance for the FAA of which
the author is the designated federal official. Patrick Ky, executive
director of the SESAR Joint Undertaking, and David McMillan,
director general of Eurocontrol, are members of the committee.
The Block Upgrades are organised by modules in a matrix of
time (the Blocks) and improvements of specific capabilities (the
Upgrades). Block 0 consists of upgrades with IOCs by 2013.
Block 1 advances will have IOCs in 2018 or sooner. Block 2
improvements will have IOCs scheduled by 2023, followed by
Block 3 upgrades starting no later than 2028.
Each module describes advances in a specific capability. It
identifies the technology, procedures, compliance measures and
business-case determinations needed for implementation.
Documentation identifies dependencies, worldwide readiness for
implementation and metrics to determine success. ICAO intends
all the upgrades to be flexible, scalable building blocks that an
ICAO member state or region can tailor to its needs and level of
readiness. We all recognise that some upgrades will not be
needed or not of interest in some airspace.
Initial aviation system improvements in Block 0, with IOCs by
2013, are not difficult to identify; essentially they comprise the
improvements we have made and are making in today’s system.
They do not require development of new technology, standards
or infrastructure, and they use avionics that are installed in or
available now to the aircraft fleet. Examples of these
improvements include Performance Based Navigation (PBN) and
flexible use of airspace.
Most NextGen and SESAR Block 1 upgrades are well defined,
and the general makeup of Blocks 0 and 1 will come from
current work in these two programmes. It includes integrated
management of approaches and departures, the start of
communicating by data rather than voice, improved surface
management and situational awareness, reduced separation for
wake vortices and steady progress toward trajectory-based
operations. Blocks 2 and 3 are less certain.
All the blocks cover more than just the US and European
efforts. Harmonisation during all the blocks will also encompass
Japan’s air traffic modernisation initiative, the Civil Aviation
Reform of Air Traffic Services (CARATS) programme, and any
other comparable undertaking worldwide.
ICAO has created technical and challenge teams to develop
the Block Upgrades. The technical team of subject matter
experts from industry and government worldwide has been at
work since the beginning of the year, identifying and describing
improvements. The challenge team, comprising senior
executives from government and industry, started work in June
2011 to provide policy guidance and oversight. Several
individuals from the FAA participate in the technical team’s

The FAA continues to play a key role in advancing ICAO’s Block Upgrades, which aim to
facilitate interoperability, harmonisation and modernisation of air transport worldwide.
Upgrades are grouped into four performance improvement areas: greener airports;
globally interoperable systems and data; optimum capacity and flexible flights; and
efficient flight paths

work, and the author is a member of the challenge team. The
technical team has distributed the many dozens of upgrades into
four overarching performance improvement areas: greener
airports, globally interoperable system wide information
management, global collaborative ATM, and trajectory-based
operations.
As each upgrade proceeds through the successive blocks, the
corresponding module shows how the capability will develop.
For example the Block Upgrades for accommodating remotely
piloted aircraft (RPAs) – unmanned aircraft systems (UASs) in
FAA parlance – in civil airspace show a steady progression:
• Block 0 (2013): No RPA capabilities common to NextGen and
SESAR.
• Block 1 (2018): Implementation of basic procedures needed to
operate RPAs in non-segregated airspace, including the ability to
detect other aircraft and avoid them.
• Block 2 (2023): Refined operating procedures that cover loss of
links between the remote pilot and the air vehicle, including a
unique squawk code for lost links, as well as enhanced detectand-avoid technology.
• Block 3 (2028): An operating regime in which RPAs are treated
like any other aircraft, on the airport surface and in nonsegregated airspace.
In the USA we are well on our way towards these and other
capabilities. We have 280 operational Automatic Dependent
Surveillance-Broadcast (ADS-B) ground stations as of July 2011,
and are on track to install the remaining ground stations
nationwide by 2013. We have published standards for the
avionics equipment that establishes an aircraft’s position from
Global Positioning System satellite signals and broadcasts that
position to the ADS-B ground stations, and we will require
aircraft flying in most controlled US airspace to carry this
equipment by 2020.
We have published hundreds of PBN departures, routes and
approaches, including approaches in which aircraft descend
continuously to save fuel and reduce harmful emissions. We
have established 21 metroplex areas – complicated airspace in
multi-airport metropolitan regions – in which we will make
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The FAA outlines its strategy for overhauling the US airspace system through yearly updates to the NextGen Implementation Plan. The 2011 update is available at faa.gov/nextgen. Look for the
next update in March 2012

operations more efficient by tailored integration of PBN and
airspace redesign. Each metroplex project will take three years
and we will complete the last in 2016.
For several years we have been conducting demonstrations of
systems for collaboration among controllers, airlines, airport
personnel and pilots to reduce departure queues, those
potentially long lines on taxiways of aircraft waiting to take off,
with engines running and tempers rising. Using systems of
varying automation and complexity we have shown that keeping
aircraft at their gates instead of on taxiways saves fuel, money
and emissions.
Manufacturers throughout the world, particularly those in the
USA and Europe, recognise the demands we are placing on them
as we improve the systems and procedures we use to operate the
worldwide aviation system. They must accommodate the highly
integrated nature of Block Upgrades capabilities as they meet the
needs of aviation stakeholders. At the same time, the Block
Upgrades initiative offers them an opportunity to plan their
future development activity and make products available in the
right places at the right times. Much of this planning is for the
near term – ICAO estimates a US$120 billion market for air
transportation system improvements over the next 10 years.
Industry is the focus of our collaboration at this time. The
Block Upgrades technical team is putting its work-in-progress
before industry at the Global Air Navigation Industry
Symposium, scheduled for 20-23 September 2011, in Montreal.
The symposium offers an opportunity for industry to gather
information, provide feedback and commit to the Block
Upgrades concept.
The next milestone will be ICAO’s 12th Air Navigation
Conference in November 2012. Member states will receive the
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final version of the Block Upgrades and make an endorsement
decision. With endorsement, Block Upgrades will become part
of ICAO’s Global Air Navigation Plan (GANP).
As a strategic document intended to guide member states and
international organisations that want to improve their air
navigation systems, the plan needs to look beyond its current
focus on the near- and medium-term. The Block Upgrades will
extend the plan’s horizon as advanced operational capabilities
mature. The Block Upgrades will be updated periodically to
keep the GANP current.
As ICAO has pointed out, the most significant risks in global
airspace modernisation are timing and the technical, political
and infrastructure requirements. At the FAA we are well aware
of the need to mitigate these risks as we proceed with NextGen,
and of the help that the Block Upgrades will provide. Like
NextGen, the Block Upgrades will be vulnerable to losing
synchronisation of aircraft equipage with ground deployments,
the timing of government funding and stakeholder investments,
and delays in developing systems, procedures, standards and
infrastructure. The concept of Block Upgrades deals with these
risks in a simple, direct way: if standards are not mature, ground
and air investments are not synchronised or business cases are
incomplete, the advance will be moved to a later Block.
When we overcome risks we reap rewards. When the
worldwide air transportation system reaches Block 1, it will
apply many improvements in surveillance, navigation,
communications, safety and environmental protection that
advanced technology and human ingenuity are opening up for
us now. We will know then that we did the right thing back in
2011 when we merged international planning into a single Block
Upgrades framework. v
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Navigating the
cost of fuel
The next generation of ATM technologies could be the
answer to the industry’s problem of volatile fuel costs
Jean-Luc Derouineau, Honeywell Aerospace

The single biggest expense for every airline is fuel. IATA
predicts that fuel costs will constitute 27 percent of an
airline’s operating costs in 2011, while the average price
of oil continues to rise beyond US$100 a barrel. Every dollar
increase in the price of crude oil results in about US$1.6 billion
in additional costs for airlines each year – costs that are
ultimately passed on to passengers.
The impact of this rising outlay is enormous. In May 2011
IATA downgraded its annual profit forecast to US$4 billion – a
54 percent fall compared with the US$8.6 billion profit forecast
in March 2011 and a 78 percent drop compared with the US$18
billion net profit recorded in the full year previous.
These are worrying statistics and given this critical juncture in
the airline industry, reducing the cost of operations has never
been more imperative. However technologies currently in
development as well as many already available today can
increase airline efficiency, drastically reduce fuel consumption
and thereby decrease operational costs.
The modernisation of ATM is a key area that will have a major
effect on airline operational efficiency. The SESAR (Single
European Sky ATM Research) programme and IATA both
indicate that improvements in ATM alone could improve fuel
efficiency by 10 to 12 percent. To put this in perspective, even a
one percent efficiency gain saves up to 500,000 tonnes of fuel
per year in Europe.
Time for a different approach
Improvements in ATM technology are making giant leaps in
terms of fuel efficiency and operating costs, and nowhere more
so than in the most challenging part of the flight – the approach.
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Instrument landing systems (ILS) have been in general use
since the 1960s, although the technology and concept dates
back to the early 1930s. The concept is still the same today as it
was originally, but technology has evolved greatly giving us new
and improved ways to provide precision guidance to aircraft
approaching and landing.
However ILS still suffers from a number of technical
limitations such as signal interference, multipath effects (for
example due to new building works at and around airports) and
its ability to manage only one approach at a time. These
challenges mean that airports regularly experience reduced
capacity as visibility worsens. In the USA alone 15 of the top
airports suffer greater than 25 percent reduced capacity when
ceilings are below 200ft. In these situations aircraft are often
forced into holding patterns or diversions, increasing fuel burn.
To put this into perspective, the average financial impact on the
operator of diverting a typical narrow body passenger jet for a
go-around is approximately US$6,000. Factor in the
inconvenience to passengers and the knock-on effect this can
have, and the overall cost is much greater.
Grounding your approach costs, not your aircraft
To overcome ILS challenges, Honeywell has embraced groundbased augmentation system (GBAS) technology. The premise of
GBAS is relatively simple – a base station at the airfield uses GPS
satellite signals to detect and correct small approach and flight
path errors to the descending or ascending aircraft in real time.
The result is considerably more precise location data, giving
accurate, efficient and safer traffic movements.
Approved to internationally recognised ICAO standards for
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Category I approaches, Honeywell’s SmartPath increases an
airport’s operational capacity by allowing aircraft to fly more
flexible, curved approach paths and through more precise
terminal area and airport surface navigation. Unlike existing
single runway systems, SmartPath can also support up to four
runway operations simultaneously, with an approach accuracy of
less than one metre in both the horizontal and vertical axes.
The Category I designation enables aircraft to land in
conditions where there is at least 800m visibility at a 200ft
(61m) decision height on approach. The SmartPath precision
landing system will ultimately fulfil the extremely high
requirements of SESAR and NextGen for the accuracy,
availability and integrity of Category II and Category III
precision approaches, bringing the decision height down and
reducing the need for go-arounds and diversions.
In comparison to ILS technology, the potential savings could
reach up to US$400,000 per system per year for airports,
through reduced operational and maintenance overheads –
savings that could be passed on to operators and their
passengers. Currently there are 25 SmartPath systems installed
worldwide, including Newark, Grant County, Rio de Janeiro and
Sydney airports.
Also designed to improve efficiency on approach, Required
Navigation Performance (RNP) goes one step further by using
GPS and Honeywell’s inertial reference systems coupled with the
company’s flight management system (FMS) and cockpit
displays. RNP defines the navigation performance level required
to operate in a particular airspace or on a designated route (en
route, terminal or approach). RNP-approved systems provide the
same onboard capability to conduct traditional area navigation

(RNAV) operations with a higher degree of accuracy. This
capability enables operations with reduced obstacle clearance
criteria for terminal area procedures as well as closer route
spacing – a major contributor to the benefits of performancebased navigation. RNP is independent of ground-based
navigation aids, allowing airlines to fly optimised flight paths
with continuous descent into airports surrounded by
challenging terrain.
Approach navigation reaching new heights
With these technologies we are seeing the industry’s single
biggest shift in approach ATM, culminating in the introduction
of the European Geostationary Overlay Service (EGNOS).
The result of a tripartite agreement between the ESA, the
European Commission and Eurocontrol, EGNOS is one of four
major Space Based Augmentation Systems (SBAS) either already
deployed or planned for the near future – including WAAS, in
use in the USA, MSAS in Japan and GAGAN in India. EGNOS
will improve the accuracy and integrity of the GPS satellite
system to within one metre horizontally and two metres
vertically, enabling LPV (Localiser Performance with Vertical
Guidance) approaches down to 250ft minima. For operators,
SBAS/LPV is a very cost-effective way to provide close to ILS
CAT 1 landing performance without any airport ground
infrastructure. This will allow airspace users to access more
routes and airports without risking major disruption due to bad
weather, and ultimately lower operating costs.
Dassault flew the first approaches using the new EGNOS
satellite navigation system in March 2011. They were flown into
Pau Pyrénées airport in France on a Falcon 900LX equipped
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SmartPath increases an airport’s operational capacity

with Honeywell’s SBAS-compatible EASy II flight deck.
Dassault’s team flew seven approaches during the mission,
confirming the accuracy and precision of the new signal, which
on the runway was close to 30cm.
Individually these technologies have a wide range of
objectives, from improving safety to reducing delays. These are
all important gains, however we are seeing increasing customer
demand for multiple ATM technologies on the ground,
throughout the airframe, and in the sky that together deliver
tangible savings to mitigate the rising cost of fuel. Approach is
just one area in which we can achieve this. However there are
also savings to be made during the flight itself.
Reduced costs through increased flight flexibility
Technology plays a key role in every stage of an aircraft’s flight,
and by retrofitting or upgrading, airlines can achieve major
improvements to overall performance efficiency by reducing fuel
consumption and overall flight time. One important part of the

ATM technology ecosystem is the Traffic Collision Avoidance
System (TCAS). Honeywell’s recently certified TCAS with
SmartTraffic technology delivers efficiency in three ways –
airborne traffic situational awareness (ATSA-AIRB), enhanced
visual separation on approach (ATSA-VSA) and in-trail
procedures in oceanic airspace (ATSA-ITP).
ITP is particularly relevant to in-flight cost reduction, as it
minimises oceanic and remote area aircraft separation by
enabling aircraft to obtain a more efficient routeing while
maintaining a safe yet reduced distance from neighbouring
traffic. With the system pilots can choose a more efficient
altitude during transoceanic flight routeing and move to adopt
that route more quickly than with traditional TCAS systems,

Airspace has become saturated and the
current ATM infrastructure is now
struggling to meet demand
22 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012.
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even if there is no ground-based radar in the area to provide
flight guidance. Ultimately ITP will enable aircraft to fly closer
together on oceanic routes without sacrificing safety – benefits
that will offer operators annual fuel savings of up to US$100,000
per aircraft per year.
Honeywell and SESAR – a focus on the future
Most of the technologies referenced in this article are integral
parts of regional ATM modernisation initiatives such as NextGen
and SESAR – industry-wide programs charged with delivering
on bold efficiency commitments in light of rising passenger
demand.
In Europe, for example, airspace has become saturated and
the current ATM infrastructure is now struggling to meet
demand. This is largely because EU airspace is fragmented into
27 national air traffic control systems and more than 650
sectors. Because of this complexity, Eurocontrol suggests that
routes for intra-European flights are some 15 percent less
efficient than domestic flight routes, with average flights 49km
longer than strictly necessary.
SESAR is looking to save eight to 14 minutes, 300 to 500kg of
fuel and 948 to 1,575kg of CO2 on average per flight by 2020,
and Honeywell is one of 15 partners working with the SESAR
Joint Undertaking (SJU) to deliver technologies that help to meet
these objectives. Right now Honeywell is working with SJU on
over 30 projects, the most recent of which will focus on greatly
improving the efficiency and timing of flight patterns.
4D Trajectory is the cornerstone of the SESAR concept and is
covered through a number of projects that Honeywell is
participating in. 4D navigation and control will enable specially
equipped aircraft to navigate along 3D or 4D specified
trajectories, within a time tolerance along a series of trajectory
waypoints. Using the 4D FMS, the aircraft can compute and
execute the most fuel-efficient trajectory in 4D, then downlink
this trajectory to ATC for negotiation of preferable flight routes
and landing slots. In addition Honeywell is a member of the
SESAR Fly4D consortium, led by Airbus and contracted by the
SJU. The consortium is tasked with developing the tools that
will enable flight operations centres and crews to maximise
benefits from many of the SESAR technologies that are designed
to improve trajectories during the planning and execution
phases of flight.
Tomorrow’s ATM today
As the flight ecosystem is so complicated, the progress on such
initiatives is incremental. However together they provide us, our
partners and customers, with a common goal. Together we have
a great opportunity to contribute to system improvements that
generate badly needed capacity and safety increases while
protecting the environment and reducing our customers’ costs
through efficiency savings.
As air travel continues to increase, combined with volatile fuel
prices, the need for airlines to become further cost effective,
energy efficient and environmentally friendly is now more
important than ever. Honeywell is working with its partners
across the industry to bring next-generation ATM technologies
into mainstream aviation as quickly as possible. As the aviation
industry increases adoption of these technologies under the
guidance of programmes such as NextGen and SESAR, future oil
price rises may not be as great a threat to the industry as they
appear to be today. v
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What’s the risk?
Safe transition to a trajectory-based air traffic system
Peter Brooker
What are the important safety issues in the transition to
a trajectory-based air traffic system such as NextGen
(USA – Next Generation Air Transport System) and
SESAR (Europe – Single European Sky Air traffic Research)? A
key element of risk assessment is modelling. In fact a key
modelling issue is how best to convince a competent decision
maker about the credibility of calculations and arguments. It can
be very hard to identify necessary safety ingredients for
innovation. A major concern is that over-specified safety
requirements might tend to produce system stagnation.
Figure 1 shows the basics of current ATM safety separation
minima. ATC is required to keep aircraft apart by at least the
separation minima, which are different for en route and terminal
areas (TMA). Vertical separation is mainly about altimetry; the
focus here is on horizontal separation. This used to be about
radar accuracy, but now it is more to do with having time to
prevent mid-air collisions. Controllers and pilots generally have
conflict detection systems to help them. Current safety defences
include Mode S radar-based Short Term Conflict Alert (STCA)
and Airborne Collision Avoidance Systems (ACAS) implemented
through TCAS II equipment.
A rigorous risk assessment process needs to be followed if
there are changes to the system. This is a traditional version –
not the only possibility:
• Mathematical/probabilistic models of technical performance
and human decision making;
• Data to populate models;
• Safety targets;
• Comparison of model outputs with safety targets.
To establish credibility in model predictions, it is essential to
be able to validate models. Validation is a demonstration that a
predictive model within its domain of applicability possesses a
satisfactory range of accuracy consistent with its intended
application. Good predictive modelling requires data,
understanding and validation.

Figure 1: Airspace separation minima

Figure 2: Collision risk – early scenario

Figure 2 is an illustration of the kind of collision risk
modelling people did from about 50 years ago. It is appropriate
for procedural, i.e. non-radar assisted, ATC. The figure shows
parallel routes but that is just for simplicity. A risk calculation
needs an estimate of the frequency of deviations and appropriate
kinematics and traffic density factors.
Figure 3 shows what – in a perfect world – collision risk
calculations would tell a decision maker about a system change.
There are two ‘risk versus separation’ lines: the upper is the
present system and the lower the new one. There are two risk
target lines: the present acceptable level and the target to be used
for planning. Point A is the present system. If the system were
not changed it would be acceptably safe to move a separation
minimum to B. With a changed system (e.g. better navigation
equipment), and if current risks were still acceptable, it would
be acceptable to go to C. But a tighter safety target would imply
that the new system would have to use at least D. This kind of
analysis enabled the reduction of vertical separation to 1,000ft.
However failure modes in current ATM systems are generally

Figure 3: Perfect-world risk calculation versus safety target
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Figure 4: Collision risk – ‘current system’ scenario

Figure 5: Risk calculation versus safety target with model and parameter uncertainties

more complex. Modern radar systems enable the effective use of
STCA to assist ATC in identifying potential conflicts. The pilot
has ACAS if something goes wrong with ATC. So there is a high
probability that deviations are detected and that effective
corrective manoeuvres will ensure there is no collision. The midair collision statistics for developed countries show that this
kind of system is much safer.
However it is also much more difficult to calculate the system
risk. Models have to be more complex, because now it is
necessary to cover the probabilities of conflict detection systems
not working. And there are human error probabilities to estimate.
Human errors vary in subtle ways with the nature of decision
making, the tactical tasks being performed and total workload.
The consequence is to change the neat lines of the previous
diagram to some statistical confidence bands – Figure 5. How
wide should these bands be set? In this example the As, Bs, etc.
mean the same thing as before. The new system can use the
lower D point – but this is much closer to the starting point A.
But even that is not the final story. There are very rare risks
from multi-causal factor accidents. These expose latent
weaknesses in a variety of safety defences. Each accident may
well appear to be a unique, almost unrepeatable event. Key
factors are professional lapses and mismanagement. A metaphor
would be poor cleanliness and contaminated drinking water
when treating a diseased patient. This ‘system hygiene’ would be
impaired, which then reduces ATM system effectiveness by
clouding the safety processes – Figure 6.
Two tragic examples of multi-causal factor accidents in the last
decade involving commercial aircraft are:

2002 Überlingen
• Controller had to monitor two workstations, handle issues
with other traffic;
• Phone system was not functioning, STCA aural alert not heard;
• Pilots did not respond to TCAS alerts consistently.
2006 Brazil Mato Grosso
• Improper clearance issued;
• TCAS did not function on one aircraft – inadvertent
inactivation of the transponder;
• ATC errors in handling loss of radar/radio contact.
These were in fact the only two commercial jet mid-air
collisions in the past decade where the aircraft were receiving a
full ATC service. To reiterate, there were no mid-air collisions of
the simpler types shown in Figures 2 and 4.
A conclusion is that there are conceptually different levels of
risk calculation, divided here into Specific, Generic and ‘Lack of
Probability’ – Figure 7. It is comparatively easy to construct
models, but the more complex the model the more difficult it is
to validate it. If it is necessary to rely on general knowledge of
failure probabilities then it is only possible to part-validate. If it
is necessary to estimate risks of nearly unique ‘system hygiene’
accidents, then calculations tend to tell us about our
assumptions. Why would anyone believe that it is feasible to
know all human/physical phenomena and interactions that
significantly affect a system’s behaviour?
SESAR and NextGen are ‘new paradigm’ air traffic systems:
• Gate-to-gate system integration;
• Increased automation of ATC tools to assist operators,
including trajectory negotiation planning and support tools;

Figure 6: Collision risk – ‘cloudy’ multi-causal factor collisions

26 AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012.

Figure 7: Accident risk categories versus safety target
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Figure 8: Steps in transition to the SESAR goal

Figure 9: SESAR: the key paradigm shift

• Exploitation of satellite technology – GNSS and
communications;
• Performance-based requirements (PBN);
• Single ‘4D trajectory’ representations;
• System-wide information network, enabling ground-to-air data
links including accurate 4D trajectory information exchanges.
Note that there are two kinds of PBN specifications. These are
RNAV (area navigation) and RNP (required navigation
performance). The difference is that RNP specification includes a
specific performance control and alerting requirement.
Figure 8 is a recent version of SESAR transition steps. Most
major transitions will probably take place over several years.
There would be quite long periods of mixed operations, with
new kit and concepts being phased in progressively. This is
because business cases have to make sense to airlines and also
for technical reasons – for example the heavy maintenance cycle
for large jets is up to six years.
But there is a key transition from the present ATC paradigm to
the 4D trajectory concept. This is not an idiosyncratic view –
Figure 9 is adapted from standard Eurocontrol material. We
shall term the two concepts ‘V’, on the left, for vectored, the
current way that controllers resolve conflicts, and ‘4D’, on the
right, for aircraft flying on the SESAR 4D trajectory concept.
Mixed populations of V and 4D traffic generate different kinds
of interaction between aircraft pairs. Using the simplest possible
model – no segregation of different categories of flight and

aircraft randomly being V or 4D – produces Figure 10, simply
by multiplying probabilities. This is a surprise the first time one
does the sums. The hybrid V/4D grows rapidly with the 4D
proportion. If 4D is 10 percent of the traffic, it is 18 percent of
the interactions – but 4D/4D interactions are just one percent.
Could airspace planners really be asked to segregate 10 percent
of the flights?
To assess mixed equipage risks, the risk equation in Figure 7
has to be separated out – Figure 11. The main trick is to focus
on encounters between the different categories of traffic. These
are simply situations when two aircraft are in the same
neighbourhood. There are three equations, discussed in turn.
The first part is the V/V encounters:

Figure 10: 4D/4D and 4D/V interactions

This is essentially the present ATM system, so there should be
little need for new analysis, so this would be assessed as safe.
The evidence from the past decade is that SV/V and GV/V are very
small, with LV/V from system hygiene risks – but the inequality is
met. Some implicit assumptions are needed to make such
assertions. First, there must not be a marked shift in controller
workload, resulting in his or her mental resources for V/V
encounters being ‘squeezed’. Second, there is a need for conflict
probe to enable controllers to ‘fit in’ V aircraft. This would
mainly be because of the cognitive processing required to
overlay temporal projections of 4D aircraft in a largely spatial
projection environment.
Next is the V/4D equation:
The V/4D encounters raise major new safety assessment
issues, because they mix legacy V aircraft with new paradigm 4D
aircraft. Hence they introduce potential new failure modes –
emergent properties. Predictive quantitative models still have an
extremely important role, as a necessary screening device to
check for major risk problems. V/4D quantitative risk modelling
would be an essential safety hurdle – but that is a necessary
rather than a sufficient step in quantitative risk assessment. Most
of the quantified risks would be in the GV/4D component. To
quote FAA/Eurocontrol (2005):
“Consequently, today, as the result of the relative data
unavailability, generating human-reliability data is done from
experts (expert judgements techniques), which can be quite
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Figure 11: Accident risk categories versus safety target

Figure 12: Time to collision as a function of distance apart and relative velocity

unreliable when applied to new environments of design or
procedures.”
What would be the way forward? Brooker (2010) discusses
the modelling and validation difficulties, and proposes highfidelity Human in the Loop Simulations – HITLS. Aggressive
resilience tests could be used to attack HITLS, to expose weak
points and show where safety defences might be thin,
insufficient, etc. Could STCA parameters be tailored to deal with
V/4D interactions differently from V/V encounters? This might
be feasible because the system will ‘know’ which aircraft are V
and which are 4D.
The third component is essentially a statement about the
safety of the end-result SESAR system:

There is one clear message: it is vitally important to do more
than design the final system. It is essential to get the transition
process right, particularly the safety of the hybrid V/4D
interactions. Some conclusions:
• Major safety system changes require good predictive risk – an
essential safety hurdle;
• The leading risks now derive from combinations of multicausal factors;
• It is usually very hard to demonstrate that model conclusions
correspond to reality;
• Future traffic mixes V aircraft (vectored traditional ATChandled) and 4D aircraft (on 4D trajectories);
• Hybrid V/4D encounters increase rapidly with the growth in
the proportion of 4D aircraft, and these introduce potential
emergent failure modes;
• Conflict probes are probably necessary to enable V aircraft and
4D aircraft to fly their best routeings – controller workload is a
major issue in the transition process;
• It might be feasible to tailor STCA parameters to deal with
V/4D interactions differently from V/V encounters;
• V/4D modelling needs to be supplemented by high-quality
simulation demonstrations of resilience;
• It would be a difficult decision to reduce markedly ATC
separation minima for any category of aircraft encounters during
transition. v

Here there are potentially good prospects for successful risk
assessments because many error causes would be eliminated.
For example trajectories would be exchanged digitally rather
than by voice, and this would eliminate high error rates
associated with voice communications. Thus many probabilistic
uncertainties of human error/omissions are eliminated, so it
should be the case that S4D/4D « SV/V and G4D/4D « GV/V. It would
be important to try to demonstrate that there would be large
improvements in the ‘lack of probability’ risk. High-quality
research already exists, although modelling assumptions and
potential weaknesses need further work as they generally assume
a separation minimum of 5Nm or even 8Nm. Could the
estimation of L4D/4D be tackled by a relative risk philosophy,
demonstrating that L4D/4D « LV/V? It should be possible to improve
STCA and possibly ACAS by the use of downlinked data.
Should a future ACAS remain an independent system from
STCA or the two be integrated? Safety folk tend to remember the
Titanic lifeboat problem. Their numbers were reduced and
lifeboat drills were perfunctory because of the high confidence
in the ship’s safe design. Figure 12 shows the time to collision
for aircraft at a specific relative velocity from a starting point of a
variety of separation minimum values. Thus, for example, two
aircraft 3Nm apart and approaching with a relative velocity of
600 knots will collide in 18 seconds. If ACAS is to be as effective
in a general encounter as it is at present, with, say, 20 seconds as
the minimum time required to warn the pilot, then the effective
separation minima could not be much reduced if broadly similar
warning times are to be achieved.
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Airspace modernisation
Modernisation of global airspace quality, efficiency and safety through advanced initiatives,
technology and automation
Dave Basil, Arie Herweijer and Dave Rome, Metron Aviation

Founded in 1995, Metron Aviation, a
subsidiary of Airbus, pioneered the
advancement of Air Traffic Flow
Management (ATFM) to develop the industry’s
first Collaborative Decision Making (CDM)
software platform for optimising system-wide
traffic flow among all stakeholders. Today
Metron Aviation is a global leader in ATFM,
CDM, airport surface operations management,
airspace design, advanced research and
environmental analysis solutions for the air
transportation industry.
Metron Aviation fuses advanced science and
mathematics with unparalleled operational
expertise to provide groundbreaking CDM solutions for the
world’s leading air navigation service providers (ANSPs),
airports, airlines and other stakeholders. The company’s
customers include the FAA, FedEx, Air Canada, Memphis
International Airport, Delta Air Lines, Southwest Airlines,
American Airlines, Eurocontrol, Abu Dhabi International
Airport, NAV CANADA, NASA, South Africa’s Air Traffic and
Navigation Services (ATNS), Airservices Australia and more.
Metron Aviation has a proven track record in applying
advanced scientific analysis methods, in conjunction with
unparalleled subject matter expertise, to transition
groundbreaking air transportation concepts into next-generation
operational capabilities and commercial products. The company
has assembled a highly skilled and diverse group of subject
matter experts in all aspects of gate-to-gate aviation that span the
system-wide spectrum including: airport surface management,
terminal, wide area and oceanic ATC, traffic flow management,
flight dispatch, cockpit operations, weather, safety, standards
and regulations.
Metron Aviation develops and deploys integrated software
solutions that optimise air traffic throughput and predictability.
Flight Schedule Monitor (FSM), deployed system-wide in 1999,
is an integral part of traffic management for the FAA’s Air Traffic
Control System Command Center (ATCSCC) and over 100
other FAA facilities, as well as NAV CANADA and 16 domestic
and international airlines.
Metron Harmony is an advanced, integrated ATFM solution
that provides strategic, pre-tactical and tactical efficiency, post
operations metrics and performance analysis of air traffic
operations for industry leaders including Delta Air Lines, ATNS
and Airservices Australia. Metron Aviation’s ATFM solutions
incorporate a comprehensive understanding of system-wide
interdependent events and have delivered great returns on
investment, saving a total of more than 68 million minutes of
delays, 186 million litres of fuel, 573 thousand tonnes of CO2
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emissions and approximately US$6.3 billion
in operating costs.
The three tools that encompass Metron
Harmony are Metron Harmony for ANSPs,
Metron Harmony for Airlines and Metron
Harmony for Airports. These three tools all
support current and emerging CDM
concepts including European Airport CDM
and FAA CDM, to improve efficiency and
predictability. Metron Harmony supports the
following operational domains associated
with gate-to-gate operations:
• Strategic, pre-tactical and tactical traffic
flow management through slot allocations
and Calculated Takeoff Times (CTOT);
• Pre-tactical and tactical departure management for merging
into an en route stream or to a common departure fix;
• Pre-tactical and tactical aircraft sequencing, scheduling and
runway allocations to meet airport arrival operating constraints;
• Pre-tactical and tactical airport surface management for
optimising operations;
• Fuel, emissions and noise impact modelling, monitoring and
reporting;
• Operational and post operations metrics and performance
analysis.
Metron Harmony for ANSPs
Metron Harmony for ANSPs is currently deployed in South
Africa and Australia. It provides a framework for exchanging
data among users who share the need for a common view of air
traffic flow operations. It serves as the foundation for ATFM,
working within and across multiple airports, FIRs and ANSPs.
Metron Harmony for ANSPs improves efficiency and
predictability. Using data from multiple sources, air traffic is
monitored in real-time to ensure users have the most up-to-date
demand and capacity information from selected airports and
airspaces. Users are able to model and implement traffic
management initiatives to align air traffic demand with available
capacity through specific airport-based and airspace-based flow
programs. The aggregated available data provides ANSPs, aircraft
operators and airport operators with the ability to examine flight
details. In-depth analysis and reporting features enable users to
continually improve operational performance.
Metron Harmony for ANSPs users can view predictions of air
traffic demand at selected airports and airspaces. When
conditions such as weather, controller staffing, equipment
outage or spikes in air traffic demand affect a resource’s capacity,
easy-to-understand visuals and advanced modelling enable users
to monitor the impact of those conditions. Using Metron
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Metron Harmony’s Integrated ATFM solution provides an integrated view of system-wide operations for gate-to-gate optimisation

Harmony for ANSPs, ANSP users can identify a capacity/demand
imbalance, model the impact of alternative Traffic Management
Initiatives (TMI), coordinate TMIs with CDM participants and
determine which alternatives yield optimal solutions to address
the capacity/demand imbalance. Metron Harmony for ANSPs
continually updates the predicted demand so that ANSP users
can monitor the operational conditions and modify the TMI to
adapt to the changing environment.
Metron Harmony for ANSPs fully embraces and supports the
goals and processes of CDM. It enables an aircraft operator to
exchange slots between its flights and other flights in real time,
thus optimising use of the overall capacity created by the ANSP
to achieve business goals. The slot substitution capability is also

Metron Harmony for ANSPs Case Study – ATNS,
South Africa
The challenge
South Africa’s ATNS is responsible for ATC in approximately 10 percent of
global airspace. Operating at 20 airports in the country, including O.R.
Tambo, Cape Town and King Shaka (Durban) Airports, ATNS is internationally
recognised as one of the top ANSPs in the world. ATNS safely and efficiently
manages about 685,000 arrival and departure movements per year.
The responsibility for the management of air traffic flow and capacity
management within South African airspace resides with the Central Airspace
Management Unit (CAMU). The unit’s responsibilities include comprehensive
management of the airspace.
Over the past decade tourism and travel in South Africa has steadily
increased by approximately seven percent a year. With the increase in aircraft,
passengers and total air traffic movements, South Africa needed to manage
airspace more efficiently while enhancing safety. When South Africa was
awarded the FIFA 2010 World Cup, airspace optimisation and management
became an even larger challenge. The total number of daily aircraft, which
averaged 2,000, would turn into 4,000 at peak periods during this global
tourism event. In addition there was a total influx of over 350,000 visitors.
The solution
ATNS deployed Metron Aviation’s ATFM system, Metron Traffic Flow, at the
CAMU, which is located in the Johannesburg ATC Centre. The Metron
Aviation ATFM system gives ATNS advanced tools for strategic planning as
well as pre-tactical and tactical management of traffic flows within the
available capacity of the ATM system. The system provides the CAMU with

available through an advanced component called the Enhanced
Substitution Module (ESM), which gives aircraft operators
extensive and automated flight schedule management. Aircraft
operators, air traffic control tower users and airport operators
may view Calculated Takeoff Times (CTOT) for all flights using
a web-based user interface. Aircraft operators may also modify
their flight data, including Target Off-Block Time (TOBT),
Earliest Airline Takeoff Time (ELTOT), Earliest Airline Landing
Time (ELLDT) and registration numbers.
Metron Harmony for Airlines
Metron Harmony for Airlines, the industry’s first ATFM solution
for airlines, improves the overall efficiency of airline operations
comprehensive ATFM capabilities to model and implement all traffic flow
initiatives for both airport and airspace volumes in South Africa. Traffic flow
initiatives are used to dynamically balance air traffic demand with capacity to
keep traffic flowing as smoothly and efficiently as possible. The system
interfaces with ATM production systems, including Thales’ airspace
monitoring, EUROCAT and other software systems, through a scalable,
event-driven data gateway.
During the World Cup ATNS safely managed a total of 108,120 aircraft
arrivals and departures across 20 airports. The Aeronautical Information
Management (AIM) team filed a total of 57,187 flight plans that facilitated
this process. During the staging of the tournament ATFM initiatives were
dealt with on a tactical level by unit and CAMU management on the day of
operations. The ATFM solution assisted in the strategic planning for the event
as well as allowing ATNS to work together with customers on a pre tactical
and tactical level to ensure the efficient flow of air traffic. With advanced
CDM features, Metron Traffic Flow maximised throughput for all users and
provided a basis for more predictable scheduling.
The business case*
• Greater than US$1.2 million in savings per annum in jet fuel for every
minute less at runway hold (Johannesburg)
• Greater than US$700,000 reduction in airborne holding due to less
weather disruption (Johannesburg)
• Greater than US$400,000 in additional fuel burn savings
• This makes a total of US2.3 million per annum
*Source – Eyes on the Prize: Efficient flow management at the World Cup.
CANSO Airspace, Q2 2010
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Metron Aviation’s ATFM system provides ATNS with the ability to balance capacity and demand in South African airspace

and aids in tactical and pre-tactical decision making. The
solution provides an integrated view of real-time and predictive
air traffic conditions along with airport surface operations to
dramatically improve on-time performance, reduce taxi delays
and lower operating costs. It is a web-based, decision support
solution and surface situation display that delivers real-time
reporting and analysis.
Additionally airlines can view current and future airport
surface conditions, manage the movement of aircraft on the
airport surface and optimise the flow of traffic at the airport and
throughout the entire network. Metron Harmony for Airlines
also enhances ramp and ground operations by integrating realtime, national, regional and local traffic flow demand
information with airline operational data to enable aircraft
operator personnel to plan before impending irregular/offschedule operations. The solution uses predictive traffic flow
intelligence to recommend, evaluate and implement airline
schedule adjustments that improves throughput, decrease
surface gridlock and reduce taxi times.
Metron Harmony for Airlines’ visual alert capabilities provide
aircraft operators with advance awareness of potential delays,
gate and lane conflicts, as well as flights that have or are
predicted to have a taxi time that exceeds a configurable
threshold. The solution also provides workflow features that
enable users to escalate potential issues to relevant decision
makers at all levels.
Beyond its alerting and predicting of surface saturation
capabilities, Metron Harmony for Airlines allows aircraft
operators to actively manage surface gridlock and gate
congestion. The surface saturation management capability assists
the airline as it develops and executes pre-tactical plans to
maintain the number of flights at the airport within manageable
bounds. The solution includes a flow rate manager that allows
airlines to implement an internal flow rate program, tailored to
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the anticipated surface problem. Using these specified
parameters, the system assigns recommended aircraft arrival and
departure times to balance the distribution of flights on the
surface and alleviate predicted congestion issues.
Metron Harmony for Airports
Metron Harmony for Airports provides stakeholders with
increased common situational awareness, not only to increase
capacity and reduce delays, but also address kerbside operations
to improve customer satisfaction and aircraft maintenance.
Airport authorities will benefit from Metron Harmony for
Airports, as it offers a link between all airport partners, through
a single consistent view of airport operations. Benefits include
increased efficiency, leading directly to greater capacity, efficient
recovery from disruptive events and optimised gate/stand
management. For the airport operator, benefits include
optimised shared situational awareness of airport surface
conditions between airport operators, flight operators, terminal
operators, flight plan services providers and the ANSP.
Additionally there will be immediate improvement in demand
and capacity predictions, thereby maximising available airport
and airspace capacity, while minimising adverse effects on users,
passengers and the environment. Passengers will benefit from an
overall reduction in delays, more efficient queues for check-ins,
security and customs, faster baggage retrieval and fewer missed
connections. When schedule disruptions occur, operations
recovery will be faster. Environmental benefits include reduced
emissions (carbon and noise) due to accurate pushback start times
and more efficient taxi times through efficient bay allocation.
Metron Aviation is fully committed to the modernisation of
the global airspace through increasing quality, efficiency and
safety. Metron Aviation’s initiatives follow gate-to-gate trajectory
management and kerb-to-kerb optimisation through technology
and automation. v
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Aircraft
noise: Facts,
myths and
questions
A short survey of aircraft noise exposure: the
basic facts, a few well-known myths and some
questions still to be solved
Peter Brooker and Peter Havelock
The topic here is aircraft noise exposure, which is the
amount of noise at a given location or experienced by a
population. Individual noise events, such as the passage
of an aircraft overhead, are measured by a variety of metrics, but
the simplest and most common is ‘A-weighted decibels’, usually
written dBA. The peak noise – LAmax – is the simplest descriptor
of a noise event, but it turns out that the noise energy in the
event, the ‘sound exposure level’ (SEL) is more useful for noise
exposure purposes. SEL’s noise energy values can be combined
to produce Leq – the ‘equivalent continuous sound level in dBA’.
This is described in Panel 1 – Summary of Noise Metrics –
which shows that there are a variety of Leq-based noise metrics.
Leq is important for noise exposure because it is a purely
physical measure that correlates well with people’s disturbance
measured in large-scale social surveys. Higher Leqs generally
imply that people express more annoyance. This is a good
statistical relationship about populations of people – not
predictions about specific individuals – because people’s
reactions to noise are very variable (see ERCD website, in

Figure 1: Annoyance versus Leq relationships
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Figure 2: Example of Heathrow Leq contours
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PANEL 1: SUMMARY OF NOISE METRICS
Leq is the ‘equivalent continuous sound level in dBA’:

where L(t) = the sound level L (A-weighted – i.e. matching the human
ear’s responses) at time t; and T = duration of the measurement period in
seconds.
For a sequence of discrete events, as with aircraft noise, Leq can be
expressed in terms of the number of events that occur during the
measurement period and their average sound exposure level (SEL):

Figure 3: Simplified example of attenuation of noise with distance from track (an 8dB
reduction for every doubling of slant distance curve)

particular DR Report 8402 and DORA Report 9023). A key
point in Panel 1 is that there is a logarithmic there is a
logarithmic – rather than an arithmetic – dependence on the
number N of aircraft heard. Leq is not a perfect measure of
disturbance, but several decades of research have not produced
a markedly better metric in terms of the match to people’s
annoyance.
Good-quality studies in many countries produce the same
kind of long-term ‘low growth’ relationship for airports where
annual traffic growth is typically less than five percent (Figure
1). If there is markedly more rapid growth, this curve shifts
upwards and then goes back to the original curve. Short-term
can be a misnomer because the time taken for this process can
be several years. Two key factors are habituation – people get
more used to the higher noise exposure – and population
sorting – people who very much dislike the increased noise tend
to move away and others who are less worried tend to move into
the noisier neighbourhoods. These property moves are very
dependent on the nature of housing transactions in the country
concerned.
Figure 2 shows an example of the UK’s official noise contour
for Heathrow Airport. This is calculated first by essentially
simulating the inbound and outbound flights, including their
actual paths. The adherence to the paths reflects lateral
navigational performance and air traffic control instructions,
which can involve vectoring and a variety of height profiles. This
activity simulation is then used to estimate the noise produced
by the flights.
The inverse square law implies that noise decreases by 6dB
per doubling of distance, with a further ~2dB per doubling of
distance being added to allow for the fact that the atmosphere is
not a perfect transmission medium and attenuates any sound
passing through it. A further, more complicated, allowance is
made for lateral attenuation where the effects of directivity and
impedance come into effect at low angles of incidence. Figure 3
shows roughly how noise attenuates with distance for an aircraft
at 5,000ft.
The noise heard on the ground from a particular flight
depends on its type – old aircraft usually generate more noise
than newer types, and large aircraft usually generate much more
noise than smaller ones. Figure 4 illustrates the noise generation
and attenuation factors for two aircraft at the same slant range to
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SELi = the sound exposure level of the ith event, i.e. the noise level over one
second equivalent in noise energy to the ith event;
N = number of aircraft noise events.
SEL = logarithmic average of individual noise events with sound exposure
level SELi;

The UK’s Leq annoyance index is a day-evening level (0700 to 2300) without
any time weighting (NB: sleep disturbance is assessed separately by Leqbased measures). There is a family of time-weighted Leq indices. The dayevening-night level Lden adds an artificial extra number of decibels to aircraft
noise levels, 5dB and 10dB for the evening (1900 to 2300) and night (2300
to 0700) periods respectively (all times local). Thus:

Ldn is (mainly) a USA metric, similar to Lden. It has no evening weighting, but
the night period extends for nine hours, from 2200 to 0700:

observers. ‘Clean’ aircraft, i.e. those in constant speed cruise
operation, generate much less noise than the same type at low
level, where airframe noise is increased by wheels, flaps,
elevators, etc.
Panel 1 and Figures 2 to 4 are the basic tools for understanding
how to reduce Leq and hence annoyance. These include:
• Do not allow aircraft to fly near people;
• Change aircraft routes to avoid populated areas;
• Reduce local noise by ‘cleaning up’ the airframe configuration;
• Increase attenuation by increasing aircraft altitude;
• Reduce source noise generation by engines, airframes.
The manufacturing industry has in fact made huge
improvements in the final item over the past half century.
Myths and questions
Surely small changes in Leq noise exposure from, for example,
limited extra traffic are not significant? Some acoustics
consultants make this kind of quantitative assertion, for example
saying that a <2dB change is ‘negligible’. However there does not
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Figure 4: Factors affecting noise heard on ground

Figure 5: Effect of higher precision lateral route navigation

appear to be any technical, social survey or policy work to
support such a statement. The nature of ‘low’ annoyance is hotly
debated in the research literature and public inquiries. For
example some observers argue that it means that most(?) people
are ‘not at all annoyed’ by that level of noise exposure; others
that it corresponds to social indicators such as house prices
showing no measurable aircraft noise effects.
Does better navigation improve noise exposure? This is an
important question given the increased use of precision
navigational equipment and consequent changes to ATC
procedures. Figure 5 sketches the implications. Underneath the
route the noise exposure goes up, while well away from the
route it goes down. Noise contours become slimmer but longer.
The quantitative impact via Leq on people affected depends
critically on the population density distribution relative to the
route centreline.
Does splitting a departure route improve the noise climate? By
splitting is meant introducing a new route that initially overlaps
an existing route but then diverges and is then laterally some
distance away. The two routeings might then each take about
half the total traffic. Figure 6 shows that this is not likely to be a
winner. The people under the old route get some gains but the
people under the new route get a large increase, even apart from
the short-term shift upwards in the annoyance response curve.
This splitting was in fact tried out in the 1970s for a Heathrow
routeing – and generated (the predicted) very negative
disturbance reactions. However if traffic were to be alternated
between two routes there is the potential for ‘respite’ benefit, as
described in the following paragraph.
Does varying runway operation reduce disturbance? There is
some empirical evidence that people’s real-life annoyance at
aircraft noise is in part determined by its time patterns (Brooker,

2010). People benefit from Heathrow’s regular and predictable
alternation cycles on westerly operations, equivalent to an
effective Leq value for that operational mode some 2dB less than
the measured Leq. Residents typically support the principle of
runway alternation (HACAN, 2010).
More could be done to reduce departure noise. Noise
Abatement Departure Procedures (NADPs) have been under
development since the introduction of jets in the 1950s. They
specify safe altitudes for thrust reduction from take-off power to
climb power and initial flap retractions. Figure 7 illustrates
NADP 1 and the later NADP 2, which is generally more fuel
efficient, but there are also local air quality implications because
of NOx emissions. NADPs do not achieve a reduction in noise in
total: they redistribute noise. Speed differences can have an
effect on the achieved separation between departures. Airspace
designers can improve lateral positions to avoid populated
communities, but have to comply with safety-related constraints,
for example that aircraft do not exceed an average bank angle of
15° during turns.
Steeper approaches would reduce landing noise dramatically.
Runway glideslopes are almost always set at 3°, a noted
exception being London City Airport at 5.5°. Steeper approaches
are normally restricted to cases where obstacle clearance
precludes a normal glideslope (ICAO, 2006). But there has been
continued research into more general use of steeper approaches
since the 1960s (e.g. Rhodes, 1998). These included ‘twosegment’ variants – 4°-7° transitioning to 3° – and ‘one-segment’
up to 6°. The benefits of these kinds of approach would be very
worthwhile in Leq terms, estimated at up to 6dB. Two-segment
approaches were not pursued after the mid-1970s because of
safety concerns about the transition from the steep to
conventional segments at low altitude.
One-segment approaches were the subject of much research
in the 1990s and are currently being studied (in particular
operational issues such safety and pilot workload) by ICAO’s
Committee on Aviation Environmental Protection. Large
commercial jets are not usually certificated for steep approaches.
The largest aircraft currently carrying out 5.5° approaches is an
A319 with approximately 130 passengers (for certification, etc.
issues, see Lutz and Wieser, 2006). From an ATC viewpoint it
would be necessary to solve the problem of a mixed glideslope
population, i.e. with successive landing aircraft using different
glideslopes.
Increase use of LPLD and CDA – and make them better! In
Low Power/Low Drag (LPLD) the pilot delays the extension of
the flaps and undercarriage until the final stages of the approach,

Figure 6: Route split noise implications
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Peter Brooker is an aviation consultant, Peter Havelock is head of
ERCD in the UK Civil Aviation Authority. The views expressed are
personal opinions and do not necessarily reflect official policy
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Figure 7: NADP 1 and 2 profiles (adapted from Dibley, 2010)

subject to compliance with ATC speed control requirements and
the safe operation of the aircraft. In Continuous Descent
Approach (CDA), there is a 3º approach without any level
segments. An earlier ‘conventional’ approach would typically
include a 5Nm level segment at 3,000ft. The noise benefits from
the two techniques are substantial: the aircraft is higher up and
in a cleaner flap/landing gear configuration. They are already
used extensively at major airports, for example more than 80
percent at Heathrow, but the achievement could be higher –
which requires further work by airlines and ATC.
There are more advanced versions of these kinds of
approaches, including Optimised LPLD, Segmented CDA
(SCDA) and Advanced CDA (ACDA) (e.g. Koenig et al, 2005).
There could be substantial noise benefits, but Table 1 shows that
major problems would need to be resolved, most of which
would require current and next-generation aircraft rather than
existing flight management systems. The more complex the
procedure, the more necessary it would be for ATC to use
appropriate computer assistance for sequencing aircraft into
terminal areas and to the runway.
Conclusion
Aircraft noise and its effects are intrinsically complex, and can be
subject to misinterpretation, leading to the propagation of
myths. This article has attempted to dispel some of those myths
– but there are still questions on this contentious subject that
remain to be solved.

Table 1: Advantages and Disadvantages of NAPs related to the reference LPLD
Optimised LPLD

CDA

SCDA

ACDA

Noise Level below Flight Path

+

++

+++

+++

Lateral Noise Distribution

+

+

+/-

+/--

Feasibility

0

0

-

-

Safety

0

0

-

-

Passenger Comfort

0

+

-

-

Economic Efficiency

0/+

--

0/-

---

+ better than today’s standard, 0 equal to today’s standard, - worse than today’s standard.
[Adapted from Koenig et al (2005)]
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From strength
to strength
Responsible for 10 percent of the world’s airspace, the
Air Traffic and Navigation Services Company of South
Africa also feels that it has a duty of responsibility
towards the environment
Anna Sanfilippo

The Air Traffic and Navigation Services Company of
South Africa (ATNS) was incorporated in terms of the
ATNS Act, Act 45 of 1993, and is mandated by the State
to provide safe, expeditious and efficient air traffic management
solutions and associated services within the South African
airspace in accordance with ICAO Standards and Recommended
Practices and the South African Civil Aviation (SACAA)
Regulations and Technical Standards.
Standing proud with over 950 dedicated and professional
employees, ATNS safely manages more than half a million
aircraft arrival and departure movements per year. ATNS
operates at 21 aerodromes across South Africa and is responsible
for 10 percent of the world’s airspace.
The ATNS service offering extends further than the familiar
ATC service into the provision of vitally important aeronautical
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information used for all flight planning purposes as well as
search-and-rescue coordination activities and the maintenance of
a reliable navigation infrastructure. ATNS’s Central Airspace
Management Unit (CAMU) is responsible for the management of
the flexible use of airspace and also provides support for special
air events and special requirements such as test flights and
demonstration flights. The Aviation Training Academy actively
trains licensed air traffic controllers and technical staff for both
ATNS and international delegates.
Our technical environment
ATNS’s operations have always been characterised by very high
standards of technical and engineering services. The technology
infrastructure is constantly being maintained, upgraded and
augmented to further increase efficiencies and effectiveness.

Management

Radar equipment at Cape Town International Airport

Performance based fuel-efficient flying navigation uses the
improved navigation capability of aircraft to enable more
accurate operations in the departure, en route and arrival phases
of flight. The enhanced navigation capability enables reduced
separation between aircraft and it facilitates optimum
trajectories, resulting in reduced fuel burn and less CO2 and
noise emissions. We are also planning to further develop
continuous descent approaches. This initiative enables aircraft to
use the minimum power setting for reduced fuel-burn during
the descent and arrival phases of flight.
PBN is helping the global aviation community reduce aviation
congestion, conserve fuel, protect the environment by reducing
emissions, reduce the impact of aircraft noise and maintain
reliable, all-weather operations, even at the most challenging
airports. It provides operators with greater flexibility and better

operating returns while increasing the safety of regional and
national airspace systems.
PBN defines performance requirements for aircraft navigating
on an ATS route, in a terminal procedure and within a
designated airspace. PBN supports an increase in ATC system
capacity and efficiency. It brings about environmental and safety
benefits as well.
Saving our environment
Airspace efficiencies: ATNS is implementing a project to review
the design and operating efficiencies of the airspace servicing the
Gauteng area. The result will be improved efficiencies regarding
optimum trajectories and, therefore, reduced emissions.
Procedure design: The procedures developed for the new King
Shaka International Airport all enable ‘clean speed’ arrivals and
departures and shortened routeings. Clean speed is a term used
to indicate that the aircraft flies at a speed and power setting that
does not require the use of additional control surfaces (flaps,
slats, etc). The same principles are applied to all new procedure
design activities.
Oceanic random routeing areas: ATNS has been instrumental
in implementing random routeing within the Atlantic and
Indian Ocean areas. This initiative allows aircraft to make
optimum use of upper winds in their route planning and
execution enabling higher efficiencies and reduced fuel burn and
less CO2 emissions.
Reduced vertical separation minima (RVSM): This initiative
allows aircraft to operate at optimised cruising levels with
reduced vertical separation standards, dependent on the aircraft
and flight crew certification. RVSM contributes greatly to
reduced fuel burn and reduction of emissions. ATNS continues
to provide regional monitoring services and support the RVSM
project management team with post implementation review and
reporting.
Green IT initiative: The past decade has seen increasing
emphasis on environmental sustainability and green initiatives.
In the year under review the ATNS information technology
department introduced a green practice as part of the global
drive to reduce the carbon footprint of server environments
through the efficient use of available resources. This was
achieved by employing innovative server virtualisation
technologies. The result is that ATNS has achieved efficiency
improvements in the server environment that resulted in 75
percent less power, cooling and associated infrastructure costs
for the range of servers that have been virtualised. ATNS has
reduced its physical server count on identified servers from 30
servers down to nine, a further reduction in power and cooling
was achieved through SMART server technology, which enables
the server to use additional resources only when under
processing load. During periods of low/no load the servers run
using the bare minimum power.
Air traffic flow management tool: The CAMU uses a number
of techniques at the strategic and pre-tactical operational
planning phase to balance demand and capacity in order to
minimise potential delays in the national airspace system. These
include the allocation of arrival and departure slots at slot
coordinated airports and thereafter dynamic allocation of
calculated take off and arrival times on the day of operations.
These two techniques enable delays resulting from operational
and weather events to be kept to a minimum and as a
consequence the need for aircraft to hold on at the manoeuvring

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012

41.

Management

Above and below: Radar hall at OR Tambo Operational Complex in Johannesburg

area with engines running, which contributes to the reduction in
greenhouse gases in the airport environment.
Green flights: The Indian Ocean Strategic Initiative to Reduce
Emissions (INSPIRE) is a collaborative industry initiative
focused on the Indian Ocean region and includes as working
partners ATNS, Airservices Australia (ASA) and Airports
Authority of India (AAI), and is designed to lessen the
environmental impact of aviation through the development and
implementation of operational procedures for all phases of flight
on a gate-to-gate basis.
The INSPIRE partners have agreed to:
• Accelerate the development and implementation of operational
procedures to reduce the environmental footprint for all phases
of flight on an operation by operation basis, from gate to gate;
• Facilitate the worldwide interoperability of environmentally
friendly procedures and standards;
• Capitalise on existing technology and best practices;
• Develop shared performance metrics to measure improvements
in the environmental performance of the air transport system;
• Provide a systematic approach to ensure appropriate mitigation
actions with short, medium and long-term results.
INSPIRE demonstration flights aim to showcase the efficiency
and emissions reductions achieved through the use of advanced
air traffic management procedures in every phase of flight, from
gate to gate. INSPIRE builds on the green ATM procedures and
technology demonstrated in the Asia Pacific through the Asia
and Pacific Initiative to Reduce Emissions (ASPIRE) partnership,
extending the benefits across the Indian Ocean. Through
ASPIRE, airlines have already reported an average saving of
234kg of fuel per flight.
ATNS played an integral role in optimising air traffic
management during the inaugural INSPIRE demonstration flight
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between Perth and Johannesburg on 10-11 March 2011. South
African Airways flight 281, an A340-300 (ZS-SXD), departed
Perth’s Runway 21 shortly before midnight. In total a saving of
400kg of fuel – equivalent to approximately 1.2 tonnes of CO2 –
was recorded.
The INSPIRE strategic plan activities aim to reduce fuel burn
and greenhouse gas emissions, thus reducing aviation’s impact
on the environment.v
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Paradigm shift
The latest concepts and integration for meteorological services in support of air traffic
management and performance-based navigation
Steven Albersheim, US FAA; Dennis Hart, Eurocontrol; CM Cheng, Hong Kong Observatory; Larry Burch,
AvMet Applications

Over the past several years ICAO has been working
towards new concepts for global ATM and new forms of
air navigation such as the concept of performance-based
navigation (PBN). Numerous articles and papers have been
presented on these topics and the concepts are well defined in
ICAO documents from publications such as the Performancebased Navigation (PBN) Manual, Global Air Traffic Management
Operational Concept, the Manual on Air Traffic Management
System Requirements, and Flight and Flow Information for a
Collaborative Environment (FF-ICE) introduced by the ICAO
Air Traffic Management Requirements and Performance Panel
(ATMRPP) to improve the efficiency of traffic flow with PBN.
None of these documents has yet presented a clear insight on
the meteorological services required to support global ATM. One
thing that we can be assured of is that tomorrow’s required
meteorological information will be more complex and digitally
based, and therefore different from today’s simple weather
products as stipulated in ICAO Annex 3, a document that lays
down the standards and recommended practices in providing
MET services for international air navigation.
Met support to global ATM and PBN
The international air navigation system is currently undergoing a
paradigm shift from ATC environments to more integrated and
collaborative ATM systems. This change aims at ensuring that
ICAO’s vision of a secure, efficient and environmentally
sustainable air transport system will continue to be available to
all aviation stakeholders at the global, regional and national
levels. The new ATM systems will make use of the enhanced
capabilities provided by advances in science and technology, and

will enable effective sharing of information under the concept of
collaborative decision making (CDM).
A gap has been recognised between the meteorological
products stipulated in the existing ICAO Annex 3 and the
evolving ATM user needs for meteorology in connection with
global ATM and navigation concepts such as PBN. The main
objective of meteorological support to global ATM and PBN is to
ensure that maximum throughput is sustained in all
meteorological conditions.
Some initiatives to address these challenges include NextGen
in the USA and SESAR in Europe. Over the past few years the
World Meteorological Organisation (WMO) has also been
studying the issues from a meteorological service provider
perspective via a concept of Meteorological Services in the
Terminal Area (MSTA). This effort has been led by an expert
team from the Commission for Aeronautical Meteorology
(CAeM).
The above objectives call for more integration of
meteorological information into ATM processes, compared with
today’s concept where users (controllers, traffic managers,
dispatchers and pilots) interpret meteorological information and
then manually integrate the information into traffic decisions
based on their understanding of the information presented. In
the future, meteorological information will be integrated into
flight management systems, as well as ATM decision-support
systems, to support safe and more efficient flight.
It is of the utmost importance that future meteorological
information will enable translation into ATM system constraints
and matters of concern to ATM decision makers. In particular
the interpretation and translation of weather information should
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Above: MIT Lincoln Lab route availability planning tool (RAPT) for the USA. Picture
courtesy of US FAA Right: Airport thunderstorm nowcasting system, Hong Kong, China.
Picture courtesy of Hong Kong Observatory

be automated and objective rather than varying according to the
experiences of individual users.
Integration of meteorological information into ATM and the
use of sophisticated decision-support tools (DST) will better
enhance trajectory-based operations (TBO) and improve traffic
management in congested and high-density airspace. Integration
incorporates weather information into the DSTs that formulate
the most efficient air traffic routeing and flight-profile solutions,
and continually account for inherently dynamic weather
phenomena. The ultimate goal of integration is to objectively
translate weather information from purely meteorological data
into weather impacts on air traffic operations – enabling end
users to make decisions based on impacts rather than on
meteorological interpretation.
Another key precept of the future meteorological support to
ATM and PBN is the characterisation of weather forecast
uncertainty. Proper use of uncertainty information potentially
expressed as probabilistic forecasts is a form of risk
management. Deterministic weather information essentially
conveys that the probability of occurrence is greater than or less
than 50 percent without conveying the level of uncertainty. A 50
percent threshold for decisions may be appropriate if all possible
outcomes are equally costly. However if some outcomes are

more expensive than others, the threshold for decisions may be
higher or lower than this percentage. The availability of
probabilistic weather information will enable decision makers to
make binary decisions according to their own objectively
determined thresholds for action.
A global information infrastructure
In 1983 ICAO introduced the World Area Forecast System
(WAFS), which in essence provided an initial framework for a
global meteorological information service by the introduction of
grid point wind and temperature forecasts.
Over the past several years there has been an introduction of
turbulence, icing and cumulonimbus (CB) clouds in grid point
format as the modelling capabilities have greatly improved to
where the World Area Forecast Centers can provide a global
forecast for these elements. All these elements are provided in
four dimensions, but in coarse spatial, vertical and temporal
resolutions. But while the WAFS data may be sufficient for
today’s flight planning needs in uncongested airspace, it will not
meet the needs of PBN or operations in congested airspace. As
such this framework needs to evolve.
An integral part of this evolution is the development of
information exchange standards that ensure global
Air traffic meteorological
category forecast of
Japan: tabular format
(left), map-type format
right). Picture courtesy of
Japan Meteorological
Agency
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ICAO PROVISIONS
ICAO Annex 3 for meteorological services is structured for today’s weather
forecasts and products in support of primarily flight planning, pre-flight
briefing and hazard avoidance during the execution of flight. This is
reflected in provisions for paper-based Significant Weather (SIGWX)
Forecasts and teletype generation-based coded TAFs, METARs and
SIGMETs. Global meteorological support to ATM and PBN will require much
more information than is provided by these traditional chart- and text-based
products and other means of exchange. To support PBN, for instance,
the meteorological data will be drawn from a 4D database that will be
integrated into risk-based flight path trajectories.
Furthermore ICAO Annex 3 and guidance materials do not differentiate
between congested and other airspace in terms of meteorological provisions. Therefore to effectively support new ATM or PBN concepts a realignment of meteorological service provisions to address the needs of different
airspace categories is required.
It is suggested that this realignment also reduces the volume of technical
material in Annex 3 by transferring the more technical, sophisticated and
rapidly changing material to a Manual, which is empowered by Annex 3 or
the so-called ‘Procedures’ rather than just amending the Annex, which is
the common practice.

The potential shift in the allocation of meteorological provisions in ICAO, including a
differentiation between routine and congested airspace

interoperability. Not only from a meteorological perspective but
also interlinked with other identified data domains that are
relevant for ATM and PBN. DSTs will not only use
meteorological information but will also fuse meteorological
information with other relevant information such as
Aeronautical Information Service/Management (AIS/AIM) and
flight information to support knowledge-based decision making.

Airport capacity forecast based on probabilistic weather information in the Netherlands.
Picture courtesy of KNMI

Conceptual diagram of the MET information for various kinds of airspace, depending on
traffic density and congestion

As a first crucial step ICAO is developing with WMO a
common baseline for the future information exchange. This will
be based on regional developments such as Weather Information
Exchange Model (WIXM) and clearly linked with regional
developments on information exchange for other data domains
such as the Aeronautical Information Exchange Model (AIXM)
and the emerging Flight Information Exchange Model (FIXM).
Global efforts on enhancing provision
Recognising that there is a gap, the ICAO Aerodrome
Meteorological Observation and Forecast Study Group
(AMOFSG) has been tasked to examine the issue of what is
required for meteorology in support of ATM. An ad-hoc
‘working group’ has developed an outline for required
meteorological services, categorised by airspace capacity – enroute and terminal control area (TMA, including aerodromes)
for high and low density capacity in a common code form, as
well as identifying an initial set of performance metrics for
meteorological elements that are required for PBN.
An initial concept includes the possibility of using 4D weather
data, but in finer spatial, vertical and temporal resolutions,
which would enable it to be integrated into an ATM system.
Support to ATM and PBN capacity
At the eighth meeting of the ICAO AMOFSG, the WMO
presented a concept referred to as MSTA. WMO also recognised
that there was a gap in the meteorological services that could be
provided in the terminal area for both tactical and strategic ATM
in high-density terminal areas and aerodromes.
WMO also acknowledged that several national meteorological
services have been developing unique products and guidance
material to accommodate the growing needs of ATM in highdensity terminal areas as illustrated.
The current content and structure of ICAO Annex 3 does not
support the needed service changes to accommodate
meteorological support to ATM and PBN. An adjustment in the
balance of ICAO meteorological provisions is needed. This
adjustment will be reflected in the potential development of
procedures for meteorology, together with the inclusion of
relevant provisions into a ‘manual’ appropriately empowered by
the annex or procedures.❖
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External
influence
What happened when air navigation service
providers in Scandinavia started contracting
out their initial training?
Saul Wordsworth

Naviair is the air navigation service provider (ANSP) for
Danish airspace. Historically the company trained up
operative staff itself, ensuring that they came up to
speed and learned all that was required to become high-class air
traffic controllers.
“Until five years ago training was exclusively in-house,” says
Per Henriksen, manager of Operational Education at Naviair.
“However there was a feeling that greater economies of scale
could lead to higher success rates through the creation of a
larger, central academy that would cater for all ATC trainees
throughout Scandinavia.”
In 2006 Naviair joined forces with its ANSP compatriots LFV
of Sweden and Avinor of Norway to create Entry Point North
AB. Based out of a state-of-the-art facility at Malmö Airport in
southern Sweden, it is the world’s first transnational academy
specialising in air traffic management training. With decades of
training experience inherited from each of its owners the
company has created a unique environment that is flexible
enough to respond to the needs of three leading ANSPs while at
the same time providing EU-certified initial training or
development training programmes at some of the most modern
facilities in the world.
“We have been working with Entry Point North since day one
and it has been a success story from the start,” says Henriksen,
who also performs the role of Entry Point North focal point at
Naviair. “Our qualification rates have skyrocketed since our
involvement with them. It shows that not only is it safe to
transfer training to external partners, it is in fact preferable. Our
close work with them together with their educational expertise
has led to great results.”
Economies of scale
Naviair has approximately 360 controllers active in Denmark.
This relatively small number means that it would be a
questionable use of resources to create a training programme for
what may be a small annual influx of new students. Although
Sweden and Norway may have more candidates, one of the great
advantages of Entry Point North is its ability to assemble them
in one place.
“It is very difficult to run a training facility if the numbers are
not big,” says Henriksen. “By gathering up ATC students from
Sweden, Norway, Denmark and beyond, Entry Point North is
able to secure excellent numbers. More than 300 students and
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professionals are trained there annually. A larger body of
students I believe makes for a better environment in which to
learn. In addition costs are decreased through the economies of
scale of having centralised training material, instructors and
simulators.”
Simulators
Innovative training is provided by Entry Point North’s 150
simulators. These include Aerodrome and Radar machines plus
Area Radar and Approach Radar Control positions. The academy
also has several 3D simulators, two of which provide a 360°
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panoramic view and 11 a 180° panoramic view projected onto
large screens to give the impression of being in a control tower.
In each of these Aerodrome simulators there is room for two
Aerodrome Control trainees as well as an Approach Radar
position.
“It would be a waste for each ANSP to invest in so much
technology individually,” notes Henriksen.
The course
Each student sent over to Entry Point North by Naviair tends to
stay for a period of between eight and 14 months, during which

they undergo basic training. The focus during this time is
aviation law, navigation and aircraft systems, radio operation and
tower control. Theory occupies 60 percent of the time while
exercises on the simulators account for the remaining 40
percent. This way the trainers have a better idea of how the
students are getting on than if they were sat in a classroom.
One of the final key segments of the course is that of human
factors. “Not many of us really know what goes on in the event
of an accident,” says Henriksen. “Nor do we always understand
whose fault it was or whether anyone is individually responsible.
Today there is a greater understanding that ‘human error’ could

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012

49.

Management

be a symptom of deeper problems within an organisation. We
are now recognising that people work in systems with
constraints and trade-offs between safety and other pressures.
This new view is the foundation for Human Factors training at
Entry Point North.”
The Human Factors Department within Entry Point North
develops and offers intensive human factors and safety courses
for the entire range of ATM personnel. These courses develop
the individual’s non-technical skills such as decision-making and
interpersonal communication. As well as a thorough human
factors education, the lecturers have an operational background
or experience from other organisations where safety is critical.
Filtering
Towards the end of the course students take modules qualifying
them to start their training as aerodrome controllers, approach
controllers or area controllers. After this they are returned to
their respective ANSPs with a rating. Final training then begins,
which is localised to the country and takes around one year.
“The trained people we receive back from Entry Point North
are a highly successful collective but much of the hard work
took place during the selection process at the start,” says
Henriksen. “Special care is taken to increase the likelihood of
success for the candidates. Entry Point North’s well-proven
selection tools help to identify the candidates who are best
suited for the demanding jobs within air traffic control. They
strive to refine the recruitment process in order to continuously
improve the success rate of the students. Once the student
begins training, the academy takes personal responsibility for
each individual and follows their progress closely. In this way
they find out a student’s strengths and weaknesses at an early
stage and can take immediate action. This careful weeding
process makes the course highly cost-effective.”
Success rate
Prior to 2006 Naviair was responsible for the training of all of its
employees and had an approximate success rate of 50 percent.
Today that figure is closer to 90 percent, and climbing.
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“It is a big investment to train an air traffic controller,” says
Henriksen. “That’s why Entry Point North has created the best
conditions for students to succeed. That 90 percent of enrolled
students meet the rigorous requirements during their initial
training and graduate with an ATC Student Licence is testament
to the work the academy does. Not only do economies of scale
benefit the students, there is a very different kind of teaching
methodology in place at Entry Point North.”
The staff of 65 employees includes 30 training specialists.
When Naviair carried out all its training in-house it would use
ATCs who would descend from the observation room and address
the students. “These people were undoubtedly experts in their
field but they were not properly trained to teach and were perhaps
more interested in how to run traffic. The trainers at Entry Point
North are exemplary at taking the view of the trainee. For me the
key to all this has been the quality of the training.”
Open skies
One of the key objectives of Entry Point North has been to
harmonise training with a focus on the goals of the Single
European Sky. All training is carried out in accordance with Best
Practice and all international rules and standards including
ICAO and Eurocontrol – ESARR 5.
“Entry Point North is well-positioned to offer training on the
free European market,” says Henriksen. “This was one of its
early objectives and it has paid off. The academy is certified by
the Swedish Civil Aviation Authority and is accepted by all EU
member countries.”
Final words
“The development has been incredible, especially after the first
two years,” says Henriksen. “After five years we really know
what we’re getting over there. Entry Point North has customised
the programme so that it fits us perfectly. We also know
specifically what is left for us to teach students when they return
to us, which is mostly local knowledge. By the time the students
are returned to Naviair, all that is left for us to do is mostly just
fine tuning.” v
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LFV is a public enterprise with 1,400 employees that
operates air navigation services for civil and military customers at 35 locations in Sweden. LFV is one of Europe’s
leading actors in air navigation services. Our solutions for
even safer and more cost-effective air navigation are being
noticed, and in the area of environment we are at the forefront to minimize environmental impact.

Together with airlines and airports, LFV will continue to
ensure that aviation plays an important role in society, for
industry’s need for rapid transport and people’s desire for
new experiences. LFV is a climate-neutral public enterprise
and an exciting place to work.
Read more www.lfv.se
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Greener
flights
By developing new techniques and
procedures for inbound and outbound
flights from airports as well as en route
traffic, Swedish air navigation service
provider LFV is continually taking steps
towards a more sustainable aviation
industry
Per Fröberg, LFV
VINGA (Validation and Improvement of Next
Generation Airspace) is an 18-month long project that
aims to investigate how the collective impact of aviation
can be reduced through the cooperation of numerous aviation
actors developing common solutions. This development is
happening in close collaboration between LFV, the airport owner
Swedavia, the airline Novair, SESAR, and the aircraft
manufacturer Airbus and its subsidiary Quovadis.
“This project uses and evaluates numerous take-off, landing
and inter-airport flying methods with as little environmental
impact as possible,” explains Niclas Wiklander, project leader for
VINGA. “Thus far VINGA has met our expectations. We have
already demonstrated that with the technology and insight we
have today regarding more environmentally conscious ATC – for
example, using the technology in the aircraft more effectively in
combination with an improved use of airspace – we can greatly
reduce pollution and approaches over residential areas.”
Preliminary calculations show that it is possible to reduce fuel
consumption by up to 300kg per flight when the flight operator
and ATC optimise all areas of the flight, including shorter
approaches and fuel-consumption optimised flight procedures
to and from an airport such as Landvetter Airport in
Gothenburg. This is equivalent to a reduction of emissions by
one tonne.
Environmental charge
“LFV is at the leading-edge in terms of environmentally adapted
aviation technology and we are pleased to be able to offer
airlines this possibility. LFV makes green flights possible,” says
LFV’s director general Thomas Allard.
Niclas Gustavsson is director for business development at LFV.
He carefully follows the technical and operative advances made
in environmental matters. He reasons that the time has come to
apply a more forward-looking business model to LFV’s
environmental work.
“The larger environmental projects are financed by SESAR but
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The guided VINGA flight with airline Novair flying an Airbus A321
(Photo: Sören Andersson, www.2see.se)
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LFV En Route operates air traffic in the upper
airspace from two control centres at Malmö
Airport (shown) and Stockholm Arlanda
Airport. En Route also operates the Flight
Planning Centre at Stockholm Arlanda

only to a certain extent; LFV also contributes with large sums of
money. Both airports and airlines benefit from the extensive
knowledge-base we have within airspace construction, despite
LFV not making a financial return on this competence. I believe
it is timely for LFV to introduce an environmental charge, in
order that airlines and airports can support the development we
are spear-heading within environmental development.”
Wide dissemination of knowledge
A breakthrough for VINGA was celebrated on 7 April when
Novair landed with the assistance of two separate navigation
systems. The aircraft approached Landvetter Airport with high
navigation accuracy using an entirely new satellite-based
navigation route, and was subsequently guided for landing using
the ground-based ILS.
“Technically we have demonstrated that it is possible to
combine these systems. Due to our participation in SESAR we
can spread the knowledge we acquire on a large scale,”
concludes Niclas Gustavsson.
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On 24 May the media, politicians and European stakeholders
were invited to a demonstration flight. Afterwards Henrik Ripa,
Swedish Member of Parliament, commented on his blog:
“Yesterday I had the pleasure of attending a presentation of the
globally unique project VINGA at Landvetter Airport,
Gothenburg…. As a Lerum resident and former Chair of the
Municipal Board of Lerum, it made me happy to know that not
only environmental rewards such as reduced emissions and
noise pollution were on the agenda but also a decrease in
approaches over residential areas…. Now we want to see this
become a reality for all flights.”
Within the VINGA project over 100 flights have been carried
out to date.
Curved approaches in Stockholm
The VINGA project is run at one airport. With the SESAR
project Green Connection, LFV is taking further steps in the
long-term work with environmental improvement measures.
Green Connection starts in October and aims to optimise all the
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Above: The lighthouse VINGA in the archipelago west of Gothenburg is the symbol for
the project
Below: The red line shows the approach to the airport

environmental aspects during flight between Gothenburg
Landvetter and Stockholm Arlanda.
Starting from Landvetter, the time from gate to runway is
made as short as possible, and after take-off the aircraft climbs to
cruising altitude as quickly as possible in order to save fuel and
limit emissions. Once it reaches cruising altitude the aircraft
then takes the shortest route to Arlanda where a curved
approach begins, shortening the flight path towards runway 26
(which is Arlanda Airport’s most heavily trafficked runway) by
about 10Nm. On the shortened stretch alone it is estimated that
in the region of 100 kilos of fuel are saved, with over 300kg less
carbon dioxide emissions compared with a standard green
approach.
“What sets our project apart from green approaches is that
here we can only use types of aircraft that are RNP certified,
which means they handle making a curved approach. This kind
of approach, based on GPS navigation, places greater demands
both on the plane and on the pilot,” says Gunnar Olsson, project
leader for Green Connection.

Shortest routes
Another example of LFV’s environmental work consists of direct
flight routes, namely Free Route Airspace Sweden (FRAS). For
the past 18 months airlines have been able to select the shortest
possible route between two airports through Swedish airspace
when arriving at a cruising altitude of over 9,000m. The shorter
flight routes are made possible by modern ATC systems at LFV
combined with the airline’s use of advanced route planning tools.
Any effort made to reduce the aviation industry’s impact on
the environment cannot be made by a sole actor independently.
Close cooperation between air navigation services, airports,
airlines and aircraft manufacturers is a deciding factor. In
Sweden the airports are granted environmental permits to run
aviation traffic.
Thomas Allard concludes: “Thus close collaboration with the
airports is an absolute prerequisite. The airports, with their
direct link to environmental legislation, provide the only
possible opportunity for change in how we manage aviation
traffic in the proximity of airports.” v
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Back to school
International air traffic control training has taken off and is turning on course
Gary Klingler, CSC Transportation Solutions

Middle Tennessee State University students at radar simulators

International ATC training has emerged from the
shadows of traditional on-the-job training for controllers
and technicians. Historically training was conducted by
classroom lecture followed by on the job training. In some
countries simulation was interspersed with on the job training to
give specific experience to the person being trained.
These simulation systems tended to be proprietary in nature.
They looked almost exactly like the platform the trainee would
eventually be required to qualify on. They were very expensive
to purchase, maintain and operate. They required heavy labour
support by personnel who would design the training, create
simulation scenarios, conduct the instruction and act as pseudo
pilots. They did not integrate with any other training systems.
That is, tower simulators were designed to train students in the
tower only.
There were various TRACON training platforms that were
designed to train for ARTS, STARS, Micro-EARTS and more. En
route systems were designed to train mostly DSR or ERAM. They
never integrated systems, so if you worked in a tower that’s all
you were exposed to and tower simulation systems were rare.
Terminal TRACON systems did not talk to en route or the tower.
Simulation for technicians was very rare. Training was
documented on paper and generally consisted simply of the
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instructor’s opinion of the effectiveness of the student. Scenarios
were laborious to design and the students tended to ‘teach the
test’ to other students. The surprise emergency aircraft 15
minutes into the scenario was hardly a surprise by the second or
third student.
Over the past several years all this has changed. Training
systems have evolved with the economy and demand of the times.
We now pay as much attention to how we train as to what we
teach during training. Let’s take a look at some of these changes.
Today simulation systems come with artificial intelligence.
Modern platforms contain the rules, regulations, procedures and
expectations of the student. The system can actually evaluate the
performance of the student and print out a training report. This
is not intended to remove the instructor from the process in an
instructor led scenario. Quite the contrary, it is intended to help
the instructor document the performance of the student in an
objective measure in relation to written requirements. Students
may practice on these platforms, taking advantage of random
scenarios automatically generated by the intelligent platform.
This is proving to be a tremendous advantage in training
because the students can have the system measure their
performance, give them a report, and then generate the next
scenario for them to work on improving their weakest areas.

Management

360° tower simulator at MTSU

No longer does a student have to wait for a vacancy in a
scheduled training class to receive meaningful training. No
longer is it necessary to pull in an instructor, pseudo pilot and
lab administrator to enable a student to practice. Indications are
that the old adage, practice makes perfect, is closer to reality
than ever. Because the students can focus on practicing the right
things, they can continue to improve their performance – even
without the benefit of three other employees needed to support
them. The result is they learn faster and the cost of their
improvement is much lower.
Technicians can now train and practice with wireless webbased instruction. They can even do it through Bluetooth
technology, enabling them to listen to the instruction and follow
the lesson while working with hands and eyes free to watch
what they are doing. Can you imagine what it must have been
like to learn how to assess the health of an ASR-8 antenna, for
example, while standing on a platform in Northern Michigan,
hanging onto a laptop and textbook?
Many simulation manufacturers, with the strong support of
their clients, are getting away from trying to produce a training
platform that is an exact replica of the system they are going to
be working on. This is a good move for many reasons. First of
all, we have realised that what you really want the students to

focus on in their developing phases of training is the basics of
solid ATC. They need to focus on their control instructions,
vectoring, timeliness of actions, ability to scan the scope and
recognise when action must be taken, phraseology, and learning
designations of airspace, responsibility and frequencies.
None of these emerging competencies require knobs and
fancy lights on the perimeter of the console. Students should be
focused on the right things at the right time. Once they have
developed solid habits for basic ATC at the level required at the
facility assigned, they can begin moving to the ETG, DYSIM and
other labs, or on the job training, for putting it all together. But
the basics should be in place when they get there. They should
know how to separate aircraft, provide quality services, keep
them in their own airspace and be able to hand off to another
controller properly before they get to the control room floor.
These results decrease overall training time and greatly increase
safety. And systems that can be developed without all the bells
and whistles are cheaper to buy and maintain. It’s not a bad
business case in today’s economy.
Our modern systems are now fully integrated as well. It is
possible for students to see an aircraft taxi out and takeoff of the
tower simulator, appear on the departure radar position and
then be vectored on course and handed off to the en route
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MTSU students working as pseudo pilots

controller. CSC now has NexSim systems in 15 FAA CTI
schools. Some of these schools have chosen to train tower,
TRACON and en route options of ATC. These systems are now
fully integrated to enable the student to fully understand the
interactions of controllers and traffic flow personnel to make the
system work.
The student is no longer trained as a single entity trying to
learn how to operate each control position independently. They
now can train like they will eventually work – as a member of a
team. If schools so choose, they can even rely on the internal
measures of the system to calculate whether students’ natural
skills are more aligned to a specific option than another. Can
you imagine, actually being able to assign a potential employee
to where they can best perform? Even better yet, systems are
flexible enough now to run in numerous modes.
Students can self-practice with artificial voice technology or
pseudo pilots and can even change the type of presentation on
the scope. For example a student who has been working at an
ARTS radar facility who is transferring to a STARS facility can
simply bring up the scope in the STARS mode and practice.
Systems evolution has gone even further. We recently installed
a large 360° tower and radar lab at Middle Tennessee State
University in Murfreesboro, Tennessee. The tower simulator has
seven fully integrated positions; two local controllers, two
ground controllers, clearance delivery, flight data and a
supervisor/CIC. Inside the tower you can use fully operational
binoculars, a red crash phone and light guns. The tower is fully
integrated with the radar. Upstairs on the second floor we have
installed a high-resolution ramp tower trainer as well as an
airline operations training centre.
Students in this programme can have a thorough
understanding of every phase of a flight, both in and out of the
cockpit. Really understand, since the new ERJ135 flight
simulator at MTSU is also integrated with NexSim. So the
students on the ground are talking to the students in the air – so
to speak- through simulation interface.
Our experiments with integration have been fun. We are
discovering multiple ways to take advantage of emerging web
technologies. We recently did a demonstration for the FAA that
had the NexSim engine running in Washington DC where
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controllers were working aircraft
being piloted in Rockville,
Maryland and Murfreesboro,
Tennessee. This remote pseudo
pilot capability also gave us the
ability for remote performance
evaluation and remote instruction,
therefore eliminating travel costs
while increasing capabilities.
The radar scopes we used in the
Washington demonstration were
our mobile units. These units can
be boxed up in minutes and
shipped. Colleges can use them to
transport radar simulation from
campus to campus. The military
can take them anywhere and all
they need to do to create a fully
functional lab is to fire up an
engine generator, plug in the
system and start working. Air traffic
service providers can take them to remote sites where training is
only required periodically for refresher training and move them
again as needed.
This technology has enables us to increase the flexibility of the
platform in order to use it as an R&D tool. We have integrated
with a variety of other tools for the purposes of traffic flow
management, concept engineering, human in the loop studies,
proof of concept analysis and more. There are many more
features on the way, not just for qualification training, but for
supplemental training, airspace design, airport design and
dealing with adverse weather. Platforms will integrate with
learning content management systems, which will integrate with
data repositories and job task analysis in closed loop systems
where all employees may receive just the right training and the
right time.
As regulations change, curriculums will change accordingly, as
will the scenarios. Instructors and administrators will be notified
automatically when changes are made. But they will only notify
if the change is pertinent to them. Training systems will be
moved to a cloud environment, which will offer reduced overall
cost while offering greatly increased speed, power and flexibility.
Technology will also enable improvements in voice technology,
which will increase the ability of even further improved self
training experience, resulting in reduced training certification
time and lower costs. When pseudo pilots are used they will be
part of a remote pseudo pilot staff of very effective experts.
Relying on them in lieu of pulling journeyman controllers off
positions will again increase efficiency and reduce costs as well.
These adaptable platforms will enable effective training as we
implement NextGen changes. The ability to program changes to
airspace and scenarios will enable all controllers to see the
NextGen changes well before they are operationally implemented.
Controllers will be able to adapt to changing requirements
before they are actually implemented, increasing efficiency and
safety. New flight procedures such as RNP approaches may be
trained in airline flight simulation simultaneously with controller
simulation. I look forward to the advances we face over the next
few years. As we find new and innovative ways to improve
training we will enjoy the knowledge that we are also increasing
safety while saving costs. v

When it comes to innovating NextGen solutions into
real systems that meet NowGen and future demands,
the FAA trusts its partner of 39 years — CSC.
With a constant focus on improving Air Trafﬁc
Management mission execution, we weave the
latest proven technologies from the rapidly evolving
commercial world into our high-reliability system design
approaches. Coupled with our in-depth knowledge
in ATM, CSC delivers improved air trafﬁc efﬁciency,
environmental friendliness and cost effectiveness.
CSC — we’re building the ATM future.
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Modernising ATC is
modernising weather
The FAA’s NextGen and Europe’s SESAR efforts are driving major changes in the way air
traffic is safely and efficiently managed around the globe. These changes will be most
profound in the weather information that is used to keep flying safe and efficient
M. Patrick Murphy, US National Oceanic and Atmospheric Administration (NOAA)
Aviation weather, which is the weather information
provided to dispatchers, pilots and air traffic managers,
is much more standardised and regulated than the
weather you see in newspapers and on television. ICAO sets
standards in the format, style and content that weather
observations, advisories and warnings presented to pilots,
weather briefers and air traffic controllers must follow. Many
international standards for aviation weather are outdated. Some
are based on obsolete communications systems or do not reflect
recent advances in science or technology. For example much of
the hazardous weather information provided to pilots is textbased using all capital letters and contractions, because that is
how the teletype machines of the 1940s and 1950s handled
such transmissions.
In addition to advances in communications, the quality of the
science has improved dramatically over the past decades, but
informational requirements and resolution have not kept pace.
NextGen and SESAR will need to be fed by more advanced and
higher resolution weather data available 24 hours a day, seven
days a week, and for the entire globe from the surface of the
earth to the edge of space. This will also dramatically affect the
human role in forecast production. How and what types of data
are transacted, what formats, displays, resolution, refresh rate
and so on will be needed, and how can we integrate computers,
meteorologists and air traffic?

While area forecasts are typed and transmitted on computers today, their content and
detail of information has not changed much from this early aviation forecast
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Modernising aviation weather information
The first aviation weather forecast predates heavier than air
manned flight. A few years before their historic flight, the Wright
brothers wrote to the head of the US Weather Bureau seeking
wind information suitable to their needs in glider, and then
motorised flight development. The response, based coincidently
on the rich and extensive climate information from the colony,
then state, of North Carolina, was in essence the first aviation
forecast. The aviation industry grew rapidly through the 1920s
and 1930s. This growth forced considerable advances in the
science of meteorology, as well as profound changes in the US
Weather Bureau. Observation sites moved from downtown
rooftops to new air fields on the edge of town. Aviation’s
vulnerability to the weather drove research, forecasts and
services from the weather industry. These in turn drove advances
in communications, navigation and safety. We are now on the
cusp of new and major changes in aviation, and weather once
again is along for the ride.
Many of the current standards for aviation weather became
established by the 1950s. Computers and satellites have
contributed to the speed and volume of the information
provided to traffic management and pilots, but the data types,
formats and content has changed little over the past 50 years.
The science has advanced dramatically both in our ability to
observe and measure the atmosphere, as well as to predict the
future state, and then to share that knowledge.
Meteorological Watch Offices around the world still produce
Significant Meteorological Information statements or ‘SIGMETs’
for various hazards such as convection. The standardised ICAO
format contains special ‘headers’ and codes and is typed in all
capital lettering. The standard for SIGMET for Convection was
established when radar images were not digital and could not be
transmitted. In fact until the 1990s the US National Weather
Service radars used 35mm cameras to archive radar information.
Now Doppler radars produce digital radar images every five
minutes and can transmit them to millions of users in seconds
using satellite and internet technology. Yet everywhere around
the world, the SIGMET bulletins are still typed in all capitals and
transmitted to air traffic managers and pilots. This will not fit in
the NextGen world.
New weather needs
Air traffic continues to expand the boundaries of safe and
efficient flight. The aviation industry feeds the world’s needs for
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Weather hazards change intensity over time and space, and vary throughout the atmosphere. In the future meteorologists will use editing tools like this to view and manipulate the forecast database

information, business, growth and so on. There are very few
spots on the earth not reachable by air. All this has opened new
hazards to aviation that either did not exist several decades ago
or that we did not fly into.
Volcanic ash can destroy a jet engine in a matter of seconds. It
was not really a concern until the 1990s after a series of nearly
catastrophic encounters alerted the world to this hazard. Twenty
years later, only modest progress has been made. Satellite and
ground sensors can now detect volcanic eruptions. Advanced
weather models are better at forecasting the winds that will
transport and diffuse the ash, but we have little ability to
actually detect and measure the amount of ash in the
atmosphere. As we learned over Europe in the spring of 2010,
this can shut down air transport and cripple economies.
Polar routes are being flown more frequently, and although
they can shorten global flights, they also introduce new hazards.
Standard radio communication equipment does not work over
the poles and is susceptible to geomagnetic storms. These
storms, referred to as space weather, can affect more than the
communications and navigation equipment. A large solar flare
can contain enough radiation to pose a health risk to crew and
passengers over the poles, where the earth’s magnetic field does
not provide much protection.
Another new hazard, which had until recently only been
considered a very remote possibility, has just become a reality.

Radiological releases in the atmosphere do not occur often, but
can be very dangerous. The 1986 Chernobyl nuclear accident
released radiation into the atmosphere, luckily in an area of low
air traffic volume. The Japanese tsunami of 2011 caused damage
to the Fukushima nuclear plant and prompted the world’s first
Radiological SIGMET. While provisions were made for such a
SIGMET after Chernobyl, many issues remain unresolved by the
international community. What are the thresholds of exposure?
How long can an aircraft be exposed to certain levels of
radiation? Like volcanic ash, the ability to monitor and measure
the amount of hazardous material in the atmosphere is very
limited.
Airlines are becoming much more concerned about fuel
efficiency. Decisions from short-haul planning to long oceanic
routes are increasingly balancing the cost of carrying extra fuel
against having to take unplanned diversions or delays. Carrying
a lighter fuel load can amplify the effects of weather. A small
headwind on a 15 hour flight becomes much more significant
when there is not as much ‘extra’ fuel available. Airlines are reexamining their business models as they choose between a
potentially lengthy route around weather, or taking a delay on
the ground to wait out the weather.
Redefining the meteorologist’s role
The science of meteorology has improved greatly over the past
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20 years. Our ability to observe, measure, understand and
predict changes in the atmosphere is much greater now than it
was in the 1980s. Numeric Weather Models use physical
equations of fluid and thermo-dynamics to predict the future
state of the weather based on current conditions, but though
these equations are very accurate, the ability to measure the
atmosphere in detail limits their usefulness. If we could measure
and track every molecule in the air and all the energy the earth
receives and emits, these equations would predict the future
without error. Of course we cannot do this, and meteorologists
must still apply a little ‘art’ to the science by employing past
experience and a little instinct.
However these numerical models have improved considerably
since the standards were set for most aviation weather products.
Temperature forecasts from numerical model predictions are
now within the observing sensor’s range of error. In other words
weather models are forecasting nearly as accurately as our ability
to observe the weather. It is now appropriate to begin looking at
the current needs of air traffic, what the legacy standards are, the
state of the science of meteorology, and how we can better
package and communicate relevant weather information in this
modern age.
In the past it was quite easy to measure the added benefit of
weather forecasts produced by forecasters. The forecasters were
in tune with the model’s biases and could use tools such as
satellite and radar in real time when the models could not. The
models would only run a few times a day, with limited observed
data inputs. With this added information and some experience,
forecasters could beat the model’s crude calculations. Today
some numerical models run every five minutes. They ingest
continuous streams of weather data from aircraft, satellite and
radar, and can use minute-by-minute surface observations. The
spatial resolution of models can discern very small features in
the atmosphere. The sheer number of models and model data
available to forecasters is more than they can look at and still
make a forecast. The models have become better and faster, and
eroded the advantage of the human forecaster. This is not to say
that the human’s role in the forecast process is any less important.
The human’s role must evolve from that of a ‘forecaster’, who
makes a forecast, to a ‘meteorologist’ who interprets and
translates the current and anticipated state of the atmosphere
into impacts that users can plan and respond to. The
meteorologist will not so much be making forecasts or simply
improving the model’s output, but rather identifying when and
where the model forecast is good and where it is not. The
meteorologist will understand how that weather will affect
decision making, and provide scientific expertise to users. This
new meteorological role will aid in transitioning from multiple
model solutions and plausible outcomes to a single likely impact
that can be managed and mitigated.
The current system of aviation weather information is based
on a concept of ‘products’ that are pushed out externally from
the meteorological watch offices in each country on strict
schedules and formats. The future system demands databases of
information that are gridded to a common reference system and
contain weather information vertically, horizontally and globally.
This data will be available constantly and updated as frequently
as new or better information is available. The information will
by accessed by users and integrated using their systems. Custom
products (maps, text, graphics, decision aids, etc) can be created
from this digital data by individual users or international
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Gridded forecast databases will provide detailed forecast information in four dimensions
– altitude, latitude, longitude and forward in time. This data will be ‘network-enabled’
and will integrate with aircraft position and movement networks

regulatory agencies based on specific applications and needs.
Individually created products can be generated independently
since they will all use the same underlying weather data. They
will be perfectly consistent whether you are looking at a
Terminal Aerodrome Forecast (TAF) produced by the National
Weather Service, or a pilot briefing package produced by an
airline.
Looking to the future
NextGen’s weather requirements exceed what even a team of
forecasters could produce. The network enabled world of
NextGen will feed on digital weather information every minute,
at every kilometre, and every 100 feet vertically up to 60,000ft
over the entire continental USA. This requirement is relaxed a
little for global weather data, but not by much. The aviation
meteorologist of the future will need to understand how that
detailed weather is going to affect safe and efficient air traffic,
and to translate that weather hazard into an effect that air traffic
management can understand and strategically plan for.
The meteorologist will provide decision-support services to air
traffic managers as they plan for and respond to the weather
challenges of the day. They will collaborate with other
meteorologists around the world, finding consensus among the
various forecasts and communicating a consistent weather
hazard impact to air traffic. Planning and managing weather
impacts will begin before an aircraft is ever boarded and will
never end through the life of that aircraft. A continual cycle of
long-range strategic planning; transitioning to near-term tactical
planning, and ultimately operational manipulations of individual
aircraft and airspace systems will occur.
Evolving this role of the ‘human in the loop’ will not be easy.
As scientists evolve from forecasting to providing decision
support as meteorological experts and partners, we will need to
examine how best to communicate between the meteorological
community and the air traffic community.
In the USA, the National Weather Service and the FAA are
already taking on this challenge. Through the multi-agency Joint
Development Program Office, the functional requirements for
weather information in the NextGen era have been defined. The
FAA and NWS have formed a working group of experts to
examine and map out how to transition from the way in which
business is done today, to how it will evolve to fulfil the
demands of the future. v
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Generation trap
ANSPs around the world face an investment dilemma with regard to next-generation
surveillance infrastructure
Antonio LoBrutto and Andy Taylor, Telephonics
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The next generation of ATM systems, such as the USA’s
NextGen and the European SESAR programmes, will
enable air navigation service providers to increase
operations and overall safety while reducing delays and
emissions. This transformation requires that communication,
navigation, surveillance and automation – all the main
components of the ATM system – be upgraded or replaced. The
cornerstone of this transformation is the surveillance
component, which is migrating from traditional ground-based
radar determined positions to GPS-based determined and
reported positions.
Today most of ATC surveillance is accomplished via a
ground-based radar system. Radars send signals into the air,
where aircraft equipped with proper transponders detect them
and provide a response that includes identification. The ground
radars determine location from the response and couple this
with the identity of the aircraft that is embedded in the
message, providing controllers with the situational awareness to
safely control aircraft in flight. The position and identity
information is updated every 4.8, 6 or 12 seconds depending
on the scan rate of the radar.
Future surveillance requires that avionics on board an aircraft
determine the exact location, typically using GPS satellites,
which provides a better than 3m positional accuracy. This
accurate position report is embedded in a message along with
the unique aircraft ID and this information is broadcast to the
outside world – a system known as Automatic Dependent
Surveillance – Broadcast (ADS-B). In order for users such as
ANSPs to receive this information they require ground stations
that can detect these signals and decode the information. The

advantages of ADS-B over radar are a more accurate position
report – metres rather than tens of metres – and a once-asecond update rate. Faster updates and more accurate position
reports form the cornerstone for the advanced applications
such as 4D trajectory, parallel runway monitoring, arrival and
departure manager and other applications that will enable
greater capacity while reducing delays. Unfortunately the
surveillance transformation requires that both airborne vehicles
and ground infrastructure be upgraded or replaced.
As with any major technology upgrade in the Air
Transportation arena, the change from an existing technology to
a new foundational methodology cannot and will not happen
overnight. The transition for a lot of air carriers will be based on
strict cost benefit analysis of the proposed technology solution,
combined with timing the necessary upgrades with fleet renewal
or maintenance timescales. The increasingly cost conscious
environment in which the air carriers operate mean that unless
they can see fiscal and operational benefits in the short term,
they are unlikely to update current air frames unless mandated.
ADS-B alone is suffering initial roll-out problems such as:
• Figure of Merit (FOM) is the reported accuracy of the
reported positional information derived from satellite position
that is transmitted as part of the ADS-B message. In some
reported instances, the FOM has been reporting zero – meaning
no confidence in position report. This anomaly has been hard
to recreate, but it has been seen to vary by aircraft type,
transponder type and firmware version on the transponders.
• Large variations in reported FOM values are reported by
certain aircraft during flights. This anomaly is thought to be
airframe specific and not based on the constellation of satellites
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used or the geographical region of the flight.
• Backwards jumps in position reports have been seen by
reviewing the ground received ADS-B message reports. The
position error is very transitory (a single position report) and is
slightly incorrect (around 20-40 nautical miles), but the slight
backward jumps can cause issues in extrapolation of the aircraft
position by some surveillance trackers.
• Some early pre-DO260 transponders are reporting their
position with high FOM values, but the positional accuracy has
been in excess of 500 nautical miles.
• The reported aircraft identification as part of the ADS-B
message is sometimes corrupted for various reasons. It has been
seen to be related to incorrect entry of the aircraft identification
into the flight management systems prior to departure, creating
iterations where zeroes are added automatically in the middle of
the aircraft identification. Some transponders will randomly
switch characters in the ADS-B messages, Certain flight
management computers will add a trailing letter to aircraft
identifications, normally the letter ‘U’. Finally, if the call sign of
the aircraft is shorter than the aircraft identification field length,
some flight management computers have centred the aircraft
identification, leading to spaces being inserted before the
identification.
In some trials in Europe it was observed that in some
occasional instances that there was intermittent nontransmission of ADS-B data. This specific issue was found to be
airframe specific and based upon the configuration and
installation of the flight management computers and
transponders, but it led to aircraft not being detected by the
ADS-B monitoring stations, although they were detected by the
Mode S radar
Although these problems with ADS-B transmission are
thankfully small in number in comparison with the number of
equipped aircraft, there are details that are still being resolved
through updates to transponders, installation guidelines, usage
procedures and software updates. Problems with reported
positional accuracy can call into question the validity of the
surveillance data from the aircraft, so ATM systems using this
data will have to re-examine the accuracy in their systems,
which could impinge on the benefits provided to the users. Any
misreporting of reporting inaccurate aircraft identification,
although few in number, can lead to incorrect correlation of
flight data with ground automation systems, which could have
serious safety implications.
These problems with ADS-B will become fewer as
manufactures of airborne avionics strive to improve their
products and minor concerns are identified and resolved
through global cooperation of airspace users and ANSPs.
However the reliance on ADS-B alone during the transition

roadmap to full ADS-B equipage and use could have
implications in the provision of enhanced services to airspace
users based on the integrity of the provided data.
An ideal solution to this would be to use a phased approach
to the surveillance data provision during the transition from a
wholly ground-based approach to airborne data provision via
ADS-B. Given that many of the new features and benefits require
that all aircraft be equipped with GPS and upgraded
transponders, many ANSPs face a dilemma of when to switch
their ground surveillance infrastructure to ADS-B. This is
especially critical for those ANSPs that have older ground-based
radar infrastructure and need immediate replacement. Some
have opted for wide area multilateration (WAM), which not only
provides surveillance for aircraft equipped with current vintage
transponders, but also detects and decodes ADS-B messages.
However WAM requires multiple sites spread out across the
desired coverage area and may not be the solution for all
locations and providers. An optimum solution would be the
ability to maintain the current radar surveillance option, while
being able to detect and report the ADS-B messages of aircraft as
they upgrade to the new surveillance technology.
It is with this in mind that Telephonics has developed the next
generation of the Telephonics SkySearch 2000M monopulse
secondary surveillance radar (MSSR). It is designed with an
independent ADS-B channel integrated with a highly accurate
and reliable MSSR to provide surveillance coverage for all
transponder equipped aircraft, whether they be the civilian
configuration with Mode 3/A, Mode C and Mode S or military
configuration with Mode 1, 2, 4 and 5.
The independent ADS-B channel decodes Mode S ADS-B Data
Format (DF) 17 and DF 18 replies received from either the
MSSR rotating antenna or a dedicated high gain Omni antenna.
An ASTERIX message is output to external automation systems
and other users.
The core design philosophy of the system enables a seamless
transition from standard wholly radar-based surveillance to an
operating paradigm where surveillance information is derived
from airborne platforms. But the Telephonics solution offers the
benefits of being able to provide a solution that can readily be
swapped with the existing radar solution to provide a
surveillance picture for all airspace users (civil and military), as
well as providing validation of ADS-B reported positions
through the use of our MSSR technology. This combined
approach to embracing the new surveillance technology while
using the existing technology in tandem, permits a seamless –
but more importantly safe – transition to the future surveillance
operating paradigm. It also provides providing accurate
surveillance data to drive the automation systems that form the
core of the ATM systems of tomorrow. v

An ideal solution to this would be to use
a phased approach to the surveillance
data provision
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Lisbon
Pre-OJT
A full virtualised simulation and ATM system
Tolentino Martins, NAV Portugal
The main purpose of Lisbon Pre-OJT is to support onthe-job (OJT) training of ATC staff – either new
controllers or those transferred from other units to
Lisbon ACC. Later it will also be used for training in anomalous
situations and emergency procedures, and also on new
functionalities in the pre-implementation phase of the Lisbon
Air Traffic Management (LISATM) system.
Additional challenges, such as the similarity with operational
system, investment cost and maintainability, scalability, operational
costs (energy efficiency and space) were also taken into account.
System components
SIMATM – ATM simulator system
Three Pilot positions (enabling track piloting), Game Supervisor
(scenario loading and exercise management), Scenario Editor
(scenario creation and game action editor) and Track Generator
are the main components of this subsystem.
LISATM – Lisbon ATM System
LISATM system has all its central components running, loaded
with software versions currently in operation. For validation and
controller training purposes it is also possible to load the system
with new pre-operational versions of LISATM applications.
NAVoIP – NAV VoIP VCS System
Management position: A complete VoIP VCS system
management position able to fully configure each position VCS
panel, air-ground frequencies and ground-ground voice
channels, and also the look and feel of the VCS panel, including
chime tone and colour, number of buttons available, escape
sequences, emulation of adjacent centres and correspondents. It
supports the whole of the Pre-OJT system.
NAVoIP positions: Nine VCS positions with full functionality
are available on the controller working positions (CWP), Pilot
and Simulator positions and also to each of the Instructors and
Exercise Manager.
Controller working positions
Four full operational CWP are available with the OPS room
layout and functionalities. Each one is composed of a main
display system (2K x 2K) running ODS (Operational Display
System application), two CADS (Controller Auxiliary Display
Systems – left and right), a EID (Electronic Information
Distribution) system – top and a VCS System (NAVoIP).
System architecture
Each physical platform is loaded with the hypervisor solution,
enabling virtualisation of its hardware resources. On top of that,
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Conceptual view

virtual machines are created and operating systems installed. In
each virtual machine a specific NAV Portugal application is then
installed and run. The network abstraction layer allows the
application presentation layer to be launched on any network
node that directly feeds the displays, without any modification
on the application side or to components.
Initial benchmarking has been performed with the ‘one-toone’ premise, meaning that an operational physical node was
benchmarked against a virtual node.
New features and optimisations were later implemented. The
introduction of features provided by the virtualisation layer
(such as node ‘thin provisioning’, fault tolerance functionality,
high availability, etc), and network optimisation (such as data
flow segmentation, virtual switching implementation, etc) enable
node escalation, making it possible to achieve a one (physical) to
five (virtualised) node concentration at CWP positions without
any performance degradation.
System operations lifecycle
Scenario editor is the tool where exercises are built by controller
instructors with the purpose of training controllers for
anomalous situation training and awareness, but real flight and
surveillance data can also be imported to create real traffic
situation scenarios. Most of the exercise construction is built
based on menu choices or drag-and-drop functionalities.
NAVoIP VCS configuration is also conducted via a graphical
user interface, enabling the creation of new ‘missions’ and the
replication of any new operational VCS change or loading of
previously configured missions. The Game Supervisor position
enables instructors to load, run, pause and stop exercises.
Aircraft manoeuvring is performed at Pseudo Pilot positions,
using a mouse and graphical tools and menus.
Aircraft are assigned and controlled in operational sectors that
are configured like the real ones via the ‘frequencies’ allocated to
those sectors at VCS positions via NAVoIP, which enables
simulation of all the air-ground communications. Each CWP

Management

also has ground-ground facilities like a real VCS, with most
external correspondents ending at the Instructors’ positions,
with the information of the role she/he is supposed to perform
on each call.
Achievements
The Lisbon Pre-OJT system has been in use since January 2010
and has enabled NAV Portugal to achieve the following goals:
• Flexibility. On-demand platform availability and advanced
energy management allowing automatic and scheduled disposal
of platforms, and enabling system to go into ‘standby mode’
when not used (at night for instance).
• Scalability. Ability to add more CWP positions almost
instantaneously with no need for additional hardware on the
central system, supported in ‘template positions’.
• Fault tolerance and high availability. Fault tolerance and high
availability of platforms was fully achieved, enabling a near-zero
down time, allowing upgrade and platform maintenance without
disrupting the platform availability.
• Budget frozen solution. Without compromising performance
the system has grown in capacity to feed more additional
positions, and the investment cost was 60 percent of the same
solution with discrete platforms.
• Green solution. Power consuming is about 80 percent below
that used for the same solution based on discrete platforms.
• On-demand solution. Power management enables system
shutdown or standby mode when not in use, and almost
instantaneous availability if needed.

System implementation overview

With the scheduled installation of Pre-OJT systems in all
control towers in the Lisbon FIR, the next steps will be:
• Implementation of the infrastructure that will enable each of
the OJT’s to communicate with each other;
• Achieve simultaneous running of exercises on different OJT
units (ACC and tower), enabling integrated training of ACC and
tower controllers. v

Safety and flight Economy
passes through us.
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Practicalities of PBN
implementation
How is performance-based navigation to be implemented – and who will pay for it?
Ian Whitworth, ASAP
There is no doubt that performance-based navigation
(RNAV/RNP) implementation will provide great benefits
to airspace users as a whole. No longer do aircraft have
to fly on tracks between navigational beacons but they can now
fly point to point. However it is a misconception that this will
automatically reduce track miles flown. Track miles flown may
not be reduced in all cases but many other benefits could be
realised with PBN implementation.
Take the example of a route from an airport that exits a FIR to
an adjoining FIR at a single reporting point on a VOR radial on
the FIR boundary (Figure 1).
Presently in such a situation traffic inbound and outbound
from the VOR are on reciprocal tracks. This means that quite
often aircraft inbound to the airport are kept above the optimal
descent profile by ATC and traffic outbound is kept below the
optimal climb-out profile until they have passed. The other
option is tactical radar vectoring prior to the airspace boundary.
If the airspace is limited this can be a problem and would
require radical radar vectoring to achieve separation. PBN
implementation can solve this problem by establishing radar
separated RNAV/RNP routes (Figure 2).
As can be seen inbound and outbound traffic are unrestricted
and can climb and descend using optimal profiles. This
combined with a GNSS approach will enable inbound traffic to
go straight into the approach without having to overhead the
VOR for a traditional approach. Also notice how the route
is exactly 3Nm from the adjacent airspace boundary and
provides a more efficient use of the available airspace. With the

Figure 1			

Figure 2			
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reciprocal runway in use and combined with another runway in
use close by, the situation is more complex. However the tracks
can be de-conflicted using separated routes and altitude gates
(Figure 3).
The departure traffic will have to fly slightly more track miles
but will benefit from an unrestricted climb to cruise altitude and
in so doing will save fuel. It should be noted that these minimal
separation routes are only available under radar surveillance.
If such optimised routes are possible, why do we have so few
of them and why are we, in most cases, still flying from
navigational aid to navigational aid? To answer this question we
have to look at the actual implementation process.
The stakeholders in PBN implementation are the airlines,
airports, air navigation service providers (ANSPs) and CAAs.
The airlines will be the biggest beneficiaries of PBN
implementation and they realise that RNAV/RNP is the way
forward. Most major airlines have gone to the expense of fitting
their aircraft with the required on-board equipment. However
some are still looking at the cost effectiveness of refitting their
feet. Why refit when there are very few RNAV/RNP routes? So at
the moment there is a mix of RNAV/RNP capable and noncapable aircraft, which makes full PBN implementation difficult.
Airports are concerned about developing LNAV, Baro VNAV,
SBAS and GBAS approach procedures but not particularly
concerned about what is happening 20 or 30 miles away in the
en route structure.
Most ANSPs are now privatised and the entire restructuring of
airspace and routeings
does not seem to be
high on their list of
priorities.
A lot of CAAs in
Europe have now
become regulatory
bodies only and no
longer get involved in
the actual
determination of
routeing structures
other than as part of
the approval process.
All the stakeholders
can give valuable input
to such a project, but
to whom? Who are the
people that really do
the work of creating a
new PBN route
Figure 3
structure?
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• A project manager to liaise with all the stake holders and
provide feedback to the project team;
• A data entry person to enter into the computerised system all
the data required (airspace, danger/restricted areas, present
reporting points, existing routes, etc);
• A conceptual design person who will take the present route
structure and design radar separated RNAV/RNP SIDs/STARs
using a combination of lateral and vertical separation;
• An instrument procedure designer to ensure that the SIDs/
STARs are safe and ICAO compliant;
• An airspace person to analyse the airspace required and
suggest changes to the current airspace to accommodate the new
PBN procedures;
• A cartographer to create a visual representation of the new
procedures for perusal by the stakeholders;
• An entire fast-time simulation team;
• A person to develop the safety case for the new procedures,
ready for submission to the regulatory body (CAA);
• Various support staff.
These are all highly qualified people that make up this initial
implementation team.
What is the average time between the decision to implement
PBN and actually having PBN routes in the sky? The previously
mentioned design team will take about six months to develop a
set of draft PBN procedures. These draft SIDs/STARs are then
distributed to the stakeholders for comments and suggestions.
Changes are made and the SIDs/STARs are redistributed. This

iterative process can take up to two months. After eight months
the new PBN procedures are ready for submission to the
regulatory body. Usually these procedures involve an airspace
change proposal, which can take 10 months to complete. So
from inception to implementation can take over 18 months.
Who is going to pay for all this time and effort? Let us look at
the financial practicalities of PBN implementation. The biggest
beneficiaries will be the airlines, so obviously they should pay.
However why should one airline pay for the extensive work by a
highly trained team when the benefits will be available to all
including the competition? As a collective airline group IATA
could pay, but it is unlikely that IATA would bear the expense of
changing the entire routeing structure in Europe for the benefit
of those of its members who are PBN capable.
The ANSPs, who are now mostly privatised, could also benefit
from implementation of PBN, but funding such an expensive
project would require increasing en route charges. In the present
financial situation this would not be acceptable to the airlines.
As mentioned previously airports are not really interested in the
en route structure, so they are not going to pay for this work to
be done. For regulatory only CAAs there is no mandate to do
this work. For CAAs that are government run, PBN
implementation is funded by the government but even then the
finances are tight for such an expensive project.
It is certain that PBN SIDs/STARs and approaches will be
implemented in the future but the question still remains – who
will pay for it? v
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Northern highlights
A new air traffic control system to secure the capacity needed at Helsinki Airport
Hannu Hervos, Finavia
A new electronic air traffic control system will be
gradually implemented at Helsinki Airport. The aim is
to ensure smooth and safe operations even when traffic
volumes increase. This creates the basis for the airport’s capacity
to serve air passengers as a world-class transit airport.
“The reform is aimed at creating a safe service, increasing
capacity and improving air traffic controllers’ job satisfaction and
ergonomics. In this manner we will strengthen Finavia’s
positions as a strong airport agent. With regard to developing air
traffic control systems, we are top European players, if not
pioneers. Finavia’s strengths are training in the field of air
navigation, flexible airspace solutions, air traffic control systems
and planning these systems,” says Anne Ilola, director, Air
Navigation Operations.
Globally the new system is the most modern in its class. In a
unique way it combines the aircraft route clearance from traffic
control, permissions to move in the area and the status picture
from the radar system. The integration of the system into the
control of runway lights enables automatic control of the airfield
lighting, which in turn provides our customers with added
safety.
The electronic air traffic control system, called eSTRIP, is used
to control air traffic in the airport area, aircraft taxi clearances
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and vehicle traffic at the airport. Runways and taxiways must
not be entered without permission from traffic control, and these
permissions will henceforth be managed with an electronic tool.
The system replaces the old routines based on printed flight lists
and enables even smoother and more effective traffic control at
Finland’s main airport.
Vehicles moving in the airport area will be equipped with
radio transmitters and a positioning system that will provide
traffic control with a real-time image with automatically updated
identification of both aircraft and ground vehicles.
A prequel to the implementation of the new system was the
complete renovation of the aerodrome control tower in 2010.
The working conditions and technical systems of the tower were
renewed and the tower was fitted for the use of the eSTRIP
system.
Finavia maintains a network of 25 airports in Finland and the
air navigation system covering the entire country. During the
first six months of 2011 the number of air passengers at Finavia’s
airports increased by 18 percent compared with the
corresponding period the year before. Due to increasing traffic
between Europe and Asia, Finland has the most comprehensive
offering of direct flights from Northern Europe to Asia and an
extensive route network to various European locations. v
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How will aTM implement
future flight
prioritisations?
What are the challenges of future trajectory paradigms and how can the costs of delay be
taken into account?
Andrew Cook, University of Westminster, London

When demand exceeds capacity, tactical flow
management slots are allocated according to
fundamentally similar principles in Europe and the
USA. In Europe departure slots are allocated on a ‘first-planned,
first-served’ principle, with re-routing a possible mitigation
option. In the USA airlines may manage arrival slots through
several mechanisms when a Ground Delay Program is in
operation. In essence both the European and US procedures
work with the airline’s schedule as the starting point and are
driven by the airline’s desire to maintain this schedule. Currently
neither ATM process is a cost optimisation, although both seek
to be fair in terms of not unnecessarily discriminating against a
given operator.
A key challenge facing ATM under future paradigms of
improved trajectory management, is establishing what principles
will be employed to determine flight prioritisations. The
European SESAR and US NextGen programmes both identify
opportunities to advance the state of the art with regard to flight
planning and trajectory management.
At the core of SESAR’s new operational concept is the 4D
trajectory, whereby the current ICAO flight plan will evolve into
a trajectory that is operated subject to certain time constraints,
or target windows. It will be described and executed with the
required precision in all four dimensions. This represents a
change from an ‘airspace-based’ environment to a ‘trajectorybased’ environment.
Merging poorly synchronised traffic adds considerably to the
uncertainties of landing times. 4D trajectories, with precise timebased (as opposed to distance-based) aircraft spacing, will afford
reduced separation and higher runway capacity, which is usually
the limiting factor of airport throughput. For busy airports
during peak hours, these target windows could be as precise as
±30 seconds.
Similarly NextGen describes one of its eight key concepts as
‘trajectory-based operations’ (TBO), whereby a flight path is
dynamically adjusted in space and time, using a known position

and intent. Once again the intended result is a decrease in
separation and an increase in capacity.
Future flight prioritisation
SESAR and NextGen both maintain dynamic iterations of their
ConOps documentation. Within SESAR, the 4D trajectory is also
referred to as the ‘business trajectory’. The ‘business’ aspect
means that ANSPs, flow management and the airline will
collaboratively agree on the optimal path for a flight. The airline
should be able to fly a trajectory close to its business intent and
in the most efficient way while enabling the environmental impact
to be minimised and achieving its preferred time of arrival.
When ATM constraints do not allow the optimal choice for
the airline, finding an alternative business trajectory, which
achieves the ‘best business outcome’ within such constraints, is
to be left to the individual user and agreed through collaborative
decision making (CDM) to best balance demand with capacity.
The precise definition of ‘best business outcome’ is yet to be
defined through research.
The planned airspace demand, and the planned capacity, will
be evaluated by a network manager to identify potential
imbalances. In the case of such imbalance, a demand and
capacity balancing (DCB) solution will be applied, resulting in
capacity adjustments and, possibly, demand adjustments. The
objective is for DCB operations to extend to the day of
operation, close to real-time operation (‘dynamic’ DCB). This
will enable better use of late opportunities and support dynamic
response to late changes in airspace capacity – for example due
to military requirements and/or changing weather.
Under traffic conditions whereby it becomes necessary to
prioritise flights, the user-driven prioritisation process (UDPP)
would next be triggered. The exact capacity shortfall that would
trigger this, is to be defined. This is a negotiation (CDM)
process, operating down to the regional level, supported by
system-wide information management (SWIM). Initially it will
be introduced manually.
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Figure 1: Example cost distributions for 15 minute delays for B738 and B744 (base cost
scenarios)

Figure 2: Components of passenger delay costs

As for the NextGen roll-out, the Joint Planning and
Development Office explains: “Policies should be developed to
set a construct or regime for prioritising flights in congested
operating environments. Air traffic services congestion
management guidelines should be developed for use in
algorithm design. Will prioritisation of operations be based on
factors other than aircraft operating characteristics, such as
aircraft capacity, operator mission? Will market or other ranking
mechanism apply? Policy should be developed to determine the
roles and responsibilities of various stakeholders in selecting
among delay/gridlock mitigation options offered by the
algorithms (for example, which decisions should rest with the
air navigation service providers, airport operators and aircraft
operators).” This statement encapsulates particularly well some
of the more difficult principles of prioritisation, which need to
be resolved.

designed to cover the likely range of costs for European
operators. The base cost scenario is, to the greatest extent
possible, designed to reflect the typical case. All calculations are
undertaken for 12 aircraft: B733, B734, B735, B738, B752,
A319, A320, A321, AT43, AT72, B744 and B763. The cost
elements considered are outlined below.
Fuel. The cost of fuel burned per minute is calculated for the
three off-gate phases. Fuel costs doubled over the period 20042010. The 2010 value used is E0.60/kg. A fuel carriage penalty
is applied to arrival management. Fuel burn rates were kindly
supplied by Lufthansa Systems.
Maintenance. Maintenance costs of delay incurred by aircraft
relate to factors such as the mechanical attrition of aircraft
waiting at gates and aircraft accepting longer re-routes in order
to obtain a better departure slot. The costs are based on values
previously modelled, derived largely from interviews with eight
European airlines, then updated using ICAO data. A model is
used to apportion the maintenance cost between the airframe/
components and power plants across flight phases. The at-gate
costs are relatively low (compared with the other phases, see
Figure 1) because relatively little wear and tear on the airframe is
experienced at-gate and the engines are off for the vast majority
of this time.
Fleet. Fleet costs refer to the full cost of fleet financing, such
as depreciation, rentals and leases of flight equipment. These
costs are determined by service hours. Since use has only a very
small effect on these costs, they are wholly allocated to the
strategic phase (for which we have calculated separate costs) and
the corresponding tactical delay costs are thus taken to be zero.
Following industry trends reported in ICAO data, for example,
the 2010 base scenario values had fallen by up to a third,
compared with those published in 2004.
Crew. Pilots’ salaries generally increase by size of aircraft.
Flight attendants’ salaries are more consistent across all aircraft
types. In Europe airlines typically pay crew fixed salaries,
supplemented by (relatively) small flying-time payments and
cycles-based allowances. Total cabin crew numbers are driven by

Airline delays – trends and costs
After an unprecedented drop in European traffic in 2009,
modest growth of 0.8 percent followed in 2010, with traffic
returning to 2006 levels. Despite this, just over 24 percent of
arrivals were over 15 minutes late in 2010, which was the worst
year since 2001. The increase in delays included a considerable
increase in en-route constraints, mostly due to ATC strike
actions. Overall 46 percent of flight delay minutes were
attributable to reactionary (‘knock-on’) delay. The trend of the
proportion of reactionary delays since 2003 has been generally
increasing. Cancellations were also a prominent feature in
Europe last year. Although these cancellations had a limited
effect on punctuality, the ash cloud alone reduced 2010 traffic
growth by 1.2 percent.
Earlier this year the University of Westminster published a
report on European costs of delay for 2010, calculated as a
function of delay duration and by four flight phases: at-gate,
taxi, cruise extension and arrival management. This report
updates earlier work published in 2004.1 Costs are assigned to
three cost scenarios: ‘low’, ‘base’ and ‘high’. These scenarios are
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Figure 3: Total cost of delay, by phase, as a function of primary delay duration (B738)

the maximum number of seats available, in the USA. Typical
pilot and flight attendant salaries were calculated for various
European airlines using their corresponding payment schemes
with realistic annual block/flight duty hours, sectors flown and
overnight stopovers. Cycles-based pay is subtracted from the
annual, total cost estimates such that the remaining proportion
of the salary is more accurately ‘time-based’. Airline on-costs and
overtime are considered.
Passenger costs. Our cost estimations address airline delay
costs – not wider costs of delay such as ‘value of time’ costs
internalised by passengers and thus not affecting the airline. A
cost of passenger delay to the airline may be classified as either a
‘hard’ or ‘soft’ cost.
‘Hard’ costs are those that are due to such factors as passenger
rebooking, compensation and care. Although potentially difficult
to ascribe on a flight-by-flight basis, due to accounting
complications, they are, in theory at least, identifiable deficits in
the airline’s bottom line.
‘Soft’ costs manifest themselves in several ways. Due to a delay
on one occasion a passenger may defect from an airline –
although quite possibly reversing this defection subsequently. A
passenger with a flexible ticket may arrive at an airport and
decide to take a competitor’s on-time flight instead of a delayed
flight on which they were originally booked. ‘Soft’ costs,
exemplified by these types of revenue loss, are rather more
difficult to quantify.
These passenger costs have been previously derived from two
European airlines’ data. Since then the EU’s air passenger
compensation and assistance scheme (Regulation (EC) No
261/2004) has been introduced. It affords passengers with

additional rights in cases of flight disruption (denied boarding,
cancellation and delay). Updates we have made to the preregulation values estimate these cost effects. Drawing on typical
seat allocations and load factors, these values are translated into
per-aircraft costs for each of the 12 supported aircraft.
Reactionary costs. All reactionary delay is treated as at-gate
delay, differentiated by rotational delay (same aircraft) and nonrotational delay (other aircraft). Our model not only quantifies
each reactionary delay as a function of the magnitude of the
primary delay, but also assigns these costs over several rotations
and applies caps to the rotational delays at costs comparable to
those of cancelling a flight.
Different models are used for narrowbodies and widebodies,
and for different types of cost (fuel, passenger, crew and
maintenance). At lower delay, recoveries between rotations are
accounted for. These are largely made through schedule buffer
and slack-time at-gate, and sometimes by achieving a faster
turnaround.
Key results
The costs of delay are generally dominated by the passenger
costs (agreeing with airline feedback in our working group on
delay cost management). The contribution of the reactionary
cost varies by phase and delay duration, and is an important
part of the total cost consideration. For the B744 at-gate delay it
is the second highest cost, being slightly larger than the crew
costs. This reflects the high cost of passenger delays for the
widebody (compare the B738 reactionary costs).
After the passenger costs, and depending on the delay
duration, the next highest contribution is typically fuel costs for
the en-route phase (becoming proportionately less as the length
of the delay increases). En route, the third largest component of
the costs is usually the crew cost (typically the second highest
cost at-gate). Figure 3 shows that the costs are a non-linear
function of the primary delay duration (using the square of
delay gives a fairly good fit). In other words, two 15 minute
delays cost less than one delay of 30 minutes.
Using delay cost to determine priority
We have also found that very good mathematical fits may be
obtained between maximum take-off weight (MTOW) and the
cost of delay, for a given delay duration and phase of flight. This
is probably not that surprising, since aircraft weight and size are
related to a number of key factors that drive these costs (number
of passengers, number of crew and fuel burn).

For 4D trajectories, ‘operator mission’
and the ‘best business outcome’ must
embrace the economics of operations
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European ATM in 2010
24.2 percent of arrivals over 15 minutes late
46 percent of delay minutes due to reactionary delays
111,000 flights cancelled due to the Eyjafjallajökull ash cloud (April-May)
5,000 ‘extra’ flights, repositioning and repatriation
26,000 cancellations due to strikes in France and Spain
45,000 cancellations due to bad weather
Source: Eurocontrol Performance Review Report 2010

For 4D trajectories, ‘operator mission’ and the ‘best business
outcome’ must clearly embrace the economics of flight
operations. An important consideration for the implementation
of any economic mechanism for flight prioritisation is
acceptability by the airline community. Using MTOWs as a
proxy for cost has the added advantage that MTOW is
historically established as a charging mechanism in a number of
contexts, such as en-route navigation and airport landing fees.
While the use of static cost functions based on delay duration
and weight may provide transparent and acceptable solutions in
the near term, migration to fully dynamic cost management will
need to take account of real-time cost drivers such as passenger
load factors and connectivities. This is ‘dynamic cost indexing’.
The technologies for this are already available, although not yet
integrated.
Other prioritisation mechanisms being considered include
‘on-time first, best-served’, which, broadly speaking, rewards
airline data sharing with the ATM network manager and
compliance with agreed 4D trajectories. Whatever the
mechanism, optimising cost savings with respect to the original
schedule will need to be an important principle in prioritisation
negotiations, since arrival delay relative to schedule drives the
largest cost to the airline – the cost of delayed passengers.
What next?
There is still work to be done regarding inclusion of the
passenger perspective. Consider the two delayed European B738
flights, ‘A’ and ‘B’, in Table 1. The table shows example (but
reasonable) values for the associated revenue to the airline
operator (AO), the primary and total costs of delay for 30
minutes of primary delay, and the total passenger delay. The
‘total’ cost of delay includes the reactionary costs.
This illustrates some of the challenges facing a quantified
approach to flight prioritisation. How is it to be decided, under
future trajectory management paradigms, which flight to
prioritise under capacity constraints? Both have an equal

Table 1

primary delay of 30 minutes. Very unlikely to be an acceptable
(or workable) principle with airlines, is prioritisation by some
measure of ‘ability to pay’ (such as flight revenue), although this
may be aligned with primary delay cost (favouring recovery of
flight ‘A’). Taking reactionary costs into consideration, flight ‘B’ is
the prioritisation candidate, a conclusion again reversed if based
on total passenger delay incurred in the network.
In general the average delay of a delayed flight and the average
delay of a delayed passenger are not the same. The latter is
normally larger and the distribution of passenger delays is more
heavily skewed to higher values. Several observers in the
industry and academia have highlighted the need for a better
understanding of reactionary delay and its propagation, and the
development of complementary, passenger-centred metrics.
Passenger-centred performance is now very much at the fore
of European Commission transport policy. However the air
transport industry still lacks a formally adopted set of passengercentred metrics: its reporting on delay is very much flightcentred. Sometimes these types of metric are aligned; in other
cases they give contradictory results. For example:
• Cancellations often improve flight punctuality statistics (by
removing a potentially long delay from the dataset), while
producing an (extremely) detrimental effect on passenger
punctuality.
• Holding several flights for an in-bound delayed flight could
improve the net passenger delay cost, but worsen aircraft delay
minutes
SESAR is currently exploring these issues in the PassengerOriented Enhanced Metrics (POEM) project, which began in
May 2011. This project is led by the University of Westminster
and run in partnership with the Innaxis Foundation and
Research Institute (Madrid). It will develop a dedicated
European ATM model, with comprehensive passenger
connectivity data (from IATA) and aircraft-tracked flight data
(from Eurocontrol). POEM will examine the relationship
between performance and new operational scenarios, such as
passenger-centred flight prioritisation rules, changes in load
factors and new paradigms for inter-airline cooperation. It will
also explore interdependencies and trade-offs between new, and
existing, key performance indicators – the industry cannot
simply improve everything, to the same extent, simultaneously.
It is sometimes overlooked that the passenger is the ultimate
customer of ATM. Passenger-centred metrics have an
increasingly valuable role to play in the development of delay
cost management strategies and flight prioritisation, under
future 4D trajectory paradigms. v
Reference
1. European airline delay cost reference values – http://www.
eurocontrol.int/prc
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Dr Andrew Cook is a principal research fellow at the University of
Westminster, London.

A

€20 000

30 mins

€2 000

€2 200

120 hours

B

€10 000

30 mins

€1 500

€2 300

100 hours

For further details of how to get involved in POEM, at any level,
including a free workshop on 10 January 2012 (in London), please
email: airspace-research@westminster.ac.uk
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unique environment for
unmanned systems
The Welsh Government has created a unique environment for unmanned aircraft
systems to fly in segregated airspace
Carl Davies, West Wales UAV Centre

In June 2011 the UK CAA announced its endorsement
of Wales’s Airspace Change Proposal (ACP). The revised
airspace, which became effective on 28 July 2011,
creates a unique environment within the UK for unmanned
aircraft systems (UAS) to fly in segregated airspace. The new
airspace abuts the existing Danger Area EGD 201 (Cardigan Bay)
and extends inland 40Nm to the east, covering 1,300km2. This
development consolidates the UK’s position at the forefront of
UAS development and is the culmination of four years’ of effort
by the Welsh Government to gain regulatory approval.
The decision to endorse the ACP represents an important
stepping stone for the integration of UAS into controlled and
uncontrolled airspace, and uniquely makes provision for
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multiple UAS operations and the mixing of aircraft types. On
announcing its endorsement the CAA stated: “The acceptance of
this proposal marks a great step forward with regard to
unmanned aircraft systems operations within UK airspace.”
In accordance with the CAA’s guidance on the application for
the ACP, the application was submitted following a stakeholder
consultation in 2009. The consultation included private and
public sessions with local authorities and their communities, as
well as with key aviation stakeholders including the Ministry of
Defence and members of the general aviation community.
The purpose of the consultation was to ensure that all issues
relevant to the ACP were taken into account and that the proposed
airspace design was safe, efficient, of minimal environmental

Management

Unique UAS operating environment

Aerial view of ParcAberporth

impact, and did not unreasonably affect other airspace users. It
was important to establish and address the concerns of local
residents and other interested parties as part of this process.
The consultation exercise presented three options for airspace
around which comments were invited. The option that was
eventually submitted to the CAA for review and approval
afforded maximum flexibility for all airspace users, encouraging
continued use of the airspace by general aviation whilst also
accommodating unmanned systems. It was designed to deliver
and conform to flexible use of airspace (FUA) principles.
Designated Danger Areas EGD 202 and EGD 202A/B/C, the
airspace has been designed in discrete ‘blocks’ activated by
NOTAM. In keeping with FUA principles, airspace blocks will

The airspace change further enhances the facilities and services already
available within the region. ParcAberporth is the UK’s only technology park
dedicated to the development of technologies for the unmanned systems
industry. Located alongside West Wales Airport, its high-specification
buildings were purpose designed incorporating R&D, workshop and office
space. It was opened in 2005 with the aspiration that it would become
the UK’s premier location for the testing, development and evaluation of
unmanned systems. Since 2009 it has been home to the UK Ministry of
Defence’s Watchkeeper UAS programme.
Watchkeeper took its first UK flight from West Wales Airport in 2010
and is now well into its test and evaluation programme, prior to formal
acceptance into service with the British Army. To ensure the runways at
West Wales Airport can be rapidly redeployed for other manned or unmanned
operations, the entire site has been equipped with an underground wiring
network, enabling all Watchkeeper’s specialised control gear to be rigged
and de-rigged in a matter of minutes.
Ray Mann, managing director of West Wales Airport, described how
Wales’s UAS environment evolved: “A unique set of conditions came
together 10 years ago when the Welsh Government decided to create the
adjacent technology park, ParcAberporth. The co-location of the airport and
park within the existing Danger Area EGD 201 provided the perfect scenario
to develop both enterprises in tandem to deliver flying facilities and accommodation for UAS operators.”
West Wales UAV Centre, a QinetiQ office, completes Wales’s unmanned
systems environment. The Centre delivers a range of services from the
hosting of simple flying demonstrations, support in the production of flight
test programmes and associated safety cases, through to the facilitation
of complex flight trials programmes supplemented by ground-based
instrumentation and post-trial analysis. Air traffic management services to
support UAS flight operations are enabled through the WWUAVC via the
Partnering Agreement between QinetiQ and the UK MOD.
QinetiQ’s Carl Davies explained: “The Wales UAS environment is unique
in Europe and represents a world-class facility for the development of
unmanned aircraft systems and the critical sensors and technology they
carry. Through the provision of managed airspace and QinetiQ’s safety
oversight and pedigree in aviation matters, we can support a range of
operations that will enable manufacturers, users and potential customers
to develop, demonstrate and train within an environment that the regulators
have recognised as a focal point for UAS activity in the UK. This will support
increased familiarity, awareness and understanding of UAS from a regulatory
perspective, which in turn promotes informed development of UAS integration
into the national airspace.”

only be activated when required and, when active, will be
managed through the ATC unit at MOD Aberporth Range,
operated by QinetiQ. Through the ATC team at MOD
Aberporth, a Danger Area Crossing Service shall be provided to
requesting aviators whenever the airspace is activated.
Depending on which block is operational, the airspace is able to
support flying activity from surface to FL225, with blocks B and
C effectively forming a floating ‘shelf’ of airspace commencing at
FL100 up to FL225, underneath which Class G airspace remains
open for normal aviation. When coupled with the EGD 201
complex (7,125km2/unlimited height), the totality of the Wales
UAS environment presents a dynamic location for UAS testing,
development, demonstration and training.

AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012

81.

Management

First UK flight of Watchkeeper on 14 April 2010

The access for UAS flights into the D202 complex is afforded
by West Wales Airport, a privately owned and CAA licensed
airfield with a 1200m asphalt runway and a 580m grass runway.
Its existence since 2001 has provided the opportunity to develop
the now specialised UAS environment in Wales. In 2009 the
airport designed and delivered a world-class UAS facility for the
UK MoD Watchkeeper UAS programme.
The air traffic services required to manage the airspace are
delivered by QinetiQ from the MoD Aberporth Range and
arranged by the QinetiQ office located on the Welsh
Government-developed technology park, ParcAberporth. The
office, known as West Wales UAV Centre, was established by
QinetiQ to act as a focal point for UAS requirements, both for
civil and military customers.
The ACP was developed following CAA Guidance CAP 725.
The submission process consisted of two main phases associated
with the Regulatory Decision stage. First a Documentation
Check was undertaken by the CAA to verify that all the specified
documentation was included in the submission. The second,
and most important, phase was the case study – requiring the
regulator’s analysis of the technical merits behind the proposal
against the stipulated requirements. The case study enabled the
CAA to determine whether there was a case for an airspace change
and whether that case was answered by the formal proposal.
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Illustrative map of EGD 202 and EGD 202A/B/C, depicting the airspace blocks

Following rigorous scrutiny, the director of Airspace Policy
was satisfied that the case made for additional segregated
airspace for sole use of UAS had been met. The decision was,
however, subject to certain conditions including:
• Radar monitoring of the ‘floating’ elements of airspace, when
they are in use;
• Radar monitoring when any ‘beyond visual line of sight’
(BVLOS) operation is undertaken;
• UAS >20kg must have approval from the relevant authority
(military or civil) where development has achieved an
appropriate level of maturity, or be subject to an exemption.
At the forefront
The Welsh Government, which sponsored the ACP, has been the
driving force behind setting up the Wales UAS environment,
which includes ParcAberporth Technology Park as the UK’s only
Centre of Excellence for UAS. Welsh Government Business
Minister Edwina Hart AM has described the announcement as a
significant step forward in support of the on-going development
of an emerging technology sector with high growth potential:
“The ability to have dedicated airspace and facilities available
in the UK is seen as key to ensuring that Wales and the UK are
at the forefront of this new and growing sector. It provides Wales
with a unique proposition to attract companies working in this

sector and also has the potential to raise the profile of Wales in
international markets. Our ultimate aim is to create sustainable
employment opportunities in the region.”
The Welsh Government contracted QinetiQ to provide
technical advice on the design, consultation, review and delivery
of the ACP to the CAA. Drawing on its airspace management
subject matter experts, programme management experience and
local knowledge, QinetiQ was well placed to support not only
all the technical aspects of developing an ACP, but also the
necessary engagement throughout the communities in Wales
with an interest in the development.
Wales’s new airspace is a significant milestone, which marks
the first practical steps to the routine operation of unmanned
systems. These systems provide the mechanisms to expand the
horizons of aircraft capability into areas of new applications
while having the potential to reduce the costs and increase the
effectiveness of existing manned operations. They will drive
change in the aerospace industry and beyond and bring with
them new ways of maintaining the safety of all aircraft operations.
The onus is now on UAS manufacturers, operators and users
to take advantage of these facilities and the regulatory
involvement therein to accelerate the understanding of
operations and, ultimately, accelerate the broadening of UAS
operating envelopes and wider acceptance of UAS as a whole. v
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Money matters
Invoicing and collection solution for ANSPs – simple, secure and effective
IATA Enhancement & Financing services

In this case study we speak to Arnaud Francq, director
of Industry Payment Services at IATA, to explore how
Enhancement & Financing (E&F) Services can assist
ANSPs and CAAs in their financial processes.
Why is IATA developing financial solutions?
IATA is an airline association grouping over 230 operators who
represent 93 percent of scheduled international air traffic.
Although IATA is well known for its work on safety,
environment and initiatives such as Simplifying the Business,
financial services are one of its core areas of expertise.
In fact it is a key component of IATA’s role. Since the creation
of the IATA Clearing House in 1947, and the expansion of the
Billing and Settlement Plan (airline ticket sales) services to 168
countries or territories, IATA has always focused on offering
simple, secure and cost-effective financial solutions.
Today nearly half of IATA’s resources and 1,300 staff focus on
various aspects of financial services. IATA processes transactions
that exceed US$350 billion per annum.
One of these key services is IATA Enhancement & Financing
(E&F) Services, an invoicing and collection solution that IATA
offers to ANSPs, CAAs and airport operators to collect their
service charges from airlines.
Can you explain the objective in offering E&F services?
The airline industry is a very low-margin business and therefore
it is essential to operate at the highest level of efficiency. This
efficiency requires excellent cooperation between ANSPs and
airlines. E&F started over 20 years ago as the industry realised
there was a need to simplify and accelerate the financing of key
infrastructural improvements. I believe it actually started with
the purchase of a fire truck for an airport authority.

IATA’s Enhancement and Financing Services (E&F)
• Increased cash flow predictability
• Streamlined financial processes and control
• Administrative efficiency
• Validation of billing data
• Integrated invoicing of airlines
• Collection of charges through IATA’s financial systems
• Settlement of funds
• Comprehensive accounting, reconciliation and reporting
• Close to 100 percent collection rate
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What are the unique elements of E&F services?
In addition to its expertise, IATA is in a unique position as it
processes the financial flows of airlines. IATA collects the sales
revenue from travel agents and freight forwarders and remits
the funds to airlines. It also handles inter-airline settlements.
Therefore IATA has the opportunity to settle ANSP invoices by
direct debit within IATA Settlement Systems.
What do you see as the main advantage for E&F customers?
An Account Receivables process has two key dimensions. One is
linked to the financial settlement part and includes mainly the
need to minimise the number of day charges that are
outstanding, and also includes risk management – the risk of
not being paid by the operators. A second key element is the
quality of the process, the ability to issue invoices quickly and
efficiently. Data quality is key to minimising queries and/or
rejections. Another important element is the quality of reporting
to enable monitoring of process performance, analysis of trends
and traffic growth to support key management and investment
decisions.
How does E&F ensure the highest performance of its collection
process?
E&F can collect a large percentage of the charges through its
proprietary settlement systems, but the real challenge is not for
the first 95 percent of the amount invoiced, but for the small
volumes that could remain outstanding with a regular invoicing
process. IATA can rely on a network of offices in 60 countries,
multilingual staff and collection experience for over 50 ANSPs
and airport authorities all around the world. This ability to
leverage a unique network and consolidate processes from
authorities on every continent is what makes a difference.
A number of airlines that E&F is handling are not members of
IATA. How does E&F ensure optimum communication with them?
E&F services offer a complete solution for the financial
department of an ANSP and can therefore handle collections
from both IATA and non-IATA members.
The best practices adopted for IATA members, such as
electronic invoicing, are also beneficial for non-IATA members.
One should also point out that the number of operators using
the ISS (BSP in particular) far exceeds the number of IATA
members. Finally IATA is in regular contact, locally and
centrally, with many other operators via E&F and other services.

Management

The real challenge
is not for the first
95 percent of the
amount invoiced,
but for the small
volumes that could
remain outstanding
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Enhancement & Financing services – an integrated invoicing, collection and settlement system

What have been the latest enhancements to the E&F product and
what is in store for the future?
E&F services continuously look at increasing the value of its
services. The key element is to create a win-win approach
between ANSP/airport and airlines. The first priority was to
eliminate paper and manual processes as much as possible from
the invoicing process. This resulted in a faster and more efficient
workflow at the ANSP level but also allows airlines to review
and process their invoices faster and more cost effectively.
The next benefit is that invoices are available online not only
for the current month but for a period of two years, adding
convenience of storage and simple tools to review historical
trends. Our next objective is to further improve the data
collection and validation. Change of billing address and/or

change of aircraft MTOW are now the main source of queries
that we are addressing.
Can you give a typical success story of one of your clients?
No two organisations are identical and therefore they define
their priorities and success in different ways. However we are
particularly proud of a customer in the Gulf region that has not
only been using our services for over 15 years, always achieving
a near perfect collection rate, but has also been instrumental in
promoting best practices for financial processes in a region
where fast growing traffic volumes require continuous
investment and improvement. This kind of result is only
possible through the constant dialogue that has resulted in a
productive partnership. artnership. v

E-invoicing
Offered since 2003, IATA’s e-Invoicing Services has been the leading e-invoicing service for the aviation industry. Through a single channel, IATA e-invoicing provides
access to an established and growing community of airlines and their trading partners. Currently 300 airlines and thousands of suppliers use this service to exchange
invoices. A growing number of them are integrating IATA e-invoicing directly into their financial systems to maximise the benefits of the service.
Benefits for the invoice sender
• Elimination of the need for printing, paper, envelopes, stamps. It’s less work, it saves money, and it’s better for the environment.
• Fast, safe and secure invoice delivery direct to the right person. By side-stepping postal delays and invoices misplaced at the customer organisation, you eliminate the
need to send duplicates.
• Improved visibility and tracking of invoice and payment status. You no longer need to call your customers for an update.
• Electronically archived invoices for up to 10 years. Paper archiving is unnecessary as you can access and search your secure archive online.
• Online messaging and data amendment capabilities. You can respond more quickly to customer enquiries.
• Compliance with local and international tax regulations in over 30 countries, and counting. You no longer need to worry about a tax audit.
And you can also use the system to receive invoices from your own suppliers.
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Facing Future
challenges in ATM
A new approach to include ergonomics in system design
André Perott, Nils Schader, Ralph Bruder, Darmstadt University of Technology, Institute of Ergonomics and
Jörg Leonhardt, DFS Deutsche Flugsicherung

In a world with a continuously growing number of
aircraft movements, ATC is facing the challenge of
increasing performance without sacrificing its high level
of safety. To meet this goal, several measures are being discussed
within the context of NextGen in the USA and SESAR in Europe.
The SESAR concept defines its targets as:
• Increase in capacity 3x;
• Increase in safety 10x;
• Costs per flight/passenger – 50 percent decrease;
• Environmental impact – 10 percent decrease.
To achieve these targets by 2020, new approaches regarding
system design and organisational changes are essential. In
addition human machine interaction, human performance and,
more specifically, human performance variability, will become
even more important than they are today. In the history of
aviation, humans have been seen as the weak component in an
otherwise safe system. Human error is considered the cause in
up to 90 percent of incidents and accidents within the airspace
system.1 On the other hand, the same people create safety
through their practice in their everyday work. There is a great
potential to increase safety by understanding the positive
contribution of human performance variability.
The theory of Resilience Engineering describes the ATM
system as complex and interactive, wherein a simple cause-effect
explanation of incidents is no longer sufficient. Erik Hollnagel
stated: “… untoward events more often are due to an

unfortunate combination of a number of conditions, than to the
failure of a single function or component”.2
To improve overall performance and to achieve defined
targets, ATM has to be understood as a socio-technical system.
From this point of view, human performance variability is
essential to maintain system flexibility in order to handle traffic
adequately. In this understanding, human error is seen as a
symptom of deeper problems in the system rather than a cause.
The new view baseline is the paradigm shift from blaming the
individual to analysing and understanding the system.
If a work system is analysed in a structured way where
interdependencies are understood, the potential for the
occurrence of unwanted events may be anticipated and reduced.
This assumption is supported by a NASA investigation that
states that within the same environment and with access to the
same information, most experienced personnel would be prone
to making similar errors.3
DFS Incident Analysis supports this perspective and shows a
strong relationship between system design and errors. Based on
this, the root of an assumed human error – the symptom – may
lead back to the very early stages of system design.4 Indeed
further investigations by the German ANSP (DFS Deutsche
Flugsicherung) and the Institute of Ergonomics TU Darmstadt
(IAD) even detected ergonomic weaknesses in newly acquired or
designed systems. HMI displays, which are the main mode of
visual information presentation, suffered from issues concerning

Weaknesses in the design of current
workstations in ATC are mainly a result
of a non-ergonomic focus
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Figure 1: Application of scenarios for analysing the context of use

font sizes and types, viewing distance problems, overlapping
information, etc.
DFS and IAD therefore suggested the development of a design
guide to improve future ATM system design. However further
studies showed that a pure ergonomic database is not sufficient
in this context. This is how the idea of the Design Process Guide
was born. It is a tool that offers process-orientated access to
relevant ergonomic knowledge and is able to indicate
relationships among design elements.
Development of the Design Process Guide
For the development of the tool, it has been essential to gain a
thorough understanding of how system designers think, work
and make decisions. Therefore a comprehensive study was
conducted that analysed factors influencing ergonomic design
solutions and suggested improvements to support designers
regarding ergonomic issues. Human factor experts, air traffic
controllers, project managers, IT experts and researchers were
involved to define relevant ergonomic knowledge, technical
possibilities and operator experiences at an early stage.
Alongside workshops, this study used the ‘scenario technique’
to understand the designers’ current approaches and ergonomic
problems. Scenarios are stories that describe the use of tools by a
user, all of which are fictitious.5,6 Scenarios are very powerful,
especially in a complex context, as they give meaningful insight
as to how new or modified tools may be used and how current
approaches may be improved.
Each real ergonomic sub-problem was transformed into a
problem-scenario and a use-scenario, which were discussed with
the project owners afterwards. The use-scenario described
characteristics of an imaginary tool that could help solve the
problem. An important incentive for the participants was that
their reported ergonomic sub-problems were actually solved
during the scenario process and that they could use the results
in practice. Figure 1 shows how DFS and IAD applied scenarios
for analysing the ATC design context.

Design Process Guide
We found that ergonomic weaknesses in the design of current
workstations in ATC are mainly a result of a non-ergonomic
focus in the current organisation and in human resources.
Designers are willing to address human factors and they show a
high empathy for air traffic controllers; organisational aspects
and the non-ergonomic focus in the educational background
make it difficult to do so. To support the designers with their
tasks, we found three areas for improvement: knowledge
acquisition, knowledge application and knowledge transfer.
This is also where new support systems could make a major
contribution. Therefore these three fields will be integrated
company-wide in the Design Process Guide, which is ideally
managed by a central organisational unit inside DFS (Figure 2).
One intention of the Design Process Guide is to objectify
ergonomic decisions during a project. As stated above, the
Design Process Guide exceeds the classic functions of an
ergonomic database. It offers access by ‘design element’, shows
process-related and content-related topics, and shows
implications of certain design decisions. Furthermore it serves as
documentation, detailing why a designer came to a decision
under a particular set of conditions. The ergonomic database
and the relations are entered and administrated by ergonomic
experts. This may take time and effort, but ensures reliable and
ATC-focused information in the long term. Figure 3 shows an
early design draft of the Design Process Guide (in German).
Adaptation of the DPG by the FAA
A recent development in the USA is NASA’s and the FAA’s
intention to better coordinate their human factors research
efforts “to achieve the intended benefits of investments in
NextGen”.7 NextGen is the US equivalent of SESAR and
therefore faces similar challenges to those challenges described
previously.
FAA published several documents that support work position
designers in ergonomic issues. One example is the Human
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Figure 2: Comparison of current (left) and target (right) states

Factors Design Standards, a compilation of human factors
practices and principles integral to the procurement, design,
development and testing of FAA systems, facilities and
equipment.8 As well as the HFDS, the FAA provides a Human
Factors Process for internal system acquisitions. The HFP
describes how to integrate human factors into the FAA Product
Acquisition Life Cycle, the Human Factors Policy in the FAA
and how to build and integrate a Human Factors Plan.9
Additionally the FAA offers a Human Factors Toolbox, which
provides human factor tools and techniques with a description
of tools to facilitate human factors research and analysis
activities.10
All the tools mentioned are comprehensive. They include a
detailed description, are available in the public domain and are
easy to access. Nevertheless they are rarely used in practice. One
reason is that the user is not guided through the massive data
structure. It is difficult to find the appropriate information in
respect to the current project phase. Even if the information is
found, it is often hard to determine how it can be practically
applied considering the actual design context.
To overcome these challenges, the FAA decided to adapt the
Design Process Guide. The implementation of the Design
Process Guide follows the User Centred Design Process
according to ISO 921-210.11 In the current phase DFS and IAD
conducted several workshops with FAA project managers and
technical experts in order to derive FAA-specific requirements

Figure 3: Design Process Guide design study
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regarding the knowledge base and functional aspects of the
Design Process Guide.
Conclusion
We found that increased in traffic and safety leads to higher
complexity, as air traffic controllers need to process a greater
number of aircraft movements in less time. This demands high
ergonomic quality in system design. However the high degree of
complexity due to interrelationships and dependencies in design
makes it difficult to achieve the intended objectives of SESAR.
The Design Process Guide is an appropriate approach to face the
upcoming challenges in a holistic manner. v
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Better
charts in
less time
Spanish airports and air navigation
streamline aeronautical charting with GIS
Karen Richardson, Esri
More than 190 million passengers pass through airports
in Spain each year. Air transport in the country is
managed by the Spanish Airports and Air Navigation
(Aena) public authority, headquartered in Madrid. Aena’s
mission is to guarantee safe, fluid, effective and economic air
travel. Its Aeronautical Information Division is in charge of
disseminating the crucial information necessary for safe and
efficient air navigation for Spanish airspace and 47 airports
across the country. This mission requires Aena to publish several
cartographic products.
The authority maintains 1,000 charts that are updated every
28 days. These charts are produced at the Aeronautical
Information Service Division to deliver air navigation and safetyrelated data to pilots flying in Spanish airspace. Typically more
than 50 charts must be updated every working week. A
considerable amount of effort is spent on chart cleanup and
quality-checking operations.
Different aeronautical charts containing the same data must be
provided to cover the needs of different end users. This leads to
editing tasks that are often highly repetitive, and requires lengthy
quality control processes. Maintaining coherence between all the
products is time consuming. These tasks make keeping up with
the current map production cycle among the biggest challenges
Aena faces. The organisation is under constant pressure to
ensure that all products are accurate and up-to-date, using the
diverse information coming from various data originators.
Due to international agreements, there continues to be a need
to produce and distribute printed paper aeronautical charts.
However there is a growing demand for access to digital
products as well. Aena’s legacy systems required separate
systems for cartography and digital transmission of data in the
industry interchange standard, the Aeronautical Information
Exchange Model (AIXM) format. Aena lacked a central database
that could manage both requirements. It needed a system to
produce high-quality charts digitally and on paper, as well as the
ability to post charts on the web for publication. After
researching available solutions, the Aeronautical Information
Division selected Esri technology to be implemented as part of
the agency’s aeronautical information management system,
INSIGNIA. The technology includes ArcGIS and Esri
Aeronautical Solution, and these solutions provide Aena with
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The system enables the design, production and printing of high-quality charts that meet Aena’s specifications and conform to ICAO standards

the flexibility it requires to manage complex, critical aeronautical
information in a spatial environment centred on an aeronautical
geo-database.
The system enables the design, production and printing of
high-quality charts that meet Aena specifications and conform to
ICAO standards. These charts include detailed instrument
landing procedures, which are followed by pilots for particular
approaches to runways. Prescribed altitudes and headings that
are to be flown, as well as any obstacles, terrain and potential
airspace conflicts, are depicted. Standard instrument takeoff
charts can also be created to provide flight crews with
information that facilitates departures from airports. En route
charts are used for instrument flight navigation and include
information on navigational fixes, such as waypoints,
intersections, standard airways, airport locations and minimum
altitudes for flight. The system also supports interoperable
messaging using AIXM.
Publishing the data using ArcGIS for Server in a geo-database
makes it possible for Aena to use technologies that conform to
Open Geospatial Consortium standards, such as Web Feature
Service (WFS), providing the ability to publish maps and charts
via the internet without the risk of users changing the data. This
opens the door to a completely new range of products and
services, enabling an improved, more efficient and safer use of
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aeronautical information. Aena is thus able to transition from the
product-focused services it provides today to the datacentric
services of tomorrow.
The transition to GIS for data management and cartography
was a major cultural shift for the organisation. Despite this Aena
is already receiving benefits from its improved processes and
workflows. For example, performing the obstacle analysis used
to produce aeronautical charts for Madrid Barajas Airport’s four
runways now takes only one day instead of the six days required
previously.
The ArcGIS geo-processing tools and geo-database focused
map production have automated tasks and enhanced workflows,
leading to reduced production hours and dramatically increasing
cost-effectiveness by improving overall data management and
use. Aeronautical Solution has allowed high-quality cartographic
products to be generated using more automation from the
central geo-database. This improves the coherence between
products and enables Aena to create an increasing number of
tailored products that meet the specific needs of its clients. With
the ArcGIS system, Aena has gained the flexibility needed to
generate new cartographic products and deliver spatial services
throughout the organisation. Aena is able to do this with the
same resources and is finding new commercial opportunities,
creating a healthy business model.v
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WAM in the
age of ADS-B
The top 10 reasons why wide area
multilateration is an important and relevant
consideration for ANSPs as they move into
the ADS-B age
John de Wit and Tim Quilter, ERA Systems
The deployment of ADS-B surveillance is gaining
momentum. There is no doubt that many leading
ANSPs are well into their research or have made
strategic decisions to deploy ADS-B surveillance equipment. The
fact remains, however, that these deployments are still well
ahead of aircraft equipage and one of the main reasons why
ANSPs should be considering the accepted coverage migration
path through wide-area multilateration (WAM) either before or
simultaneously with any ADS-B surveillance deployment.
10. Seamless integration
Wide area multilateration systems are completely compatible
with current ATM solutions. They output standard asterisk
format messages including radar formats that allow you to
integrate without modifying your existing data processing and
display systems. Update rates can be configured to match
existing surveillance inputs and even radar rotation can be
simulated. System certification can easily be handled by
comparison with existing reference systems such as radar.
Eurocontrol has published guidance material on the
implementation of WAM and on the operational approval
process. The flexibility and performance of multilateration-based
surveillance make it the perfect building block for nextgeneration concepts, completely forward compatible with
NextGen and SESAR.
9. Enhanced approach operations
WAM can be deployed in critical applications such as parallel
runway monitoring or other areas where its accuracy and update
rate are required. Controller awareness of manoeuvres in such
critical areas is ensured because update rates of one second (or
faster) can easily be achieved. Precise monitoring of ‘no fly’ or
incursion zones as well as support for reduced approach
separation operated by some airports also require the higher
accuracy delivered by multilateration.
8. Complete coverage in mountainous regions
WAM antenna can be flexibly deployed to exactly match the
coverage requirements in challenging terrain where mountains
would otherwise block line of sight for a single SSR. Some of the
earliest deployments of WAM were in mountainous regions in
order to provide coverage that would not be possible without
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Hamburg

Armenia

multiple SSRs. Coverage can also be tailored to accommodate
the operational requirement rather than being restricted to the
technical limitations of the radio horizon.
7. SSR replacement
ANSPs are continually faced with the challenge represented by
their inventory of aging SSR equipment. A WAM solution is an
extremely viable alternative to SSRs that are either obsolete or
becoming too expensive to maintain. Capital cost is lower and
cost to operate is lower. Studies have shown that under some
circumstances the through life cost of maintaining a radar
network makes it economical to replace it with WAM even
before the end of its useful life.
6. Coverage gap filling
Most FIRs will have areas of concern that are not fully covered
by surveillance technology. WAM solutions provide a costeffective method of providing accurate coverage in those areas.
This is particularly true of low-level requirements. Regional
airports are particularly interested in this type of coverage rather
than buying feeds from remotely located SSR that do not cover
to the ground. Offshore drilling platforms are another example
where a low-level coverage requirement can be met flexibly by
WAM to enable safe control of helicopter traffic.
5. Inexpensive to acquire and operate
WAM systems have been shown to be extremely inexpensive to
acquire, deploy and maintain. They are rugged, reliable and
perform better than an equivalent SSR covering the same area. It
has been postulated by SSR supporters that the added cost of
infrastructure to deploy any multilateration-based surveillance
system defeated the initial savings provided by such systems.
This point of view has long been discredited by empirical data
from successful deployments. The ubiquitous availability of cell
phone towers and data communications is but one reason why
infrastructure costs are so reasonable. Communications
bandwidth is increasing and cost of data transfer is dropping
rapidly, making communications infrastructure considerations
relatively insignificant.
4. ADS-B integrity checking
It is now widely accepted that even with full aircraft ADS-B
equipage and certification there is a need to validate the data
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being presented by ADS-B transponders to prevent such things
as spoofing (the fraudulent representation of an aircraft position)
and the identification of individual aircraft positioning errors –
e.g. due to maintenance or source integrity issues. The
deployment of an ADS-B capable WAM system provides the
validation of reported ADS-B positions.
3. ADS-B augmentation
It is important to consider the current state of the world aircraft
fleet with respect to equipage of ADS-B capable transponders. In
Europe the current planned mandate for retrofit of ADS-B out to
larger civil aircraft is December 2017. If the history of equipage
mandates is considered, this date is likely to slip and there are
likely to be many exemptions. There are many regions with no
planned ADS-B mandates and therefore ADS-B equipage remains
an issue. WAM is an ideal solution for those regions to maintain
full coverage while they consider their ADS-B strategies. Once
that has been determined, that same WAM equipment will
remain in place and provide the ADS-B service at no additional
cost.
2. You are not alone
There are an increasing number of WAM deployments around
the globe. These deployments are a tacit recognition of WAM as
a viable surveillance alternative as well as an accepted path
towards full country, region or special area coverage. Recent
examples in Namibia, the Czech Republic and the North Sea,
and upcoming ones in Norwegian and Brazilian oil fields, are a
testament to WAM’s flexibility, expandability and accuracy.
1. Buy one get one free
Perhaps the single most important benefit of considering a WAM
solution for en route or approach surveillance is the fact that
today’s WAM systems are ADS-B capable. By deploying a WAM
system you will immediately receive the benefits of increased
coverage, full surveillance, better airspace use and lower
operating costs. As ADS-B equipped aircraft begin pass through
your airspace and become more prevalent, your system will start
to provide ADS-B reports automatically at no extra cost.
Taking all the above points into consideration it is hard to
ignore the benefits that WAM will bring to those of you
considering or currently planning ADS-B surveillance options. v
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Improve availability, ease
maintenance
Control room operators are exposed to permanent stress. Monitoring air traffic processes
requires the best tools to guarantee human safety and prevent failure
Annette Habel, Guntermann & Drunck
Failures in ATC have the potential to cause a complete
breakdown within minutes of an emergency occurring.
For carrying out these responsible control tasks, ATCOs
work with highly professional computers. But each computer
requires a keyboard, monitor and mouse, thus limiting space
and generating noise, heat, clutter, dust, and health and
technical issues.
People in charge increase the efficiency of employees with
KVM technology while maintaining the effectiveness of
computers to streamline ATC processes.
Originally KVM described a technology for extending and
switching a computer’s keyboard, video and mouse signals.
Nowadays KVM also switches and extends multiple signals to
keyboard, video and mouse, such as DVI dual-link up to 4k
resolution, single-link DVI and analogue video, bidirectional
audio as well as transparent USB. Compared with network
operation, KVM products establish a 1:1 relationship and not a
data connection to the computers.
Even if all this sounds similar to a network, KVM operation
works completely differently. In comparison with network,
running KVM establishes a point-to-point connection. This
means that KVM does not need any additional software, thus
running independently from the operating systems and
programs in use. It accesses only the computer’s standard
interfaces and enables access down to the BIOS level. There’s no
heavy data load or latency within the network when using KVM.
Hands-on KVM extenders
KVM extenders separate computers and users. They are not only

Immediate benefits of KVM technology
Space

Fewer peripherals such as keyboard, monitor and
mouse devices at the desk

Safety and security

Valuable computers kept cool, safe and access
protected in central engineering rooms

Technology

No software installation required
Use of computer’s standard interfaces; even
on different operating systems
Use of infrastructural cables
Easy access for maintenance staff

Economy

Less downtime
Increased computer efficiency
Reduced acquisition costs
Savings on primary and secondary energy
Reduced IT TCO

Human resources

Better ergonomics and improved job satisfaction
Free working space, for more staff in the same
area

small but also easy to install. The plug-and-play devices carry
out the initial setup immediately and automatically. Thanks to
their use of existing wiring, such as CAT or fibre-optic cable, the
multi-platform extenders can be easily implemented.
A KVM extender comprises a transmitter and a receiver. It
bridges the distance between computer and controller up to
10,000m depending on the extender in use. The computer can
now be stored in a safe and environmentally controlled room,

Left to right: KVM extenders separate computer and user; KVM switches operate multiple computers and platforms with only one keyboard, video and mouse; KVM matrix switches combine the
functionalities of extender and switch in one multiuser system
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Moving computers from the ATCO’s workplace into separate engineering room

Overseeing several computers from one monitor, keyboard and mouse set

where all external computer interfaces are connected to a KVM
transmitter. The transmitter in the engineering room accesses the
source computer’s external interfaces and transmits them to the
receiver located in the control area. Here the user connects
keyboard, monitor and mouse and operates the remote
computer in real time without even realising the distance.
The systems allow one local and one remote user to access the
computer. That is a particular advantage for maintaining the
computers as the IT staff can access computers in the plant room
without disturbing the ATCOs.
At the remote user station you can connect all peripheral
hardware to the KVM receiver simply via plug and play –
keyboard, single or multiple monitors, mouse, all sorts of USB
devices and various serial devices. The plug-and-play devices
carry out the initial setup immediately and automatically.
Transmitter and receiver can be linked over infrastructural
cables – either standard CAT cables (limit 300m) or single- or
multi-mode fibre-optic cables (limit 10,000m).

some KVM extenders. If video information is lost due to an
interruption of the transmission line or a breakdown of the
graphics adaptor in the computer, this function captures and
‘freezes’ the last available video information. The ATCO,
however, is still able to view information about the last status of
the sector until the system is up and running again or a fallback
system is activated.
Wherever there is no margin for error there are highly
developed extenders for mission-critical applications. The
possibility of connecting KVM devices to the network broadens
the scope of safety features such as monitoring and event
reporting functions.

Freeze when it gets hot
New and unique to the market is the ‘screen freeze’ function in

Separation of computers from the ATCO’s workplace by using a combination of KVM
switch and extender system

Switches operate multiple computers
Handling several computers at the same time can be challenging
in means of overview and usability. Work gets even harder if
different types of computer platforms are in use, which is where
a KVM switch comes into play. The standalone device enables a
user to access a pool of computers – even with different
platforms – over one keyboard, video (display) and mouse. As is
standard in KVM technology, a switch works without additional
software installations since it only accesses the external
computer interfaces.
This solution is not only beneficial to ergonomics but also
facilitates the work of the controller, because all computers can
now be operated with one set of input devices. The free working
space enables more staff to work in the same space.
Economically speaking the solution reduces acquisition costs
and IT TCO and saves primary as well as secondary energy
while increasing the computer’s efficiency. KVM switches access
between two and eight computers, cascaded up to several
hundreds. Each computer can be accessed via a keyboard
hotkey, on-screen display (OSD), push button or external
device.
KVM devices adapt to incoming video signals including DVI
dual-link (2560x1600 resolution at 60Hz), single-link
(1920x1200 at 60Hz) or VGA (1920x1440 at 75Hz). Some
variants also provide audio and microphone features. Nowadays
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CATCenter NEO for VGA video

VGA video is successively replaced by DVI. For this period of
time high-end KVM switches support both VGA and DVI. If the
controller needs to view the images of all monitors at the same
time, a keyboard/mouse switch comes in handy. This switch just
stores keyboard and mouse signals while all monitors are
directly connected to the computers.
KVM matrix
All benefits of using extenders and switches are combined in one
device – the KVM matrix switch. This system extends and
switches computer signals at the same time. As video is the most
obvious signal, Guntermann & Drunck offer two classifications
of matrix switches: DVICenter for DVI and CATCenter NEO for
VGA video.
Both permit multiple users, each equipped with keyboard,
mouse and display, to simultaneously access a series of
computers, even using different platforms. In addition to
keyboard, monitor and mouse, they also switch audio. The
devices are configured over a web interface or on-screen display,
which is operated using a menu or keyboard hotkeys. Despite
the distance between computers and consoles, users are still able
to enjoy high-quality video.
Preventive functions for all KVM areas
Imagine the following scenario. A controller uses a workstation
consisting of two active and two redundant computers. Glitches
are always possible. All of a sudden the main system fails –
there’s an emergency. The controller quickly switches over to the
redundant system. But guess what? All he has in front of him is a

DVICenter

CATCenter NEO

Video format

DVI single-link

VGA

Resolution

1920x1200 at 60Hz

1920x1440 at 75Hz

Standard extension
range

560m

300m

Max. extension range

10,000m

10,000m

Max. no. of computers 1,372

1,024

Max. no. of consoles

128

64
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blank screen. The redundant system has broken down without
anyone noticing.
Now let’s skip the last stage. The first system breaks down.
The controller switches to the redundant system, which is ready
and takes over within a second. Vital control functions are not
interrupted at any time. Guntermann & Drunck develops
products for preventing exactly such problems, with monitoring
functions that ensure safe and stable operation by keeping track
of the hardware – even if it is not used.
In such a scenario all four computers are connected to a KVM
switch. The controller can use a push-button or a key
combination to switch between computers. The switch monitors
the external interfaces of all active and redundant computers
and thereby detects potential malfunctions. Device statuses are
reported and displayed in a well-organised, SSL-encrypted web
interface.
The KVM switch constantly monitors the following:
• Main and redundant power of computer and switch;
• Connection of keyboard/mouse at console and computer port;
• Video transmission;
• USB connection;
• Display connection;
• Network connection;
• Switch temperature and much more.
Any value exceeding a pre-defined limit is highlighted in red.
Whether the failure occurs on an active or redundant computer,
a message immediately informs the user about the problem. A
blinking note under the main view additionally provides an alert
and clicking it causes a list of deviating values to appear in a
separate window.
Some messages require immediate action by IT support staff
and, wherever necessary, a ‘critical devices’ folder lists all devices
with critical operating values. If the IT engineer considers the
values uncritical, all peculiar values can be marked as read and
the message is no longer displayed in the status bar.
In addition to the display on the web interface, Syslog
messages report all system activities and forward relevant
information according to predefined levels to the technician in
charge. Two Syslog servers can be used for the log function. If
the device detects severe failures, the detected data is
transmitted to the Network Management System using SNMP. IT
technicians are therefore immediately alerted to any occurrence.
Since power cuts tend to be the most common source of
failure, all products are equipped with a redundant internal
power supply. In case one power circuit in the building fails, the
second internal power supply automatically takes over. LEDs
indicate that the device is ready for operation, the active
computer, and the status of both main and redundant power
supply.
KVM benefits and beyond
The huge variety of KVM products shares one important aspect:
the devices are easy to install and can be operated immediately.
The components of high-quality KVM extenders can be
assembled individually and are specially tailored to the user’s
requirements without any extra costs.
In addition to their comprehensive hardware, KVM products
offer numerous features such as extensive user rights, network
access, authentication, preventive monitoring and event
reporting that improve both operation and safety yet still comply
with any internal IT policies. Guntermann & Drunck has been
at the forefront of signal extension and signal switching since the
mid-1980s, even before the acronym KVM was coined.v
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Well grounded
Use of ground-check vehicles for ILS maintenance and checking
Davide Tangorra and Riccardo Andreoli, ENAV/Techno Sky

Figure 1: ILS functioning principles

In severe weather conditions an instrument landing
system (ILS) can be a pilot’s best friend. Providing
precision guidance to an aircraft approaching and
landing on a runway, these ground-based systems enable the
pilot to safely navigate the aircraft through low ceilings of rain,
dense fog and snow, and land safely.
The descent trajectory (glide path) towards the touchdown
point is identified by the intersection of two planes:
• A vertical plane containing the runway centreline, also referred
to as localiser plane;
• A sloping plane with an angle of approximately 3° above
horizontal.
Lateral guidance is provided by a VHF transmitter (localiser)
normally installed beyond the departure end of the runway,
while vertical guidance is given by a UHF transmitter (glide
slope). The distance from the runway can be determined by

Table 1
CAT

RVR

DH

CAT I

RVR ≥ 550m

DH ≥ 60m

CAT II

RVR ≥ 350m

30 < DH < 60m

CAT III A

RVR ≥ 200m

0 < DH < 30m

CAT III B

50 < RVR < 200m

0 < DH < 15m

CAT III C

RVR = 0

DH = 0
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distance measuring equipment (DME) co-located with the ILS
and/or, in many installations, using marker beacons. Figure 1
describes the functioning principles of an ILS.
ILS approaches are categorised depending on the decision
height (DH), which represents the height at which a missed
approach must be initiated if the pilot fails to achieve adequate
visual reference to the landing environment and the minimum
visibility values (runway visual range – RVR) below which the
approach can be conducted exclusively through onboard
instruments. Table 1 indicates such categories.
The extreme importance of such a navigation aid makes it
fundamental that its correct calibration and functioning is
controlled constantly and for this reason ICAO in Annex 10 and
DOC 8071 requires mandatory controls on ILS installations.
Periodical checks, independently from the category of the
system, are generally conducted by specially equipped flight
inspection aircraft. For the CAT III, however, DOC 8071
prescribes a periodic check of the course alignment along the
runway centre line that hardly could be performed with an
aircraft.
Figure 2 clarifies the concept. In CAT III the course alignment
along the runway centre line must be monitored and checked,
for ILS Zone 4 from Point T (threshold) to Point D at an height
of around 3.65m and for ILS Zone 5 from Point D to Point E
also at an height of 3.65m. The aircraft cannot perform this
check since its receiving antenna would have to be at an average
height from the ground of less than 4m.
This is why ICAO DOC 8071 recommends, for all CAT III ILS
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Figure 2: ILS zones and points

systems, the use of a vehicle equipped like a flight inspection
aircraft to check the structure, along the runway centre line of
the signal transmitted by the localiser.
Ground-check vehicle
How should such a vehicle be conceived? Figure 3 shows the
data-acquisition system architecture.
In detail we find:
• An ILS/VOR subsystem consisting of an ILS/VOR receiver and
corresponding antenna mounted on top of a telescopic mast;
• A data reception, display and handling subsystem consisting of
a laser unit for the measurement of the height of the ILS/VOR
antenna, a unit for the measurement of vehicle speed and distance
covered, an RS-232 serial interface for the reception of ILS/VORreceiver data, and a data processing and printing system.
In addition the vehicle should be equipped with:

• A VHF/UHF communications subsystem for voice contact
with other operators and the control tower;
• An adequate and comfortable space to host the operator
console and equipment rack;
• A power-generation and distribution subsystem;
• A lifting system for the telescopic mast and a stabilising
system;
The use of a ground-check vehicle offers several major
advantages. In the first place it enables the replacement of flight
inspection aircraft for routine controls of ILS stability structure
measuring, controlling and recording the structure of the course
of the localiser, as prescribed by ICAO, performing the activities
quickly, with minimum adverse effects on air traffic.
Furthermore the operator is protected in a comfortable
environment and can undertake checks in any weather
conditions.

ICAO DOC 8071 recommends, for all CAT
III ILS systems, the use of a vehicle
equipped like a flight inspection aircraft
AIR TRAFFIC TECHNOLOGY INTERNATIONAL 2012
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Figure 3: Standard ground-check vehicle system architecture

Figure 4: Glide path control

But the most interesting feature is that with a properly
engineered vehicle it is possible to measure, control and record
the glide path angle thanks to the installation on the vehicle of a
telescopic mast and stabilisers designed to lift the receiving
antenna to a height of at least 20m from the ground.
Such measurement is to be made at ILS Reference Datum
Point located above the intersection of the runway centre line
and the threshold, and through which the downward extended
straight portion of the ILS glide path passes. With a glide path
angle of 3° the ILS Reference Datum Point is about 17m from
the ground in correspondence with the threshold. Figure 4
outlines the control of the glide path with a ground-check
vehicle.
These characteristics make the ground-check vehicle a very
useful tool, not only to perform the mandatory checks
recommended for CAT III ILS, but also for the ordinary
maintenance of any ILS system. Moreover, in consideration of
the fact that the installed receiver is an ILS/VOR receiver, the
ground-check vehicle is suitable also for measurement, control
and recording of VOR basic parameters (bearing, Mod. 30 Hz,
Mod. 9960 Hz, etc) through the same equipment (antenna ILS/
VOR, receiver ILS/VOR) used for the ILS check.
With further minor adjustments and adaptations, and with
appropriate antennas and receivers, the vehicle could also be
used to measure, control and record DME basic parameters, to

perform field strength measurement for determining irradiation
diagrams of special antennas, to perform periodical checks of
the MLS installations and to search for interference sources.

Figure 5: Screenshot of the measurements of the localiser (shown in black) and ICAO’s
limits (in red)
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V2ILMA – Vehicle for VOR and ILS Maintenance
To comply with ICAO’s standards and to increase the efficiency
and safety of its navaids, ENAV, the Italian air navigation services
company, regularly uses the ground-check vehicle designed and
manufactured by Techno Sky for ILS and VOR maintenance.
Thanks to the integration of the latest generation hardware
and software instrumentation, the Vehicle for VOR and ILS
Maintenance is able to analyse the electromagnetic field
generated by ILS and VOR systems through both static and inmovement inspections.
V2ILMA has been recently reengineered, bringing the operator
console, previously in the rear compartment, into the front
cabin, thereby enabling the driver to perform autonomously and
quickly the necessary measurements through a customised
touchscreen. Techno Sky carries out ILS/VOR maintenance and
operations at Rome Fiumicino, Milan Linate and Malpensa,
Turin, Bologna, Venice, Bergamo Brescia and Verona airports.
The experience acquired over the years has made it possible to
conceive and design the new mobile station V2ILMA, which has
obtained CE certification, hence bringing technological
innovation to ILS/VOR maintenance. v

Figure 6: Screenshot of the runway settings at Perugia Airport
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Why ATC video recording?
X protocol has been used to record controller workstations for many years, but the system
has its limitations. Advances in technology have now brought us something much better
Brian Barrelle and Timothy Miller, Tech Source Inc. (an EIZO Group Company)

ATC environments often require that the data viewed by
controllers be captured for later replay and analysis.
This requirement is primarily generated by the need to
perform failure analysis in the event of an accident. This
captured data is also very useful for training and simulation
scenarios. Recordings often include the controller’s computer
screen, any associated audio transmission, keyboard and mouse
events and any other incoming data.
For many years, a software solution known as X protocolbased recording has been one of the primary methods of
recording a controller’s screen and has often been combined
with other types of recordings such as audio and radar. This way,
the entire scenario can be recreated at a later time. X protocol
recording solutions became standard because they were the only
solutions that could capture what the controller saw. Pixel-based
video recording technology was not mature enough to capture
2K x 2K resolution, at even very low refresh rates. However with
advances in technology over the past few years, the market now
has access to hardware pixel-based solutions that offer lossless
screen recording technology that can also incorporate
synchronised audio. The recordings created by these new pixelbased solutions offer better reliability along with much more
portability and flexibility in terms of where the files can be
played back.
To understand the advantages of newer pixel-based recording
solutions, it is necessary to contrast how hardware pixel-based
and X protocol recording solutions capture video data. The two
methods are radically different. X protocol recording requires
software to be installed on the controller workstation and only

ATC video recording and streaming
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records internal data communication. On the other hand a
pixel-based solution is simply inserted between the controller
workstation and monitor in order to record raw video signals. In
the following section an overview of X protocol recording will be
provided, followed by an overview of one hardware-based
approach that is used in a lossless video recorder known as the
Re/Vue. Of particular importance are the differences in system
requirements between the two solutions as well as the impact
they have on the controller’s workstation. These system
requirements influence the ease or difficulty of integrating each
solution into an existing environment and they also dictate
where the recorded files can be replayed.
X protocol recording
X protocol is a data-stream orientated language that applications
(X clients) and the graphics display system (X server) use to
communicate with each other, and because it is a data stream it
is relatively easy to snoop, analyse and record. An X protocol
recording system monitors protocol traffic between clients and
the server and converts it into a form that can be replayed later.
During replay, drawing requests from clients are recreated in
order to simulate their original appearance and activity.
In normal operation the X server maintains a great deal of
information pertaining to each client’s current graphics state.
This includes not just currently displayed video, but also offscreen images (pixmaps), cached drawing attributes (graphics
contexts) and many other things. In order to begin recording at
an arbitrary time it is necessary to take a snapshot of this state,
and doing so can be very resource intensive in terms of
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processing overhead, impact on client performance and data
storage. One snapshot is taken when recording is started and
thereafter at regular intervals, typically several minutes.
Snapshots are then used to recreate the whole X server state
when starting playback, and the interval between snapshots
determines the granularity for fast forward and rewind
functions. Because of the overhead and expense of taking a
snapshot, this granularity is typically made very coarse.
It is important to understand that X protocol-based recording
requires special software and licenses to be installed on the
controller’s workstation. This is rather intrusive since it not only
requires modifying the controller workstation but also means
this recording software will be sharing system resources with the
standard software that typically runs on a controller’s
workstation. It is also important to note that since the recording
software and license must be installed on the controller
workstation it is necessary to conform to the specifications of the
workstation such as OS version, 32-bit or 64-bit, etc. Any future
upgrades to the operating system will likely incur additional
maintenance fees or software upgrades.
The X protocol that is recorded is very specific to the
configuration of the X server during the recording. As a result it
is necessary that the playback machine be essentially identical to
the recorded workstation. This prevents the recordings from
easily being shared between groups and from being played back
on different platforms. For instance a controller workstation
typically runs a legacy Unix operating system such as Sun Solaris
and drives a 2K x 2K resolution screen. An identical controller
workstation would be required to play back a recording. An
analyst using a Windows-based system with a 1920x1200
resolution monitor would simply not be able to play the files.
Finally, advanced features such as zooming and panning are not
traditionally supported in these types of recordings and this
limits the types of analysis that can be performed.

Re/Vue overview
The Eizo Re/Vue Digital Video Recorder System is a real-time
lossless recording system that is designed to record Digital Visual
Interface (DVI) signals. Attaching a Re/Vue to a controller
workstation simply requires that you attach the DVI cable
coming from the controller workstation to the Re/Vue and then
attach a second DVI cable from the Re/Vue to the controller’s
LCD. There is no need to install software on the controller’s
workstation, which means the recording process does not
require any of that workstation’s CPU, memory or hard drive
resources and therefore has no impact on the controller
workstation at all. Instead the Re/Vue is a complete recording
solution capable of recording DVI-based video in addition to any
associated audio while offering web-based management, high
compression rates and multiple storage options. The Re/Vue
System includes all necessary hardware and software for an
integrated solution.
Recorded video frames consist of I-Frames and P-Frames. An
I-Frame is an intra-coded frame that makes no reference to any
previous frames; a P-Frame is a predictive coded frame that
encodes the frame difference. An I-Frame is analogous to a
snapshot for an X protocol recording but offers much finer
granularity. I-Frames represent frames that can be advanced to
or rewound like a track on a CD. The Re/Vue allows the user to
control the frequency of I-Frames and therefore the granularity
by which fast forward and rewind controls navigate through a
file during playback. In addition the user can then control their
file duration (length/size) by defining how many I-Frames are
wanted per file. All these settings are configured using a web
server-based interface and the result is a lossless video recording
that offers the same video quality that the controller originally
saw on the screen.
The Re/Vue system has many benefits over X protocol-based
recording. One of the greatest is that it is a self-contained

The Re/Vue is a complete recording
solution capable of recording DVI-based
video in addition to any associated audio
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recording system, so the controller workstation can be based on
any architecture running any OS while using any manufacturer’s
graphics card. The only requirement is that the video source
must be DVI. Upgrades to the controller workstation’s operating
system or other system patches will have no impact on this type
of recording solution.
The Re/Vue uses a proprietary lossless file format (called PCF)
and therefore does not use AVI, MPEG or any other lossless file
format. Currently playback utilities are available for Linux as
well as Windows. In addition a utility is available to convert the
lossless file format to a standard format such as AVI.
The Linux and Windows Playback applications provided by
Eizo can be installed on as many machines as the customer
requires without any licence restrictions. This provides
customers with maximum portability for playback. A customer
can install either the Windows or Linux utility at all necessary
sites, or can convert the recordings to a portable format such as
AVI if they do not require lossless playback. Unlike X protocol
recordings, Re/Vue recordings can be played back on any system
at any resolution and offer advanced features such as zooming
and panning.
Head-to-head comparison
X protocol-based recording has existed for quite some time and
has served the market well. However it has many limitations that
can only be solved by using a pixel-based solution. The outline
below offers a comparison of major points of consideration
when deploying such recording technology.
• Intrusiveness of the recorder. The X protocol recording
software must be installed along with a software license on each
controller workstation that must be recorded. This is quite
intrusive to the controller workstation. Also this software uses
system resources (processor, memory, storage) and can
sometimes introduce additional CPU load that may occasionally
impact actual ATC application performance. The Re/Vue is a
completely self-contained recorder that does not require
software to be installed on the host workstation but does offer
the application developer the ability to control the Re/Vue via
API calls from their application.
• Portability of Recorded files. The Re/Vue has a major advantage
in this area since players are available for different platforms
(currently Windows and Linux). Playback can be run on any
machine – not only the machine that it was recorded on. The
Re/Vue files can also be converted to AVI or other similar
formats using a converter utility provided by Eizo. X protocol
recordings, on the other hand, require playback of files to take
place on a machine that has the exact configuration as the one
the file was recorded on. This limits sharing of data between
different groups.
• Recording of Extensions. X protocol has always been limited
when recording extensions. Examples are Multiple Overlay
Extension (MOX) as well as OpenGL. This is because these
extensions often bypass (eg. Direct Graphics Access in OpenGL)
or greatly extend X protocol capabilities (MOX). The solution
for such environments is to use the Re/Vue system since it
records all pixels exactly how they are sent over the video cable
to the LCD.
• Support for Live Video Streaming. Both recording solutions
enable you to remotely display live data on another screen over
TCP/IP (unicast). X protocol, however, is limited to a single
remote display, while the Re/Vue can support both unicast and
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Re/Vue offers administrators centralised control of one or more Re/Vue systems via a
password-protected web browser

multicast connections. The multicast support is very useful in a
training environment where a single transmission can be
displayed on a number of student workstations.
• Precision. Re/Vue presents pixel-perfect playback of exactly
what the controller originally saw, frame-by-frame. By contrast X
protocol-based playback is a simulation of the original events.
As a result the timing of when objects appear on the screen is
imprecise. This makes effective frame rate variable and can break
simultaneity. That is, given two objects in time and space, when
they appear relative to each other may be changed by X protocol
based playback. This is not the case for Re/Vue.
Conclusion
For many years X protocol-based recording offered the market a
reliable software method for recording a controller’s screen.
Customers were willing to accept the intrusiveness of the
installation and the file portability limitations because of the lack
of an alternative solution. However X protocol recording is not
the same viable solution it once was, due to the growing
acceptance of OpenGL and other new technologies on the
market that are difficult to record using this approach.
Fortunately the timing of the Re/Vue hardware recording
solution could not have been better. It solves the problem of
recording OpenGL and other extensions, provides the ability to
record other platforms besides those that use X, and eliminates
the file portability limitation. In addition it is far less intrusive to
integrate and can easily be incorporated into any existing DVI
based system while synchronising any associated audio into the
recording. Even the long-term storage of files becomes less of a
strain, thanks to the highly tailored encoding and compression
algorithm that boasts the highest compression on the market
while being completely lossless. All these factors truly make the
Re/Vue the perfect recorder for present and future ATC needs. v

Are you serious about this?
From ICAO ANNEX 11 to the Convention on International
Civil Aviation, Amendment 44 (23/11/2006):
3.3.3 Recommendation.ó
Air trafﬁc control units should be equipped with devices that record
background communication and the aural environment at air
trafﬁc controller work stations, capable of retaining the information
recorded during at least the last twenty-four hours of operation.

• Compatible with all legal recording systems on the market
• Active audio signal processing for supreme voice
•
•
•
•
•

intelligibility and recognition
Distributed topology with local and remote access
Password processed access
BITE continuous system’s self-testing in the background
Error messages and alarms with log
SNMP agent

photo © Eurocontrol

Note.— Provisions related to the non-disclosure of recordings and
transcripts of recordings from air trafﬁc control units are contained
in Annex 13, 5.12.

We at Ambicon are. Therefore we have developed
complete Ambient Sound Monitoring and Control
system with World Class performance and
operational features:

Do you wish to learn more?
Please visit our web page www.ambiconsystems.com and take contact with us.

Ambient sound recording done right
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Bright
ideas
The specification and selection of an LCD
display monitor for a tower must include
consideration of the wide range of
dynamic ambient lighting conditions
combined with high-reliability features and
longevity requirements for ATC
John Trueblood, Aydin Displays
An ATC tower environment is very difficult for display
legibility, due to the extreme range of ambient light. In
fact various specifications from international tenders
and requests for proposals have indicated that impinging
daytime illumination through the many windows of a tower
control room can be as high as 5000-6500 foot candles.
Conversely night-time illumination is controlled by room
lighting and can be quite dim. The challenge is to find a display
that has good viewability and wide range dimming capability
through the full range of day and night ambient illumination,
and also have the reliability, features and longevity required for
full life service.
Sunlight readability
There are two primary methods by which sunlight readability
can be achieved on a display. The obvious method is to simply
increase the brightness or luminance of the display. However the
problem with this method is that it is very difficult to compete
with the brightness of the sun. This also means greater power
consumption and greater heat, as well as greatly reducing the life
of the display.
The other, far more desirable, approach involves filtering,
diffusing, and dissipating the light of the sun, rather than trying
to compete with its brightness. The focus of this approach is to
increase the contrast under high ambient lighting conditions,
rather than increasing luminance. This method has many
advantages, which include reduced power, lower heat and
greater reliability.
The brightness of ambient light that shines on an object is
referred to as illuminance, commonly measured in units of foot
candles (lumens per square foot) or units of lux (lumens per
square metre). The brightness of light emitting from an object is
luminance, measured in units of foot lamberts or, more
commonly, candela per square metre (cd/m2), also referred to as
‘nits’. The key point of illuminance in regard to displays is that
increasing the ambient light decreases the contrast of the display.
The apparent colours of the display all approach white as
illuminance increases.
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ATC tower control room

The ATC tower environment challenges display design in
terms of dimming range. The display must be easily visible in
the highest sunlight ambient environment, yet also able to dim
to very low brightness for night viewability. This accommodation
of low lighting as well as high sunlight ambience necessitates a
very wide dimming range on the display.
More important than the issue of brightness control is
readability of characters and recognition of symbols. There is a
pervasive myth that simply increasing the luminance of a display
will make it sunlight readable. Actually contrast is the dominant
attribute for readability. Contrast is the ratio of luminance
between two colours, foreground and background. For display
specifications, usually the contrast is reported as the luminance
of white divided by that of black.
Many studies have been conducted to verify the importance of
contrast over luminance in the legibility of displays. One such
published study, which specifically evaluated display
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for displays to have at least 600cd/m2 luminance. In reality,
using effective filtering, anti-reflection, and anti-glare techniques
on a bonded front panel glass, it is possible to achieve the
necessary contrast for sunlight readability with as low as 350cd/
m2 luminance. However requiring higher luminance helps
mitigate the problems of diminishing luminance as the
backlights age.
High ambient lighting conditions increase the problems of
reflections from the display surface. This necessitates effective
application of anti-reflective and anti-glare techniques. These
factors are critical to tower display sunlight readability.

requirements for the ATC tower environment, was conducted by
the FAA at the John A. Volpe National Transportation Systems
Center (http://www.hf.faa.gov/docs/508/docs/volpe/volpe_9952.
pdf). Among many findings and recommendations, the study
shows that ambient light in an ATC tower may reach up to 6500
foot candles. The study recommends a minimum contrast ratio
of 7:1 to 8:1 for critical information, such as data blocks and
track symbols, while 3:1 is sufficient for non-critical data, such
as maps and range rings. The study especially emphasizes the
importance of testing the contrast under operational ambient
lighting conditions.
With this in mind, when selecting a sunlight readable display
for use in an ATC tower, it is very important that the
specification of the display includes contrast measured at high
ambient light. For example the contrast spec may read ‘Contrast
ratio: 450:1, minimum 10:1 at 6000 foot candle ambient’.
Quite often one sees an ATC tower system specification call

ATC relevant display features
Until recently brightness adjustment of displays in an ATC tower
was not considered a major issue. With CRT technology, every
display had a simple knob on the front marked ‘brightness’.
Controlling brightness manually was very simple and intuitive.
However with the advent of digital display technology and
LCD, having an internal processor control monitor function has
become common. Normally there is an on-screen display (OSD)
one must navigate with arrow buttons to select the various
parameters to adjust. Unfortunately many manufacturers of
displays have neglected to also include a simple brightness
control on the front panel that remains intuitive to the operator.
The problem in an ATC environment is that the focus of the
controller should be on controlling air traffic, not on navigating
an OSD to change screen brightness.
In concept, automatic brightness adjustment from measured
ambient light seems like a clever and useful idea. However one
must carefully consider the ramifications of this approach. What
is attractive is that there are many displays in an ATC tower, all
of which must have brightness adjustment performed quite
often depending on the ambient light condition through the
many outside windows. Additionally there are many brightness
adjustments necessary during the onset of night. In a perfect
world, automatic adjustment of brightness would be ideal,
providing that this function does not fail and is accurate
according to what the human eye perceives.
The foremost potential problems to this approach are the
calibration and possibility of failure of the ambient light sensor
control circuitry. Automatic brightness adjustment of any kind
introduces a point of failure on a fundamental operation of the
display directly affecting viewability. This introduces a possible
failure directly attached to the brightness control of the display.
What will be the luminance of the display if the ambient light
sensor fails or becomes out of calibration? How often is this
feature calibrated once installed in the field? How accurately
does the sensor predict what the human eye sees? What will be
the brightness of the display if the sensor is subjected to either a
sharp shadow or bright light that does not extend across the
display surface?
It is direct and intuitive if one has trouble viewing the image
on a display to simply turn a brightness knob to obtain
optimum viewing for that person. In this approach there is no
added failure mechanism, no calibration and no additional
testing of operation. This has been the accepted method for
many years of safe ATC tower operation.
Reliability and longevity considerations
LCD display technology relies entirely on constant wide
spectrum light supplied behind the LCD pixel cells, which act as
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filters in producing an image on the screen. In essence the LCD
controls which colours and how much intensity is allowed to
pass through each pixel cell to the viewable surface to create the
image. The most critical circuitry for image visibility in an LCD
display is the backlight system and driver board that powers the
backlight. If this circuit fails, no image is visible on the screen.
Therefore, for ATC specific applications, some LCD displays are
designed with redundant backlights. This consists of two
separate sets of backlights that are physically interleaved. The
two backlight sets are individually controlled by separate driver
circuits that work together in tandem. This way, if one backlight
system fails, the other one continues to operate, and the image
on the display remains visible, but with a 50 percent reduction
in luminance. If the display is also designed to meet the contrast
requirements at 50 percent luminance, then even with a backlight
system failure the display is still safe for controlling air traffic.
Typically, for an LCD display backlight longevity is around
50,000 hours to half luminance. That is, after 50,000 hours of
use, the display maximum luminance is reduced to 50 percent,
and at this point the backlights should be replaced. This is true
of both CCFL and LED backlight technology. If the LCD design
relies on overdriving the backlights to help achieve sunlight
readability, then the lifespan is greatly diminished such that the
backlight longevity can be reduced as low as 20,000 hours to
half luminance. Therefore, especially for ATC applications where
long product life is a requirement, it is best for an LCD to use a
greater number of bulbs (for CCFL) or a greater number of LED
components (for LED backlights) to achieve increased
luminance.
Increasing the luminance of a display for sunlight readability
also increases the power consumption. This is one factor that
increases the importance of achieving sunlight readability
through contrast enhancement techniques to minimise the need
to increase backlight luminance. Of course greater power will
also increase the need for proper heat dissipation.
Brighter backlights generate greater heat. Heat in turn can
affect the luminance uniformity of the display, as well as
reducing the product life. Maintaining uniform internal heat
management through fans and convection are important
evaluation considerations for sunlight readable displays. It is
very important in a system level design for an ATC tower to
consider proper air flow and heat dissipation of all displays,
especially sunlight readable LCDs.
Conclusion
Selection of a display monitor for controlling air traffic in a
tower environment involves many important system
considerations. Viewability in a broad range of ambient lighting
conditions, features, reliability, maintenance and longevity of
product life comprise important criteria for qualifying candidate
displays. One must carefully consider the ramifications,
calibration, accuracy and potential of circuit failure of automatic
functions such as light sensor based brightness control. From a
reliability perspective, redundant backlights can reduce the
chance of catastrophic display failure. Clearly the most critical
factor of legibility for a tower display is the contrast ratio under
operational ambient lighting conditions, and is the most
important point to include in the specification. The key is to
make sure the clarity of the image and ease of operation of the
display enables the operator to concentrate fully on controlling
air traffic.
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Designed specifically for use in modern ATC environments
Fully compliant with all of the current ICAO standards
Hardware Recorder for Audio and ‘through-the-wall’ Radar
Screen Capture ‘at-the-glass’ Radar Recording
CCTV Recording
Ambient Recording
Central Management System for intuitive and extensive control and monitoring
Fully synchronised replay of Audio, Plot Extracted Radar, Controller Screens and CCTV
Audio recording without coding or compression enables a replay PESQ score of 4.3
Audio recording without VOX or AGC ensures that nothing is ever missed
Comprehensive replay software includes all features as standard with no optional modules
No hidden extras or costs, lower cost of ownership and longer in service life
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All clear?
Using geographic information systems to automate obstacle assessment production
Frédéric Fuso, STAC and Jonathan Weaver, CGx AERO in SYS
As the civil aviation technical centre of the French Civil
Aviation Authority (DGAC), the Service Technique de
l’Aviation Civile (STAC) provides its technical expertise
and support for airport and aeronautical matters for the whole
national territory. It is involved in the fields of airport
infrastructure and equipment, air navigation, environment, air
transport safety and transport security. Though attached to the
Air Transport Directorate of the French Ministry in charge of
transport, STAC also provides assistance to the Ministry for
Defence. Additionally STAC actively participates in the
consolidation of international standards of design and operations
for aerodromes.
For airports evolving in constrained environments, it is
sometimes difficult to grow due to the lack of room caused by
the increase in urbanisation. National laws exist to prevent this,
including those in France that set legal servitudes based on the
obstacle limitation surfaces complying with the long-term
masterplan of the airport and the area around the airport, and
the consequences of each on each other. Indeed, knowledge of
the final design of a runway (assuming today’s runway will have
to be extended later and/or new runways constructed) allows the
proper assessment of the obstacle limitation surfaces needed to
guarantee the safety of airplane operations in the future.
The French Civil Aviation Obstacle Assessment team is
consistently engaged with airport managers to collect the data
necessary to draw the obstacle limitation surfaces and finally
produce the legal servitude forms, also known as Plan de
Servitudes Aéronautiques (PSA, legal documents preventing the
growth of urbanisation around airports).
In 2007 a new ministerial decree on legal servitudes, related
to obstacle limitation surfaces for airports, boosted the request
for the update of legal servitude forms. The team then had
to face three major challenges. First, the data given by
airport operators would have to meet the same geographic
information system (GIS) standards and precision, similar
to the Airport GIS initiative implemented by the FAA in
the USA. Second, the decree affects many civil and military
platforms, so that many of the legal constraints would have
to be modified in a short time by producing up-to-date
servitude forms. Third, with the increase in public
inquiries and the need to display the graphic
representation of the obstacle limitation surfaces, the team
had to standardise the graphic chart of these documents in
order to ease their interpretation by the population.
STAC realised these three problems had to be solved
even if it meant changing work practices for everyone. So
the decision of setting up an invitation to tender, for the
creation of obstacle limitation surface production software,
was set up in December 2010. STAC selected and started a
partnership for the development of a software solution
with CGx AERO in SYS, which was awarded the contract based

on its experience in deploying aeronautical and GIS-based
solutions worldwide. This new solution draws the surfaces easily
and fast, identifies the obstacles that penetrate the surfaces and
shows the user different kinds of adaptations for the parts of the
surfaces impacted by obstacles.
GIS is no stranger to providing solutions to aeronautical
requirements, however we are now seeing GIS evolve into a
more pervasive solution for information management. As
increasing numbers of ANSPs reach for data-driven solutions,
they are calling on GIS to play a critical role in the management
of the aeronautical and geographical information. Not only is the
data management of the GIS data a key aspect of a data-driven
solution, so too is the dissemination of that information to the
right users at the right time. We are seeing more organisations
using GIS tools to deliver geographic content through the use of
web services. Web mapping applications in the aeronautical
domain are becoming the trend for organisations to provide
content and tools for users to interact with the aeronautical data
and tools.
With the requirements and challenges of information
management, both 2D and 3D, facing STAC, the decision was
made to use Esri’s ArcGIS 10 software framework to meet these
challenges head on. As an Esri Gold Level Partner, CGx AERO in
SYS was chosen to provide development services to STAC to
build a solution on ArcGIS that would enable STAC to assess
and analyse the obstacle limitation surfaces in a way that had
never been done before. Additionally the approach adopted by
STAC fits nicely within the vision of the DGAC in providing
information and services managed throughout the organisation,
using GIS in a data-driven architecture. The AIS Department

Automatic report and 3D view of surfaces and obstacles
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Creation of obstacle limitation surfaces

within the DGAC had already selected ArcGIS-based
cartography software (AIP-GIS Charting) developed by CGx
AERO in SYS to support its data-driven cartography
requirements. Having a standardised platform enables these
groups to share data more effectively with one another, and also
sets in place a platform to interoperate with its external users.
The solution developed by STAC and CGx AERO in SYS now
provides an automated and efficient way of performing tasks
that traditionally took weeks to perform. These tasks are now
completed in mere hours thanks to the automation of creating
the obstacle limitation surfaces as well as automatic generation
of the servitude charts.
Indeed the full process of obstacle limitation surface
production is broken down into four primary steps: designing
the obstacle limitation surfaces; creating/importing obstacle data;
performing penetration analysis of the obstacles and surfaces;
and reporting results of the analysis (and redesigned surfaces if
needed).
With the automation of the production process, obstacle
analysts can now focus on the skill-driven tasks of analysis and
reporting, rather than on the creation of the obstacle limitation
surfaces, which is sometimes labour intensive. This is now made
simple using an intuitive graphical user interface to input
runway coordinate information along with parameters that
control the precise construction of the surfaces. In automating
the construction of the surfaces, the analyst can now easily
change any of the parameters and quickly view the affects of
those changes on the surface creation.
Obstacles used for the penetration analysis can take on many
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different forms, from a single tower that can be represented as a
point, to a building structure that can be represented as
volumetric features. Regardless of how the obstacle is captured
or represented (point, line or polygon), the obstacle must be
checked against the obstacle limitation surface to determine if it
penetrates. If an obstacle penetrates the surface, the analyst must
then determine the appropriate action to take. Should the
structure be removed or lowered, or should the obstacle
limitation surface be adapted or modified? The surface will be
adapted only in rare circumstances, such as if the obstacle has
some historical or economic significance. Another example
where adaptation of the surface may be required is where terrain
penetrates an obstacle limitation surface (lowering the terrain is
not an option most likely exercised).
In cases where obstacles penetrate the surface and the surface
must be adapted as a result, a buffer must first be created around
the obstacle to satisfy safety margins and requirements before
adapting the surface. Creating the buffer around the obstacle is
once again made easy using GIS and the automated design tools
developed by this project.
Once the heavy analysis is completed for obstacle evaluation,
it is important to report the outcomes and results of the analysis
and convey that information in a way it can be easily
understood. Although the typical reporting mechanism is still
the official PSA produced by STAC, it is now able to provide
additional charts to ease the comprehension of the 3D
information being communicated. As the data being dealt with
is 3D in nature, being able to visualise that data in 3D as well is
an advantage that helps bring clarity and understanding to the
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analysis. While the obstacle and obstacle surface data are
important elements with the charts, it can be equally important
to fuse other datasets with obstacle data to build better
situational awareness of the surroundings of the airports.
With the shift in the tools being used for obstacle limitation
surface production, analysts need to undergo GIS training to use
the software effectively and in the same manner. Though many
organisations view this as a challenge, STAC viewed it as an
opportunity to invest in its employees and the way they do
business. Through training and on the job experience, obstacle
analysts are becoming more aware of the full data chain and
understand how the upstream data changes can impact
downstream results. This gives the analysts the ability to make
more accurate assessments based on the global picture and not
just on a subset of the information.
With all the initial requirements met through the project and
the development of this new application that has entered full
operational use, STAC and CGx AERO in SYS are now turning
their attention to the evolutionary enhancements and value
added functionality to enable its use across a wider audience and
make the application more broadly applicable to other ANSPs
and land/territory community councils.
One future development aims at enabling web services to
publish content, both data and analysis services, over the
internet/intranet to a thin-client web application. This approach
means that more users have access to the most current data and
can consume the data content in either thick- or thin-client

applications. Using a GIS server, the obstacle analysis conducted
through the obstacle limitation surface production software can
be served through web services no longer requiring its users to
have heavy client applications installed on their workstations.
Additionally the thin-client web environment will enable users
to consume other data relevant for their purpose with web
feature services or web mapping services.
To accomplish this, obstacle limitation surface production
software requires using a GIS server to build a web application
and/or portal for users to log into and conduct their analysis.
This approach offers several ways in which users may interact
with an online application from simply designing the obstacle
limitation surface all the way to generating reports from the
analysis conducted via the web.
Using GIS has become an effective way to manage and create
geographic and aeronautical data. STAC’s investment in GIS for
obstacle assessment is supporting this new trend to provide the
most timely and relevant information to its internal and external
users. As airports continue to grow in constrained environments
and as urbanisation encroaches more into their development,
the need to support the full evaluation and assessment of
obstacles in these environments also grows – moreover with the
constraint that the general public be informed through readable
and understandable PSAs. The French Civil Aviation Authority,
and more specifically STAC, has placed itself in a position to
meet this growing demand while increasing the efficiency and
the quality of the way they do business. ❖
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Flexible communication
for flexible airspace
What are the technical capabilities that communication services and ground radio stations
must provide to improve the efficiency and flexibility of today’s air traffic network?
Martin Rampl, Frequentis
Global air traffic (IFR movements) will nearly double
by 2030 and more throughput can only be
accomplished by increasing the flexibility and
efficiency of today’s air traffic network. Future airspace and
aircraft routeing must therefore become more flexible to
accommodate increasing air traffic and reduce the related
environmental impact. This flexibility is also of paramount
importance to the reduction of air traffic service costs. Such
savings are a critical goal of ANSPs as they respond to increasing
cost pressures.
Currently one of the main control elements in ATC is voice
communication. Although communication media for the control
element in air traffic services (ATS) will migrate from pure voice
communication to different datalinks in the coming decades,
voice communication will still remain the dominant means of
tactical communication between pilot and controller for the
coming 15 years or so.
In the current setup, splitting and combining sectors
(controller working positions) provides some limited flexibility
within an air traffic service unit (ATSU). However this becomes
difficult if sectors are moved from one ATSU to another.
Communication systems therefore need to support seamless
handover of responsibility between ATSUs. The main functional
requirements for the desired flexibility in communication
services are load sharing, day/night operation and contingency
operation:
Load sharing: Currently each ATSU must hold enough
communication resources for the maximum possible air traffic
within its area of responsibility. Load sharing allows sectors to be
distributed across several ATSUs, based on current local loads.
This automatically leads to more flexible use of communication
resources. The maximum configuration for the communication
systems can be calculated for a group of ATSUs, so each
individual ATSU no longer has to provide the required
maximum load resources for its area of responsibility (except for
contingency operation scenarios). The benefit is overall cost
reduction without decreasing the service level.
Day/night operation: Each ATSU has to provide air traffic
services on a 24/7 basis. During low-traffic periods (e.g. during
the night) it would be possible to consolidate operations into
one or two ATSUs. This would allow ATSUs to close (or at least
scale down to a minimum operational level) during the night,
leading to more efficient use of the required human and system
resources.
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Parallel access to frequencies from multiple ATSUs

Contingency operation: International regulations require a
contingency concept for the main air traffic services at each
ATSU. Currently contingency is mainly handled for each ATSU
separately: only a few concepts are based on contingency plans
involving different ATSUs. Flexible communication services
would allow implementation of a regional or even international
contingency concept instead of just local configurations. The
benefit is that an ATSU no longer has to itself provide
contingency resources for all its services. If each ATSU provides
just a little bit of extra contingency capacity, then the overall
system can achieve the same level of safety/contingency at a
much lower cost.
From a communication perspective, the main feature groups
required to achieve these cost benefits are sector/role delegation
between ATSUs, parallel access to frequencies from multiple
ATSUs, as well as radio and phone routeing via the inter-ATSU
network:
Sector/role delegation between ATSUs (network-wide role
management): Since several ANSP organisations could be
involved in procedures to dynamically assign airspace, concepts

TECHNOLOGY

like Functional Airspace Blocks (FABs) require a flat hierarchy
for managing these responsibilities. It is clear that overall
planning must take place at a regional level. However the tactical
handover processes will follow peer-to-peer procedures. It must
always be clear which part of the airspace is being managed by
which air traffic controller, and no airspace can ever be left
unassigned. The handover of airspace responsibilities must
therefore be achieved through an acknowledged workflow
process and the communication system must guarantee a gapfree handover.
Parallel access to frequencies from multiple ATSUs:
Concepts involving multiple ATSUs, including load sharing,
contingency operation and day/night operation, require the
flexible use of radio communication resources. It must always be
clear which ATSU is responsible for a certain radio resource (as
shown in the figure). The same radio communication equipment
must be accessible from several ATSUs in parallel. If there is
simultaneous access, then it must always be transparent to the
air traffic controller which ATSU/ATC controller transmits on (or
monitors) which frequency or channel.
Radio and phone routeing via the ATS Network (network
between the ATSUs): The dynamic routeing of phone and
radio channels via the inter-ATSU network is the third essential
group of features needed to enable dynamic ATS communication
services. The intelligent VCS network must automatically route
the communication channels to the ATSU that is in charge of the
relevant part of the airspace.
There are already systems on the market (e.g. from
Frequentis) that provide elements of these features, and further
operational features are currently being implemented to exploit
the full benefits of flexible communication services.
Flexible communication services
It is increasingly clear that the EUROCAE ED-137/ED-138
specifications are becoming the standard for IP-based voice
communication in the ground segment of air traffic service
networks. Support for this goal is underpinned by current
consultations between the main international bodies, including
Eurocontrol, FAA and ICAO. References to ED-137 documents
will be included in the ICAO ‘Manual for the ATN using IPS
Standards and Protocols DOC 9896 edition 2.0’.
These new standards offer many advantages compared with
proprietary solutions, and most suppliers are expected to follow
them. This gives ANSPs more choice during the equipment
purchase process and they are not bound to a single supplier.
Interoperability between different supplier solutions is
continually being examined in dedicated interoperability tests
and field trials, enabling the combination of equipment from
different suppliers. In the next few years these developments will
make it easier to implement features that make airspace more
flexible, even in a multi-vendor environment.
The above mentioned feature groups for flexible
communication services must support both the new EUROCAE
ED-137 (VoIP for ATM) specifications and legacy protocols,
ranging from analogue systems to digital E1/T1-based
communication links.
Frequentis is actually the first supplier to use EUROCAE ED137 (VoIP for ATM) in an environment where several operational
centres share responsibilities and radio resources:
• The first large-scale IP-based (military) radio network applying
ED-137 specifications went into full operation in Poland in mid-

2011. The Polish Air Force network consists of four centres and
23 radio sites with more than 150 radios. All sites are
interconnected through an IP network across which all systems
are interconnected using the ED-137 protocol. Although this is a
military radio network, its size allows an assessment of the
operational capability of ED-137 based radio communication,
including simultaneous access to radio resources. The project
was initiated in 2008 and the systems were delivered by
Frequentis.
• In 2011-2012 the first countrywide IP-based network
interconnecting end nodes (VCS and GRS) using ED-137
specifications will be deployed by DSNA (the French air
navigation service provider). NextiraOne is supplying this IPMPLS network, with Frequentis as a subcontractor for voice
services.
• DSNA and Eurocontrol’s Maastricht Upper Area Control Centre
(MUAC) have entrusted Frequentis with the development,
deployment and maintenance of their future voice
communication systems. These will be developed in line with
the Functional Airspace Block Europe Central (FABEC) common
specifications. As a core part of the FABEC initiative, the multiyear project will see Frequentis supplying next-generation voice
communication systems to the MUAC and, in partnership with
CS, to five key French area control centres. The FABECcompliant N-VCS product will incorporate a number of
technological innovations designed to address the increasingly
complex and demanding safety and efficiency needs of
tomorrow’s airspaces. Just one of the many such features is the
ability to share FABEC-wide communication assets and
activities, such as workload (e.g. persons/roles), physical
resources (e.g. radios) and delegation of management
responsibilities (e.g. sector delegation).
It is clear that there is still a long way to go until
implementation of genuine flexible airspace. However if we are
to be prepared for this new operational concept, communication
systems must start supporting features now that make
communication services more flexible and agile. Controllers and
engineering staff alike will benefit from the combination of
operational efficiency with technical flexibility and easy-to-use
human-machine interfaces. v
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Land and sea navigation
Moog Fernau’s MM-7000 TACAN is being delivered to the US Navy as well as various
militaries around the world for ground station and shipboard applications
Achim Soelter, Moog Fernau
Moog Fernau is part of Moog Inc., a leading supplier of
mission-critical systems and products for the aerospace
and defence industries. Products and systems such as
military and commercial aircraft flight controls; satellite
positioning controls; controls for steering tactical and strategic
missiles; thrust vector controls for space launch vehicles;
controls for gun aiming, stabilisation, and automatic
ammunition loading in armoured combat vehicles; and
homeland security are part of the aerospace and defence sectors.
Moog Fernau provides products and services for navigation and
surveillance.
Moog’s heritage in navigation systems dates back to 1955
when it was first involved with designing, developing and
producing tactical air navigation (TACAN) equipment for the US
DOD. TACAN is a navigation system that provides an aircraft
with bearing and distance information to either a ground or
ship-borne landing station. This system is commonly used by
fast military aircraft providing extremely accurate bearing and
range information.
All these products were designed and manufactured at and are
supported by Moog Fernau’s SAE AS9100 and ISO 9001
compliant facilities in Salt Lake City. With a highly experienced
and stable TACAN team along with a well-developed network of
component suppliers, Moog Fernau ensures low-risk
programme implementation and lifetime support.
As part of Moog’s effort to offer customers the best range of
options and enhance its ability to supply innovative solutions
Fernau Avionics became part of Moog in 2009. Moog Fernau
offers a complete TACAN product line consisting of fixed base,
shipboard, man-portable and mobile TACAN equipment and
antennas. Moog Fernau’s product line also includes DF
(direction finding), and DME (distance measuring equipment).
Moog Fernau is the largest TACAN producer in the world,
backed by its world-class customer support organisation, Moog
Fernau continues to expand its global business and innovative
product offerings.
TACAN product line
The MM-7000 TACAN Platform, designed and built by Moog
Fernau, is the newest, most technologically advanced TACAN in
the world. The MM-7000 development was a Moog internally
funded R&D effort beginning in 2005. The July 2009 delivery of
the AN/URN-32 upgrade kit to the US Navy was the first MM7000 system delivered and marked the completion of this
development effort. As of today Moog has delivered more than
40 URN-32 upgrade kits to the US Navy. The Navy has
announced plans to upgrade its entire fleet of shipboard and
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MM-7000 Series TACAN

shore-based URN-25 systems with the URN-32. Additionally
Moog has delivered and is under contract for delivery of MM7000 TACAN equipment to several militaries around the world.
Moog Fernau’s Salt Lake City facility is the OEM of numerous
models of fixed, mobile, man-portable and shipboard TACAN
systems, including the MM-7000, AN/URN-32 (AN/URN-25
upgrade kit), AN/TRN-41 and TRN-47, AN/TRN-26, AN/SRN15, MM-6000, MM-6080 and MM-6800. The TRN-47 is a
derivative of the TRN-41 man-portable TACAN. More than 225
AN/TRN-41 and AN/TRN-47 man-portable TACANs have been
supplied by Moog Fernau and are currently in service by more
than 15 military forces around the world. The USAF is currently
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Moog Fernau’s Luton facility
in the UK and have been
delivered to commercial and
military customers in the
USA and around the world.
The 2010 Mobile TACAN
System is currently being
furnished to the US Air
Force. The 2010 fixed site
TACAN System and the 2030
DF Systems are currently
being delivered to the Indian
Air Force in support of the
MAFI programme.

Mobile TACAN with retractable antenna

operating more than 60 of these very small, ruggedised,
lightweight and very reliable ground station TACAN systems.
Moog Fernau is also the OEM for the MM-6800 Shipboard
TACAN, which has been selected for the US Navy’s Littoral
Combat Ship (LCS) High-Speed Surface Ship Program. Moog
Fernau has supplied MM-6800 systems for the first four LCS
vessels and is under contract to supply additional systems to be
installed on further builds of LCS vessels. These TACAN systems
for the LCS programme will be based on the MM-7000 TACAN
platform.
Additionally, as the OEM for the AN/SRN-15A shipboard
TACAN equipment, Moog Fernau has supplied more than 175
AN/SRN-15A shipboard TACANs to various navies throughout
the world. More than 75 AN/SRN-15A TACANs have been
delivered to the US Navy and the US Coast Guard. Moog Fernau
has also supplied more than 250 AN/TRN-26 mobile TACAN
systems to various worldwide customers.
Moog Fernau is also the OEM on the 2010 fixed site and
mobile TACAN & Antenna, 2020 Direction Measuring
Equipment (DME) and 2030 Direction Finder (DF). These
products are designed, manufactured and supported out of

MM-7000
The MM-7000 is a fourth
generation TACAN ground
station beacon-transponder.
This full-featured system is
ideally suited as a
replacement for legacy
systems, offering low
maintenance and highly
reliable operation. This
platform provides reliable,
inexpensive, full-service tactical air navigation through and
beyond the year 2025.
The MM-7000’s modular and open architecture is specifically
designed to provide an optimal solution to satisfy various
operational requirements. It can be configured as either a single
or a dual system for use in mobile, fixed-base, shipboard and
deployable operations and provides upgrade capabilities to
easily and cost-effectively adapt to unique system requirements.
The MM-7000 Transponder uses the identical components
from the MM-7000 platform and has been tested and is in use
by the US Navy AN/URN-32 programme. This system satisfies
shipboard and shore requirements. The Navy has successfully
performed flight testing, dual beacon testing, external and
antenna interface testing and MIL-STD-291C testing. The AN/
URN-32 has also successfully passed shock, vibration and EMI/
EMC testing.
All modules include the most modern, current technology,
using state-of-the-art components and devices including
extensive use of surface-mount technique components as well as
field-programmable gate arrays, digital signal processors and
other microprocessors. The extensive use of current technology
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MM-7000 Dual Beacon – full 60in and 43in cabinet configuration

AN/URN-32

greatly extends product life and improves
system parameters can be changed remotely
reliability and maintainability while
and efficiently. This includes channel and
virtually eliminating the requirement for
Ident parameters. Startup time for the system
on-site routine and preventative
is also less than 10 seconds. The RMMC
maintenance.
module begins the boot-up process by sending
Calibration and alignment procedures
commands and parameters to each module
associated with initial installation, start-up,
for initial setup. Once each module responds
restart and channel (frequency) change
that it is ready to function, the RMMC then
operations are eliminated with the MMcommands the system to transmit.
7000 and are achieved through the use of
Moog Fernau’s MM-7000 hardware has
wideband RF circuitry, frequency
also been incorporated into an AN/URN-25
synthesisers and modern digital
(AN/URN-32) upgrade kit. Moog Fernau has
components. RMM circuitry and embedded
been selected by the US Navy to upgrade and
firmware throughout the modules enable
redesign the AN/URN-25 using the MM-7000
local and remote users to configure and
technology. The MM-7000 modules have
adjust system and module parameters via a
been packaged for installation into a standard
simple user interface.
AN/URN-25 cabinet. This TACAN is suitable
MUTE and VOR ID Trigger capabilities
for fixed-site and shipboard installations and
MM-7000 Single String TACAN – 29in cabinet
are integrated into the system to provide
also interfaces with the Navy’s standard OEmuting (EMCON) capabilities and
273 & OE-258 antennas and mechanically
compatibility with co-located VOR
rotating TACAN antennas. Moog Fernau
equipment when configured for use as VORTAC station. The
completed its first lot of 30 kits in March 2011 and is in the
MUTE function is controlled by the Remote Maintenance and
process of procuring follow-on kits. This upgrade kit is now
Monitoring Controller (RMMC) module and allows the system
available to all AN/URN-25 users worldwide.
to be shut down.
In addition Moog Fernau will be installing single string, 29in
The RMMC also controls the response to an external MUTE
rack, MM-7000 systems in the new versions of the LCS. This
request. The VOR ID Trigger is interfaced through the RMMC
system is the replacement system for the MM-6800 systems,
module to the Transponder Module. The Transponder is
which has already been installed in both versions of the LCS and
designed either to generate an Ident cycle from an external
in four Spanish Navy ships. Using the MM-7000 technology
source when present or to do so internally.
platform, Moog Fernau will continue to provide TACAN and
Using the Remote Maintenance & Monitoring (RMM) system,
TACAN derivatives to customers worldwide. v
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Navigation and Surveillance Solutions for
Civil and Military Aviation

TACAN • DME • DF • Antennas

Mobile • Fixed Base • Ship Board • Man Portable
Customers value Moog Fernau’s low cost of ownership and
reliable product performance. From support of new installations
to product upgrades, our team can deliver customized
solutions to meet your needs.
www.moogfernau.com
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Doppler does it
How complex wind conditions near airports can be monitored by wind Doppler laser radar
Laurent Sauvage and Ludovic Thobois, Leosphere
Global air traffic is expected to double within the next
decade. In this continuously growing context,
measuring and forecasting wind conditions in the
vicinity of airports is becoming increasingly crucial. Should
there be wind shears, gusts or wake vortices, wind hazards on
airports can have dramatic consequences on air traffic safety, as
appeared to be the case in the crash that occurred in the New
York City area on 12 November 2001. The next big challenge for
controllers will be to prevent such meteorological hazards more
successfully while ensuring a safe increase in the traffic capacity
of airports.
This challenge goes hand in hand with high-resolution
monitoring of wind. Wind lidars (Figure 1) are laser-based
remote sensors that can provide air traffic managers with the
accuracy they need. Unlike in-situ instruments, scanning remote
sensors have the great advantage of being able to monitor a large
volume of atmosphere from one location. They also do a good
job of scanning large distances (typically several hundred metres
to several kilometres) fast enough to capture the dynamics of
wind at a high spatial resolution.
Radars or lidars are both based on electromagnetic waves that
propagate at the speed of light. They can both probe large
atmospheric volumes in real time and at a high resolution. To
get a high accuracy and spatial resolution, the sampling volume
must be as small as possible, leading to the use of very short
pulses for the electromagnetic source, such as a laser.
For several years some prototypes of lidars equipped with

Figure 1: Doppler heterodyne lidar principle
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Figure 2: Various wind conditions displayed in RHI mode observed by the
Windcube200S lidar at Paris Charles de Gaulle Airport for the SESAR project

powerful lasers and scanner heads have been developed. Figure
2 represents one long-range scanning pulsed coherent lidar
based on a proven technology formerly developed at ONERA
(the French Aerospace Laboratory) involving reliable high-power
fibred laser amplifiers and telecommunication components at a
wavelength of 1.5µm. The scanner head can perform any
scanning pattern in 3D space. The diverse topologies of complex
wind conditions require the lidar to be able to scan in staring
mode, Plan Position Indicator (PPI) mode, Range Height
Indicator (RHI) mode and Vertical Azimuth Display (VAD)
mode. All modes must be adaptive in order to ensure the
monitoring of various flow structures in the atmosphere such as
wind shears and wake vortices with the remote sensor.
Wind shears and wake turbulences originate from very
different phenomena. The former are generated by geographical
disparities around airports, whereas the latter are created by
aircraft themselves. Wind shears usually appear in airports near
coasts, valleys or mountains. All these topographic elements
generate complex wind fields and strong wind shears depending
on meteorological conditions. In addition wind variations can be
very fast in such situations, which is why the real-time
monitoring of large wind fields is necessary to warn the air
traffic management about severe weather and to prevent air
traffic hazards. In addition wind variations in wake vortices are
generated by every aircraft.
Size and intensity of wake vortices are directly linked to the
flight speed and also by aircraft characteristics such as weight
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Figure 3: Dynamic of the two counter-rotated wake vortices generated by a heavy aircraft during take-off at Charles de Gaulle airport for the SESAR project

and wingspan. Even if efforts have been made to study and
model wind shears and wake vortices, on-site measurements
remain the best way to detect them as they depend a lot on
meteorological conditions near airports, especially wind and
turbulence.
Currently international aircraft regulation imposes a minimum
delay between two aircraft taking off and landing, which varies
with the weight of the two aircraft. This regulation has been
established in standard atmospheric conditions. In practice one
can expect that with turbulence in the atmosphere and
transverse winds, the effective delay after which wake
turbulences are sufficiently dissipated, may be much lower. This
would allow controllers to increase the frequency of aircraft
take-offs and landings when wind conditions are favourable.
Two preliminary campaigns have been realised in 2011 for
evaluating the ability of the lidar to detect wind shears and wake
turbulences, in the framework of the European SESAR project
and the partnership with Thales Air System. The SESAR project
is aiming at modernising European airspace and its ATM over a
long period, and is the technological mainstay of the future
single European sky.
In Paris Charles de Gaulle Airport, a five-week campaign was
recently deployed. Although the airport is not exposed to the
hazards generated by wind shears, some have been detected but
with a low intensity, which is why they do not affect the air
traffic. If the lidar is able to detect weak wind shears, we can
expect that it will easily detect strong ones.

As explained, flexible modes were required since wake
turbulence detection has been achieved for both the landing and
take-off phases on the airport’s runways as well as below the
landing glides. Figure 3 shows the monitoring of the two
counter-rotated wake vortices that were generated by a heavy
aircraft during take-off over one minute. The lidar detects each
wake vortex as one dipole in terms of velocity, one half
composed of the highest speeds approaching the lidar (red) and
the other half representing the highest speeds away from the
lidar (blue).
These results are very promising since various wind
conditions have been successfully monitored with the scanning
WINDCUBE wind Doppler lidar. Whatever the characteristic
times and scales of the wind field, a versatile scanning Wind
Doppler lidar can accurately monitor the wind conditions
thanks to its degrees of freedom, such as scanning speed. Based
on the backscattering of light on particles, Doppler lidar can
detect aerosol plume as well as fog. Wind Doppler lidar can
operate in all weather but naturally weather conditions have a
direct influence on the range of the system. Under severe rainy
or foggy conditions the coupling of such a lidar with radar
would constitute the perfect team.
The greatest challenge that will have to be overcome in the
long term will be to convert all the detailed meteorological
information that has been measured by the lidar into
comprehensive information that can be used directly by air
traffic control. v
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Our unique experience provides outstanding
ATM expertise, products and services
Lusaka, Zambia

Manama, Bahrain
Civil Aviation Affairs of the Kingdom of Bahrain is responsible for
the provision of Air Navigation
Services in the Bahrain FIR. The
airspace in the Gulfarea covering Bahrain, Qatar and parts of
Saudi Arabia is very busy with
over 1,500 movements per day.
The delivery of the Flight Data
Processing System, FDPS from
Si ATM has assisted the overall
air trafﬁc managment in this
busy environment.

Si ATM’s high-ﬁdelity ATC
simulator will allow the
Zambia Air Services Training
Institute the opportunity to
train Air Trafﬁc Controllers
for Zambia and its neighbouring countries.

Moscow, Russia
Si ATM has upgraded and replaced obsolete equipment
in the TERCAS system for the
Moscow Air Trafﬁc Control
Centre. The system is used for
en-route, approach and tower
operations in the Moscow FIR.

Riga, Latvia
Latvijas Gaisa Satiksme is the Latvian Air Navigation Services Provider for the Riga FIR. The ATC system including en-route, approach
and tower control was delivered
by Si ATM. The system is continuously maintained by Si ATM with
upgrades which conform to the
European Convergence and Implementation Plan, ECIP.

Contacts:
Managing Director Christer Schörling
Marketing Manager Per-Olof Kellquist
Landsvägen 39 , SE-17263 Sundbyberg, Sweden
Tel +46 8 98 23 00, Fax +46 8 98 31 98, si@siatm.com,
www.siatm.com

– a Swedish company with more than
25 years expertise of ATM systems
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are at the core of this system are highly trained professionals that are on duty in ATC Towers and Centers everyday. Sennheiser supports
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For more information on our full line of Air Traffic Control headsets go to www.sennheiser-aviation.com
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Surface watch
There are A-SMGCS – and then there is the ATRiCS surface management system
Saul Wordsworth

When Wolfgang Hatzack founded ATRiCS, a provider of
highly specialised products and services for the aviation
industry, it was in the immediate aftermath of 9/11.
“There was no business to be done so we travelled across the
world, visiting every major control tower, talking to people and
listening,” he says. “For a whole year we went to flight
controllers, airlines, airports, all the different stakeholders across
the industry. Since we were unknown and not selling anything
we had the chance to learn and discover. It was an excellent
starting position to get an in-depth understanding of the
industry’s needs.”
This, combined with Hatzack’s academic expertise in artificial
intelligence (AI) and his pilot training with Lufthansa, is the
backdrop against which ATRiCS has grown to become the
leading player in the A-SMGCS (Advanced Surface Movement
Guidance and Control System) market. The culmination of this
was Wolfgang Hatzack’s design of the world’s first fully
automated routeing and guidance system at Incheon Airport,
South Korea, launched back in 2008.
“What is on the market today and is commonly called
A‑SMGCS is for the most part just components of SMGCS, in
other words un-integrated,” he says. “Typically you find
individual surveillance components or guidance equipment sold
separately. Our A-SMGCS solution integrates all existing
components into one.”
A-SMGCS by ATRiCS, also known as the ATRiCS surface
management system (SMAN), includes many functionalities to
improve safety, efficiency, airport capacity and cost-effectiveness.
However what is today often referred to as an A-SMGCS often
turns out to be merely the surveillance function.
“Other so-called A-SMGCS are much more limited than ours,”
says Hatzack. “It would be fair to say that the ATRiCS SMAN
provides all functions that an A-SMGCS foresees in the full sense
of the definition as stated in the ICAO manual. In this respect
the ATRiCS SMAN is genuinely unique. We post-process most of
the surveillance data and make a steady and reliable view of the
current traffic. If we have flight plan data available we can
correlate surveillance data with it and indicate the shape of the
aircraft, whether it’s a heavy or medium type. We can show the
flight call sign and the aircraft type. To detect any conflicts
between arrival and/or departure traffic or taxi traffic on or off
the runway we provide geo-fencing by which one can detect the
type of vehicle or object which has entered any restricted area.
Then we have the routeing function so that for each individual
mobile we can assign an individual route. The list of value
adding features goes on and on.
Hatzack’s fully integrated system means improved safety. It has

been demonstrated that by using ATRiCS SMAN, runway
incursions – the unintended presence of aircraft, vehicle or
person – can be reduced by 75 percent through reduced pilot
disorientation and controller workload as well as fewer
misunderstandings between pilot and controller.
“SMAN helps to avoid incursions at their root by detecting
when something is going wrong,” says Hatzack. “The next level
is to predict that a runway incursion will happen. For example if
an aircraft is approaching a runway holding position fast and
even if it brakes sharply it would not stop in time. Our surface
management system would generate a warning alert to say we
expect an incursion. If there are stopbars available we switch
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Getting the most out of surveillance and
ground lighting infrastructure

them on at the runway if any kind of mobile is approaching a
holding position without clearance. ATRiCS SMAN is a key
element for incursion prevention. It provides much more than
just the detection of a mistake.”
A key benefit accruing from the deployment of ATRiCS SMAN
is the financial savings it can achieve. The full use of SMAN has
been shown to provide cost savings in excess of E12 million per
year for a midsize airport. The company has developed a cost
model into which a potential customer can enter their own cost
parameters and calculate the savings.
One of the primary ways in which ATRiCS can help the
industry make savings is through automation. What Hatzack
describes as the “tedious and banal functions” that today are
carried out by air traffic controllers in addition to their traffic
control duties can be automated by SMAN. Tasks such as route
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construction along with stopbar and light path switching are
done according to a predefined logic. Hatzack explains:
“Just like the pilot who has an autopilot relieving him of
tedious manual tasks says, ‘I would like to climb to such and
such an altitude’, so the controller now has his ‘autopilot’. He
can enter his intentions, for example taxi and route clearances,
and he monitors the correct functioning of this ‘autopilot’ or
‘autocontroller’.
Hatzack goes further, comparing the integrated user interface
of SMAN to the precise presentation of information in a glass
cockpit.
“The light switching is automated, so the traditional lighting
panel is no longer needed,” he says. “The approach radar and
the flightstrip information can also be incorporated in the
ATRiCS screen. Thus the SMAN HMI corresponds to an elegant
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and intuitive glass display cockpit for the controller. Controller
workload is no longer a problem. By creating the automation of
routeing and guidance we considerably reduce controller
workload. In addition SMAN reduces the time spent trying to
communicate complex instructions to the pilot and frees up the
controller’s cognitive capabilities.”
Integrating data
To automatically provide individual taxi route proposals that
take into account aircraft-specific restrictions, SMAN interfaces
with the flight plan data processing system (FDPS) or the airport
operations data base (AODB) to get information about the
aircraft type and the assigned target runway or stand.
“Our principle is to have aircraft level technology for
controllers but also improved technology for pilots at the
airports. In low visibility conditions we offer a floating
separation on the taxiways as well as block separation.”
Earlier this year ATRiCS surveyed pilot reaction with standard
Eurocontrol and NASA questionnaires and demonstrated a 37
percent improvement in pilot perceived awareness and trust in
technology by moving from block separation to floating
separation.
“SMAN greatly improves airport capacity in low visibility
conditions by maintaining the throughput on the taxiway system
to the highest possible degree,” says Hatzack. “For example
instead of dropping from 60 movements to maybe 15
movements an hour, you may drop from 60 to 40. This has a

huge impact on costs for operational disruptions such as
cancellations, diversions and delays.”
Operational experience
As well as in Incheon, ATRiCS technology is operational in
Kuala Lumpur. In the new Berlin Brandenburg International
Airport opening next year, SMAN functions will also be up and
running. In a project at Frankfurt Airport ATRiCS used
surveillance data and flight information data to control the
lighting system and an onboard system in parallel. The surface
management system functionalities are planned for Dubai
Airports and trials are afoot at Munich Airport.
Last word
Nearly 20 years ago Wolfgang Hatzack applied to be a pilot at
Lufthansa while at the same time beginning his studies in
computer science.
“I passed all their flying tests and was ready for a pilot career
but at the same time computer science became more interesting
so my focus shifted over into AI. When I finished my diploma I
began my PhD combining AI approaches and air traffic control
problems at airports. I spent a long time talking to the industry
during that period and when I finished at university I founded
the company to translate these findings into operational systems.”
So does Hatzack regret not becoming a full-time pilot? “Not
for one moment.” ❖

Make your airport fly.
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A-CDM
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of controller intentions and individual aircraft
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with dynamic airfield lighting, a level of
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the optimal balance between your currently
available runway capacity and the existing
departure demand. In addition, advanced
Taxi Time Calculation improves the accuracy
of predicted on block and take-off times and
helps integrate arrival and departure management
with airport turnaround management.

During the introduction phase of new systems
continuous validation from your controllers on
an ATRiCS simulator ensures the safety and
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best possible use your system.
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FPL 2012: Getting Issues
Solved
How flight plan converters can bridge the transition period to ICAO’s new format – and help
save investment costs
Dr Günter Hellstern, Comsoft
According to Amendment 1 to ICAO Doc. 4444,
applicable from 15 November 2012, the format of flight
plans will be changed. This will require changes to all
ATC systems that process and use flight plans. The transition to
the new format not only creates more or less temporary
compatibility problems but also calls for large monetary
investment.
At first sight the new and present flight plan formats appear to
be as alike as two peas in a pod, which is due to the fact that all
flight plan fields actually stay unchanged in Amendment 1.
However the meaning of these items and their coding within the
new flight plan will greatly change in comparison with the
present format, making them incompatible with each other.
The revision of the format primarily became necessary due to
its inability to express modern equipment and capabilities of
aircraft. The differences between the formats are widely spread
throughout fields 7, 8, 10, 13, 15, 16 and 18, with fields 10 and
18 having the most extensive changes.

processing systems worldwide is simply not realistic. ICAO has
therefore defined an interval during which the coexistence of
both new formats will be tolerated. But it remains realistic to
assume that even after 15 November 2012 quite a number of
flight plan processing systems won’t be running with the new
format for a number of reasons, not least because the highly
specialised systems comprise costly investments that should be
protected. Replacing these systems before end of their scheduled
lifespan should be avoided.
According to recent polls, many affected organisations
worldwide have not made specific plans to transfer all their
systems by the target date. Even if many central systems will be
modified by the deadline it is likely that some subordinate
systems won’t make the date due to lack of time or budget.
Consequently the transition will most likely not be completed
after only a few weeks and there will be an extended period in
which users and systems will have to cope with two coexisting
format types.

Peaceful coexistence of formats?
In coming years airlines, air navigation service providers and
military organisations will certainly benefit from the
improvement. Until then, however, coordinating the transition
from the current to the new format poses a tremendous
challenge as the simultaneous transition of all flight plan

Flight plan conversion scenario
An efficient flight plan converter can help avoid high investment
costs for new equipment or expensive software updates. ICAO
has defined comprehensive conversion rules to enable the
assignment of each item of the new format to the present format.
Ironically these rules were not defined identically for the various
ICAO regions, which has caused a
difference in the conversion rules for
the EUR/NAT region compared with
the ASIA/PAC region.
Imagine the typical scenario
(Figure 1) in which a flight data
processing system only interprets
the present format. Hence all flight
plans addressed to this system are to
be converted from ‘new’ to ‘present’
prior to feeding them into the
system. Otherwise they will be
misinterpreted or the respective
system may experience a major
malfunction. In case the system
above sends flight plans in the
present format, they need to be
converted to ‘new’ in order to be
interpreted correctly by other
systems expecting to receive their

Figure 1: Conversion from ‘new’ to ‘present’
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Figure 2: Conversion from ‘present’ to ‘new’

flight plans in the new format (Figure 2). As of November 2012,
systems do not necessarily need to be capable of accepting the
present format. As a matter of fact there are implementations of
flight data processing systems on the market that exclusively
handle the new format.
Is converting between formats possible without any data loss?
This question can clearly be answered through the fact that the
conversion process was entirely described in the ICAO
conversion tables, meaning that all contents of the new format
can fit in the present format. Additional content in the new
format are coded in field 18 of the present format, which can by
definition contain free text. Therefore no information is lost
during conversion. However the conversion is by no means
trivial for the converter as it has to interpret flight plans correctly
up to a certain degree in order to generate a reliable conversion.
The conversion from present to new format can be conducted
in a similar manner. The sender of a flight plan in present format
has to make sure that all information necessary for creating a
flight plan in the new format is included. By doing so,
information can be accurately converted in this direction.
Date of flight conversion
A peculiarity when converting flight plans is the specification of
Date of Flight (DOF) in the new format, which allows flight
plans to be filed up to five days in advance. Although this
procedure has been common practice in various regions for
quite some time, there are flight data processing systems that fail
to interpret DOF and mistakenly expect the departure time to be
within the next 24 hours. Without its proper conversion this
would lead to a fundamental misunderstanding of the DOF and
make the flight plan worthless.
If the DOF is set for any time later than one day in the future,
messages have to be stored temporarily after being converted
from ‘new’ to ‘present’ and may be sent out at the earliest 24
hours before the actual departure time.
AIDA-FPL solves the issue
Comsoft has, at an early stage, identified the necessity for a
powerful flight plan converter that not only provides a
workaround for the impending transition but actually embodies
a permanent and comfortable solution to cater for the
coexistence of the both formats. The flight plan gateway AIDAFPL was designed to apply elaborate algorithms for automatic
conversion with minimum manual intervention. Particular
attention was paid to suitable error-handling mechanisms for the
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treatment of erroneous flight plans. These algorithms require a
certain degree of resistance to errors in flight plans to avoid
extensive manual cleaning up. In addition errors in flight plans
need to be identified to enable them to be reported to the system
administrator and, if configured accordingly, to the originator to
avoid their recurrence in subsequent flight plans. In this way the
converter also contributes to an automatic quality control and
constantly increases the quality of flight plans.
AIDA-FPL also provides a comfortable HMI for configuration
purposes and a graphical display of the converter and
connection status. The rich SNMP MIB allows the seamless
integration of the converter’s monitoring and control functions
into an existing network management system.
Safety first
Both the conversion and processing of flight plans are highly
safety-relevant. Comsoft therefore developed AIDA-FPL as a
specialised gateway based on the company’s proven aeronautical
messaging gateway AIDA-NG. AIDA-NG has already shown its
compliance with the strict Eurocontrol Safety Regulatory
Requirements (ESARR) in numerous safety critical environments
and is in operation in nearly all leading aeronautical
communication centres worldwide as a national AFTN/AMHS/
OLDI gateway.
To ensure the accuracy of the conversion algorithms the
converter was 100 percent counterchecked for conformance
with ICAO’s conversion rules and was further scrutinised with a
multitude of possible combinations of flight plan contents. To
prove its stability under real circumstances, Comsoft’s
experienced engineers tested the converter with numerous
randomly picked flight plans in the present format. As a final
point, it turned out that the system did not automatically
convert flight plans that were particularly erroneous and
therefore unusable for final processing anyway.
Conclusion
The transition of the flight plan format in November 2012
constitutes a massive challenge to all flight plan processing
organisations. The expected compatibility problems and massive
financial burdens for system owners can efficiently and costeffectively be avoided by means of a flight plan converter. With
AIDA-FPL Comsoft has developed a solid converter that fulfils
the highest safety and comfort demands while greatly
contributing to the seamless transition to the new flight plan
format. v
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Up in the clouds with ATIS
Proposing a cloud-based approach for ATM
Michael Ellinger, Frequentis

Cloud computing is a growing trend in the IT industry,
driven by major internet players such as Amazon,
Google and Yahoo. It is a highly scalable approach to
the hosting of computing resources, enabling services to be
provided in an abstract/virtualised way through a shared
infrastructure ‘in the cloud’. The main benefits of such an
approach are high flexibility and availability, as well as reduced
costs through efficient provisioning.
There are similar trends within the ATM world and they will
see new concepts and solutions needed for operating and
deploying services in a future ATM system:
• Functional airspace blocks (FABs) with increased
interoperability between systems;
• Agile resectorisation and dynamic allocation of services and
resources (radio channels, information distribution, etc);
• Harmonisation of data exchange and service provision via a
shared infrastructure (PENS, SWIM);
• Higher level of automation and interaction between ATM
systems;
• Increased use of datalink services;
• Need for reduction of operational and lifecycle costs;
• Outsourcing of infrastructure and services;
• Centralisation of operational units (combining ACCs, remote
tower concepts).
A good example of successful implementation of such a
shared service is the European Aeronautical Database (EAD),

which supplies more than 44 ANSPs throughout the world with
dynamic and static information.
ATIS – a good candidate for deployment in the cloud
ATIS (automatic terminal information service) and VOLMET
solutions are deployed worldwide and represent a core ATC
functionality for airport approach and ground control. ATIS
systems are mostly installed on the airport and use meteorological
and operational information provided by controllers and/or
external data providers, such as the airport met office or national
MET services (via AFTN). Many systems, especially at smaller
airports, offer limited functionality and lack proper automation
functions. This causes additional controller workload and limits
the information service provided to pilots and airlines.
Frequentis smartATIS/VOLMET solution
ATIS is a service with clearly defined inputs and outputs,
making it a good candidate for service-orientated provision out
of the cloud. This approach would also address the drawbacks
of existing solutions.
The Frequentis smartATIS/VOLMET solution is designed and
optimised for cloud-based deployment. It provides ATIS/
VOLMET services for multiple airports from one or several
server clusters hosted somewhere in the network. The server
clusters are highly scalable and can handle information from
multiple airports via several broadcast channels.
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Schematic representation of the elements of cloud-based ATM

The relevant information needed to generate the ATIS
message, such as METARs, MET REPORTs, SNOWTAMs,
AIRMETs and SIGMETs, is distributed to the clusters, processed
and then assigned to the corresponding broadcast channel.
Controller working positions needed for verifying and editing
the ATIS message can be hosted remotely at the dedicated
airport or at an operations centre.
A critical issue in such a deployment is the distribution of
voice content from the server to the local radio system.
Frequentis provides a highly redundant and scalable gateway
that enables the ATIS system to access TDM and IP-based radio
networks, supporting special functions such as radio main
standby switching and transmitter selection.
Provision of datalink services (D-ATIS/D-VOLMET) is handled
via one central interface or redundant connections to different
datalink service providers. One important future enhancement
for this service will be the update to D-OTIS, thereby extending
the provided content to include more operational information. A
cluster that serves several ATC units is much easier to handle
here than a decentralised system deployed in each unit –
another advantage of the cloud approach.

The potential optimisation benefits and cost savings are:
• ATIS channels from multiple airports can be maintained by a
single operator based on a role concept. Additional resources
can be assigned on demand, dependant on the workload and
weather conditions.
• Technical maintenance can be concentrated on one site and
keeps lifecycle, deployment and spare part costs low.
• The required interfaces to meteorological service units and
datalink service providers are only required at the clusters and
can be maintained easily.
Additional contingency scenarios can be easily accounted for
through an additional cluster at another location. This cluster
can take over complete operation of all ATIS channels as
required.
This approach shows the power of a cloud-based concept.
Given the flexibility of the technology and the ubiquitously
available information, services can be streamlined and then
optimised. This results in a better service quality at a lower
overall cost. Smaller and regional airfields in particular can
benefit from a cloud-based approach, enabling them to deploy
cost-efficient, highly automated and fully featured ATIS solutions.

The Skyguide example
Frequentis is currently installing an ATIS/VOLMET system in
Switzerland that follows the approach outlined above. It covers
seven airports and aerodromes and an additional four VOLMET
and glider channels for major international airports. Future
upgrades to a countrywide service covering civil and military
airports are in discussion.
The Skyguide operational concept is to provide ATIS/
VOLMET services for multiple airports from one operations
centre in Geneva, where special skilled operators maintain and
verify the message content and release times.

Conclusion and future potential
Providing ATIS as a service in the cloud is a flexible and futureproof approach for countrywide deployment, with the potential
to cover a whole functional airspace block within a future ATM
system. The cloud approach fits perfectly with the serviceorientated architecture concept defined in SESAR and enables
integration of ATIS in future SWIM-enabled infrastructure.
This approach also supports the remote tower concept, where
multiple airports are operated from one operations centre.
Moving ATIS in this direction can be seen as part of a stepwise
approach towards a full remote tower solution. v
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Ghost busters
GBSAA, Wind Turbines, and X-Band Radar
Peter R Drake, Raytheon Company and Bradley Fournier, Raytheon Canada Ltd

Ground Based Sense and Avoid (GBSAA) encompasses
several activities and emerging programmes within the
US FAA and Department of Defense (DoD). GBSAA
must provide for simultaneous safe flight operations of civil and
military fixed and rotary wing manned aircraft in the same
general airspace as the operation of remotely controlled
unmanned aircraft systems (UASs). DoD currently estimates that
approximately 113 bed-down sites for unmanned aircraft will be
established in the US by 2013. Approximately 90 percent of
these locations are within coverage range of existing terminal
ATC radars (DASR and ASR9) or on military restricted air space
operating areas (ranges and bases).
In the US National Air Space (NAS), there is increasing
density of unmanned aircraft systems in either military or civil/
law enforcement operations (e.g. Predators operated by Customs
and Border Protection). In addition US military UAS use ranges
from micro UASs to large, high-altitude reconnaissance,
surveillance and target acquisition systems (e.g. Global HAWK).
Intermingling manned and unmanned aircraft requires either
chase aircraft or ground observers, and neither provides the level
of safety and efficiency desired by operating agencies. What is
desired is a highly accurate, low-latency air surveillance and
tracking system integrated with a command and control
capability to provide ‘safety of flight’ and ‘collision avoidance’ to
reduce the risks to both UASs and manned aircraft systems. This
system must also operate 24/7 under all weather conditions,
while detecting and mitigating ground or airborne clutter.

Figure 2: False targets due to wind farms (wind farm locations shown as yellow circles)
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Figure 1: Typical wind turbine impact on ATC radar

GBSAA solution
Raytheon is developing a GBSAA solution that will involve NAScertified ATC primary radars such as the ASR-11. Currently the
ASR-11 is deployed nationally by the FAA and DoD under the
Digital Airport Surveillance Radar (DASR) contract and is
certified for ATC surveillance. Repurposing existing NAS
certified assets for GBSAA results in the lowest risk, lowest cost
and fastest deployment of GBSAA capabilities.
ATC radars and automation typically filter out ground
vehicular traffic so that it doesn’t distract air traffic controllers
from focusing on real aircraft. Low velocity can be a clue that the
object is a ground vehicle, so velocity filtering is a common
radar data processing technique. Velocity filtering also effectively
eliminates birds, which are typically not a concern for air traffic
control. In the process of filtering out birds and trucks on the
highway, however, the radar also filters out slow moving, noncooperative aircraft and aeronautical hazards such as ultra-light

Figure 3: False targets due to wind farms (wind farm locations shown as yellow circles)
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Figure 4: S-Band radar without wind farm mitigation. The elevation line represents
0.8 degrees above the turbine blades

Figure 5: S-Band radar with wind farm mitigation. The elevation line represents 0.8
degrees above the turbine blades

aircraft, gliders, balloons and parachutists. GBSAA systems need
to be able to detect these aeronautical hazards so that the UAS
can ‘sense and avoid’ these airspace users, so GBSAA systems
cannot use velocity filtering in the same way as ATC.
As well as providing target altitude data on a radar data feed
separate to the ATC radar data feed, our GBSAA solution utilises
our wind farm mitigation techniques (concurrent beam
processing, improved CFAR, Clutter Map per Doppler Filter and
Enhanced tracking techniques) developed under the UK NATS
contract and being brought into the DASR baseline, to provide
improved detection and reduced false targets. Wind turbine
mitigation ‘proof of concept’ flight tests were recently conducted
at Johnstown, Pennsylvania, and while a detailed analysis is still
in process, initial results indicate the same improved
performance as experienced in the Netherlands, i.e. improved
detection, reduced false alarm rate in the wind farm vicinity and
overall improved global coverage. Altitude estimation
development is ongoing with a projected completion of August
2011 which is aligned with current test plans for GBSAA for
September/October 2011. Nominally altitude estimation

reporting is bounded between 1Nm and 60Nm from the radar,
and in elevation between 1° and 10° relative to the horizon.
Wind turbines and radar
Wind turbines are rapidly becoming a widespread feature of the
global landscape under efforts to reduce dependence on fossil
fuels, and this is being spurred on by presidential mandates and
global agreements. ATC radars are one radar type that is being
directly affected by the proliferation of wind turbines into the
environment, and Raytheon is one of the leading companies
addressing the issue of wind-radar coexistence.
The ATC repercussion of siting wind turbines in the view of
radars is that they can cause blind spots – radar clutter that can
result in the loss or corruption of a real aircraft’s position. This
equivalent return can appear on a controller’s radar screen as a
moving aircraft or, equally disconcerting, as strong false weather.
In ATC circles this is described as a false target/false weather and
may cause the controller to reroute aircraft. Thus these false
targets create additional work for controllers and may also result
in safety issues. Typical issues caused by turbines are circled in

The ATC repercussion of siting wind
turbines in the view of radars is that
they can cause blind spots
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Figure 6: Illustration of gap filler radar integrated with turbine farm

Figure 1. Mitigation of this type of clutter is especially important
when considering GBSAA.
Mitigation techniques and capabilities
Being one of the pre-eminent suppliers of ATM equipment
globally, Raytheon has been applying its radar and signal data
processing expertise to develop and implement solutions
supporting wind-radar coexistence, thus allowing wind turbines
to be sited closer to radar facilities. Our experience to date
indicates that there is no single solution, so we are providing a
suite of enhancements that can be adapted to the specific
operational environment. These enhancements distinguish the
radar returns from wind turbines from those of aircraft,
removing the former from the processed signal.
The current and future enhanced mitigation techniques
outlined in Table 1 are available depending on ATM radar
configuration. The ASR-XX flag indicates that the corresponding
technique can be applied to all Raytheon ATM radars, while the
ASR-11 flag indicates that the technique is only currently
available on the US configuration. Those techniques flagged
with LRR are available to some extent on the upgraded US Long
Range Radars (CARSR).
Two field tests have been completed with NATS – one relating
to en route radars and the other for terminal area coverage,
because both radar types experience the problem. The trials
were held at the en route site at Lowther Hill in the UK and the
terminal site at Soesterberg, the Netherlands. This was followed
with an initial test on an upgraded DASR at Johnstown, and will
be followed later in 2011 with a combined wind farm mitigation
and GBSAA test on an upgraded DASR. We believe that this will
be the first ATC radar with a fully integrated suite of solutions
that will successfully enable wind-radar coexistence.
Application of the wind farm mitigation package on the SBand system in the Netherlands, along with optimisation and
improved tracking capabilities, has demonstrated that
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application of a subset of the suite resulted in regained
detection. As shown in Figures 2 and 3, which compare
conventional with enhanced capability, detection performance in
areas of dense wind turbine concentrations is much improved in
areas of wind farms along with improved aircraft tracking, while
unwanted detections from existing wind farms are virtually
eliminated.
The solution set comprises a suite of signal processing
enhancements, combined with an enhanced tracking capability.
Sophisticated signal processing and tracking algorithms are
applied at the radar to eliminate the wind turbine blades as a
false target. The overall performance improvement over wind
farms was considerable, as can be seen by comparing the
reinforcement rate (RR) of conventional with enhanced
capability – Figures 4 and 5.
X-Band gap filler radar
Raytheon is nearing completion of development of a standalone
low-cost X-Band phased array gap filler radar that will be
capable of both target and weather detection, and will use
advanced processing techniques similar to those available with
the ATC radars. The pencil beam gap filler radar is designed so
that it can be integrated with wind farms, provide total coverage
over the wind farm, and is designed so that data can be merged
with that of other radars. The first production prototype of this
radar will be under test in 2012.
Summary
We believe that there is currently no single low-cost solution to
wind-radar coexistence, and as such we are developing a costeffective suite of solutions for ATC and other radars. Upon
successful completion of testing and evaluation, we believe we
will be the first company to offer an ATC GBSAA radar solution
that has a built-in system to effectively mitigate the radar returns
from wind farms. v
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Integrated data for
airline operations
Effective airline operations require broad situational awareness, with seamless data sharing,
both inside the airline and with external partners
Alan Walker and Nadja Killisly, Sabre Holdings
Situational awareness is about keeping track of
everything that is going on around you in a dynamic
and complex environment so that timely and
appropriate actions can be taken. This is important in any
domain where the information flow is high and poor decisions
may have serious consequences on operations within air
transportation. Clearly situational awareness is a critical factor
for pilots, but it is also critical for all key players in operating an
airline’s flights. These players include airline operations control
(AOC), airports and maintenance as well as interacting with
airport and ATM authorities.
A key pillar for improving situational awareness is timely
access to data. Operations personnel must have confidence in
the quality and accuracy of the data. Further, systems managing
the data need to help users filter and understand the
information, automating routine decisions and then allowing the
domain experts to focus their experience and knowledge on
critical decisions.
Sabre Airline Solutions is investing in these capabilities, in
support of AOC and airport needs. Sabre AirCentre Enterprise
Operations provides industry-leading situational awareness for
AOCs by gathering, analysing and presenting information in real
time to all personnel involved in operating an airline’s flights. As
the ATM environment evolves, Sabre Airline Solutions is in a
leadership position and collaborates with government and
industry partners to create new industry standards.
Value of data integration
Data integration starts with acquisition and storage of data,
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including file transfers and messaging. An effective data
integration system will provide rules and pattern recognition
technology to automate routine tasks, freeing operations personnel
to focus on critical issues requiring expert intervention.
The data integration layer of Sabre AirCentre , called Sabre
ASx Airline Services Exchange, provides a common platform for
sharing data elements. It also includes an operational data store,
a business rule engine, event publication, web services and
pluggable data analysers.
The common condition language (CCL) and rules engine give
an airline the capability to dynamically configure workflow,
alerts and actions. This further enhances situational awareness
by filtering the flow of information and giving the ability to
manage by exception. It is configured using rules and meta-data,
enabling it to rapidly adapt to new standards and incorporate
new data elements.
A key capability of data integration is to handle increasing
volumes of data and much higher update rates. For example
asset tracking using RFID technology, or by transmitted GPS
location, could be added to the system. Combine this with
passenger reservations, check-in and baggage information and it
could result in dozens or even hundreds of messages being sent
per second through the integration layer. At this volume, the
analysis, rules and alerting capabilities become even more
critical.
Finally, airlines cannot survive in a closed world or betroth
themselves to one vendor. Data is more useful and more
powerful when it is shared and can be integrated across multiple
domains. All the major standards bodies are converging on XML
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:
Aena relies on ArcGIS and Esri Aeronautical Solution to create aeronautical charts with detailed information for instrument flight navigation

standards for data. The data interchange platform, such as the
ASx exchange, will provide an open ecosystem so airlines can
integrate their in-house and third-party systems.
Illustration of data
It is uncommon for an airline to fly a proposed schedule exactly
as published. Weather conditions, maintenance delays and other
events mean there is always some degree of schedule recovery
taking place. Let’s examine how integrated data management can
augment the AOC’s capabilities and provide a competitive
advantage.
We will demonstrate the value of data integration by using
examples based on the Sabre AirCentre, which supports the
operational area of an airline. The data management system
pulls together weather and operations data from multiple
sources. Today it is clear that the airline’s hub will likely close for
an hour or more due to a storm system likely to roll in.
Sabre AirCentre Flight Explorer goes beyond flight tracking
by incorporating multiple data feeds, dynamic weather overlays,
situational alerts, and predictive weather and air traffic tools. It
provides real-time, airspace situational awareness via a single
graphical display including flight planning, global flight
following, weather and datalink communications. From this
common interface, AOC users can drill down to more specific
information on gates, ground equipment, aircraft, passenger
flows and staffing situations.
Early in the day, flight tracks that approach the storm path
before or after its arrival can be found. Flight plans will have to
reroute, and additional fuel will need to be carried. Arrivals and

departures during the storm’s passage will be severely limited
and the airline must plan a reduced schedule.
Data integration means that an AOC can now use passenger
flow information in the planning and recovery process. For
example Sabre AirCentre Recovery Manager can consider
passenger loads when optimising schedule recovery. Crew
recovery is also performed, requiring a tight integration of schedule
and crew data so the recovered schedule is ready to be flown.
Next the passenger itineraries need to be updated. Schedule
optimisation tools have increased aircraft use and effective
revenue management tools have increased load factors. This
results in less reserve capacity to deal with disruptions and an
airline needs to act quickly to get passengers flowing onto the
new schedule.
An automated reaccommodation solution, such as Sabre
Reaccommodation Manager, can enable a single analyst to
perform scenario analysis, finding new itineraries for potentially
thousands of passengers and rebooking them. This automation
eliminates a large amount of manual processing at the airport
and or reservations centre, freeing these personnel to deal with
special cases and implementing the revised plans.
The interface to the central reservations system (CRS) also
handles ticket revalidation, exchanges and seat assignments. As
airlines create new services, such as premium seats and other
ancillary services, the reaccommodation solution effectively
manages this data. Where possible the reaccommodation
solution should maintain premium services and seat preferences,
avoiding the need for refunds while delivering exceptional
service to the traveller.
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Now that the airline is implementing the solution, it is
critically important that everyone affected by these changes is
notified, getting the right information to the right person. Again
the data integration tier blurs the boundaries between traditional
AOC functions and other parts of the airline. Reservations and
customer profile data provides the necessary information for
notification of changes to customers’ flight times and updated
itineraries. Passengers can now proceed to the gate instead of
finding an agent to fix their itineraries. The overall goal is to
optimise the flows, avoiding additional delays.
The future of ATM
In Europe and the USA, the evolution of ATM is being driven by
the SESAR and NextGen initiatives, which are both addressing the
capacity limitations of the current ATM systems and will increase
their efficiency. 4D flight planning will increase the airspace
capacity and the flight trajectory will extend ATM’s visibility into
airport processes such as taxi and gate information. Cooperative
planning together with decision modelling will reduce delays
and fuel burn.
As a consequence of these new systems there will be an
increasing amount of data exchanged with airlines and other
flight operators. In our sector we talk of aeronautical
information systems (AIS) evolving into aeronautical information
management (AIM). From an airline’s point of view there is a
great deal of additional data available that pure ATM solutions
do not address, such as crew location and status, airport staffing
and ground equipment, and passenger itineraries. This
additional data further drives the need for systems that can
automate routine tasks while highlighting exceptions that
require human input.
The ASx exchange will interact with the European ATM
authorities via the System Wide Information Management
(SWIM) network to receive weather and airspace/airport data as
well as exchange flight planning and flight operations
information. The ASx exchange interfaces to the Sabre AirCentre
suite, exchanging information about aircraft, load, crew and
passenger flow. Using analysers to link information, this will
allow for valuable and powerful analyses. For example when
changing weather conditions occur, passengers could be notified
of any changes affecting them. The ASx exchange also provides
message translation and mediation so that Sabre Airline
Solutions systems can continue to operate with current
protocols.
Sabre Airline Solutions is a partner in the Fly4D consortium,
which is delivering the SESAR work package to define airline

OCC/AOC operational requirements. System specifications will
be prototyped and then validated and verified in a testbed. The
testbed will confirm that the systems, protocols and standards
interoperate correctly and efficiently with ATC and aircraft
systems. These standards will then be shared so that they can
also be implemented and used by others, avoiding proprietary
lock-in. In addition to the work with SESAR, Sabre Airline
Solutions is in discussions with the FAA NextGen programme,
again providing input on how these new systems will interact
with airlines’ flight planning and operations tools.
In support of SESAR, Sabre Airline Solutions will work with
its user community of 80 of the world’s leading airlines to define
the requirements. The Fly4D consortium, led by Airbus, will
work with Eurocontrol for the integration of collaborative 4D
trajectory planning for airlines. The 4D trajectory provides
route, altitude, speed and time information for the complete
flight path.
Sabre AirCentre Hub Manager will provide the same service
for airport operations. It dramatically enhances airport handling
operations through sophisticated planning models, visual alerts
and streamlined information access. The GUI combines
information from multiple sources and provides for drill down
to detailed information. Using this tool, airport personnel can
better understand the task dependencies or reassign personnel
and equipment to the most critical departures.
Conclusion
Sabre Airline Solutions’ approach to integrating data from
multiple systems provides enhanced situational awareness to
operations specialist. These systems provide the capabilities to
integrate data and detect changes, with linkages to the systems
that allow an airline operations centre and airport staff to identify
a plan of action, implement it and evaluate the results.
Sabre Airline Solutions supports the SESAR initiatives. The
project focuses on improving the interfaces among airlines, ATM
authorities and third-party systems in an open and collaborative
manner.
These data integration capabilities will support the goals to
increase airspace capacity up to three times, cut ATM costs by
50 percent, reduce environmental impact per flight by 10
percent, increase safety by 10 times and reduce flight delays.
Sabre AirCentre will continue to be the most complete
operations suite for airline AOC and airport operations. Data
integration, using the ASx exchange, provides broad situational
awareness, automating routine tasks and enabling management
by exception. v

The project focuses on improving the
interfaces among airlines, ATM
authorities and third-party systems
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VOICE COMMUNICATION IS
SAFETY CRITICAL
Voice communication is still one of the most safety critical coordination methods in air traffic
control
Daniel Weideli, Schmid Telecom
Well aware of the safety-critical importance of voice
communication in air traffic management, Schmid
Telecom enables redundancy and optimal reliable access
to a wide range of different communication media. It is the air
traffic management provider’s duty to select a reliable
networking infrastructure for communication between centres
and to access remote radio sites.
Communication media
VoIP in telephony is widespread today. Whoever is evaluating a
new PABX for his company or campus selects a modern VoIPbased solution. There is normally no need for enabling any
legacy communication access. Old communication media are
thrown away.
Integrated voice communications systems in ATM differ
largely from common telephone solutions. ATM requires
reliable, delay-free communication between aircraft and the
ATC. ATM projects still require legacy communication access,
integration of radio communication, nearly unlimited
conferencing and priority communication. A transition between
different communication media requires careful planning and is
a long-term, smooth process.
The following communication media are in use for telephone
and intercom communication within and in between air traffic
control centres:
• Analogue two-wire connections including CB, LB, PABX and
PSTN access;
• Analogue four-wire connections including MFC-R2, ATS-No5,
AC-15, 4w-E&M, IVA;
• Digital connections including ISDN BRA, ISDN PRI, ATSQSIG, different kind of proprietary E0, E1 or T1 based
synchronous system interconnection links;
• VoIP based on standard SIP for PABX and PSTN access as well
as on EUROCAE ED-137 – Interoperability Standards for VoIP
ATM Components: Part 2: Telephone.
• The following communication media are in use for radio
communication between ATC centres and radio stations:
• Analogue four-wire E&M with parallel or in-band signalling is
still the most spread method to access radio equipment;
• Proprietary synchronous digital communication based on E0,
E1 or T1;
• VoIP according to EUROCAE ED-137 – Interoperability
Standards for VoIP ATM Components: Part 1: Radio.
Schmid Telecom is fully committed to ATM communication
and supports the free mixture of all media within its voice
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communication system solutions and this even within the same
interface subrack.
This smart HW concept enables a very easy and cost effective
transition from legacy to new networking media.
Optimal communication media
For ordinary telephony and intercom, quality and delay are not
a major issue. By using more and more mobile phones, delays
and interruptions have become increasingly acceptable by the
users. For radio communication a major difference in operation
can be recognised between civil aviation and military
applications. Military applications are mostly operated in a
point-to-point mode as used in mission control. A radio
connection is mostly used by a single controller or a little
number of controllers. A dedicated radio is used for
transmission and reception. Delay in voice communication is
not a big handicap.
Civil applications require the parallel usage of a frequency by
many operators. Operators are used to hear during transmission
real off air side-tone. For large area coverage several transmitters
are operated simultaneously in climax mode and best signal
selection is used for optimised radio reception. In addition to
this retransmission (coupling) is used during low traffic hours
when sectors are combined. All these radio communication
functions require a precise timing and a minimal delay of a few
milliseconds.
Even though analogue lines and analogue radio access are
seen by many modern technicians as outdated, these four-wire
E&M connections enable ideal, nearly delay less access,
providing synchronous usage of local radios. In case of longer
distances digital connections TDM-based synchronous
connections based on E0, E1 or T1 enable an optimal,
synchronous and nearly delay-free communication.
VoIP is from the timing point of view not really an ideal
solution. VoIP introduces delay when voice is packed and
unpacked. In addition to this, the network quality and jitter has
a large influence on the timing. The size of the jitter buffer has a
direct and large influence in the voice delay. The abovementioned timing handicaps complicate the usage of VoIP. Highquality private networks as well as the introduction of artificial,
dynamic delay compensation are required.
The drawing below shows the use of mixed communication
media between radio equipment and the voice switching system.
Some radio sites are directly connected to the VCS by four-wire
E&M. Other sites communicate by TDM. The expected delay is
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• Services used such as radio, centre to
centre priority driven communication or
normal telephone communication;
• Costs on connection problems, when
sectors or even whole airports have to be
closed.
In case of contracting a legacy leased line,
the conditions for signal quality, availability
and delay are very simple and clear. In case
of VoIP, the standard “ED-138 – Network
Requirements and Performances for VoIP
ATM Systems” clearly defines the
requirements. It is the air traffic
management provider’s duty to select a
reliable networking infrastructure for
communication between centres and access
remote radio sites.
Smooth adaptation of communication media
Within a centre, the ATM provider can freely
Flexibility of interconnection of different systems and radio sites through the use of different communications media to
choose the network and define transition
balance capacity and demand in airspace
plans. The planning of centre-to-centre
interconnection or the access to remote
little and constant. If only these two types of connections are
radio sites depends on third-party planning. As a result of this,
used, then no or a simple constant delay compensation would
the parallel usage of all different generations of networks with a
be needed. Off air side-tone could be used. BSS, climax and
smooth adaptation of individual lines is important.
retransmission can be used without any timing restrictions.
Schmid Telecom is fully committed to ATM communication
New Radio Sites communicate with the VCS over a VoIP
and enables the free mixture of all media within the interface
gateway. Not predictable delay must be expected. The same is
subrack and supports the smooth upgrade of old systems to
true when a radio is directly connected according to ED-137
enable integration of the latest communication standards.
Part1 to the VCS. In this case dynamic delay compensation is
Customers with operating ICS 200/60 can easily upgrade these
required to enable BSS and climax. Artificial local side tone has
systems to enable access to all kind of networking including
to be used instead of off air side-tone. Retransmission requests
TDM or VoIP-based networks. Customers using any legacy
special treatment. However, due to the delay the likelihood of
third-party VCS or who wants to integrate remote radio sites
parallel transmission between two pilots operating coupled
within their new modern network can do this by installing an
frequencies is increased.
additional ICS Connect.
With the ICS Platform from Schmid Telecom, intelligent
Available communication media
networking is not limited to VoIP. All radio and phone
Within an airport or ATC centre the ATM provider has full
communication services defined for VoIP within ED-137 are also
control on all media types and can choose the optimal
supported over TDM. The advantage of TDM is its synchronous,
networking solution. For communication between centres or to
nearly delay-free communication that enables the seamless and
remote radio sites the air traffic provider has to trust on network
reliable use of simple radio features such as real off-air side tone
providers. As long as the network provider still supports end to
and fast best signal selection (BSS). In addition optimum use of
end connections based on plain old analogue networks or TDM
climax and retransmission can be granted. The experience with
networks, a delay-free connection can still be used for timing
large country-wide networks perfectly documents the flexibility
critical communications such as radio.
of a mixed network structure.
As soon as the network provider changes part of the link into
Depending on the country, the long-term availability of TDM
a VoIP connection, the advantage of delay-free communication
based on E1 or T1 may be limited, as some telecom providers
of the legacy network is lost. This is the moment when centreplan to stop these services in the next 10 to 20 years. This is not
to-radio connection based on VoIP has to offer advantages with
a reason to rush. All systems within the ICS Platform support a
the ability to dynamically react on delays and integrate dynamic
smooth transition between different communication media at
delay compensation.
any time.
Economic communication media
The private use of SIP within public networks looks extremely
economic. The leasing costs for legacy lines are remarkable.
Economy of communication solutions is a complex issue
depending on a number of factors:
• Costs of the communication lines;
• Optimal usage of communication media;
• Acceptance of delays and quality deficiencies by controllers;

Responsibility
Voice communication is still one of the most safety critical
coordination methods in air traffic control. Schmid Telecom is
aware of this responsibility by enabling redundant and very
reliable access to a wide range of different communication media
as required in ATM. It is the provider’s duty, to select a reliable
networking infrastructure for communication between centres
and to access remote radio sites. v
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As Easy as ADS-C
The first datalink capability using the LISATM system for the Lisbon FIR
José Vermelhudo, NAV Portugal

The LISATM-L2K project, as part of Eurocontrol
Link2000 + for the implementation of datalink services
in the Lisbon FIR, has reached important achievements
in 2010 as follows:
March 2010
• Connecting to SITA for datalink communications provision;
• Installation of a server DLS (datalink server) over ATN and
FANS.
September 2010
• Partnership between NAV Portugal and Lisbon University for a
software prototype development to complete the connection
path between the DLS and the CWP;
• Implementation of a new test platform that emulates the
LISATM input data and events required to simulate datalink
surveillance using Automatic Dependent Surveillance – Contract
(ADS-C);
• Availability of a LISATM setup to test the full path between an
aircraft and the CWP.
The availability of this new test platform gives us the
opportunity to participate in the OPTIMI project in the context
of the SESAR Join Undertaking.
ADS-C contracts are used to obtain the position of the aircraft,
enabling the controller to provide FPL tracks more accurately to
estimate the aircraft position:
• Periodic contracts, as the name implies, serve to get the aircraft
position at fixed intervals, e.g. every 15 minutes;
• Event contracts are sent when, for example, the aircraft
deviates laterally more than 5Nm. In this case the aircraft’s flight

management system sends an ADS-C message informing the
control centre of this event. Several events can be defined
simultaneously, such as: change of altitude, ground speed, air
speed, point-of-passage route, etc;
• Emergency contracts can only be initiated by the aircraft but
can be overridden by both parties (aircraft and control centre).
Several possibilities exists to start an emergency report; typically
the frequency of these reports is higher than for the other
contracts, to obtain greater accuracy on the aircraft position for
situations that require assistance, such as search and rescue.
To enable Lisbon FIR participation with ADS-C data
surveillance, some important software development was
necessary:
• Presentation on the ODS track label of CLAM (Cleared Level
Adherence Monitor) alarms;
• Presentation on the ODS track label of RAM (Route Adherence
Monitor (longitudinal and lateral deviation) alarms;
• Generation of simulated traffic based on flight plan – FPL
Track;
• Development of an emulator to simulate ADS-C messages;
• Dedicate presentation of traffic based on FPL Track (in areas
without radar coverage or in the event of transponder failure);
• HMI for management contracts (periodic, event and
emergency) ADS-C in CWP.
These software developments give us the ability to show an
ASD (air situation display) with the aircraft position at the CWP
as well all ADS-C messages, generated by aircraft, with or
without pilot intervention.
After conclusion and validation of these software
developments in the above mentioned test environment, the first

Left: Track label showing RAM alarm 							

Right: FPL Track symbol
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Left: FPL Track with real traffic

Right: Track label showing CLAM alarm

ADS-C trials with real traffic and using the communications of
SITA and aircraft of Air Europa, was successfully completed in
October 2010. In March 2010 the DLS acceptance tests used
only the ATN protocol, supported by the Eurocontrol test
platform in Brétigny.
The participation on these trials gives us a good opportunity
to test the DLS FANS component as well as the total system

developed by NAV Portugal. This gave LISATM the opportunity
to make a first evaluation of the integration of datalink services
in the Lisbon FIR, as well as providing a platform for initial
evaluation of a prototype to provide important functions in
LISATM – the CLAM, RAM and FPL Track. The next step in
development will be the testing of CPDLC messages over ATN
and FANS. ❖
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Suspecting windshears & vortices
in the glideslope ?
Ask WindCube LIDAR to patrol for you

LIDAR wind profiler network

Airport hazard detection

Leosphere’s LIDAR* technologies are at the crossroads of weather monitoring,
climate watch, and pollution studies for a better understood and safer atmospheric environment. To meet the needs of these three worlds, we have developed
a versatile range of solutions: Cloud & Aerosol LIDARS for Global Aerosol Watch,
and Wind Doppler LIDARS. The new WINDCUBE® 200S products offer:
n Wind measurement up to 6km
n Full hemispherical scan (2°/s)
n Unattended and continuous operations - Automatic alarms
n Reliable and low maintenance

Severe weather & storms

See videos,
scientific publications,
test reports on our website

www.leosphere.com/weather

n Compact and quiet
* Light Detection and Ranging

Meteorology is modern

®

