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Why "THIRD EYE"?

The concept of the "third eye" is present in cultures throughout the world; from
Greek mythology to Eastern religions to contemporary New Age mysticism.
Those who have a "third eye" are said to have the ability to see the past, present
and future, as well as to recognise greater detail in the world around them. The
name THIRDEYE is applicable for the proposed aviation collision prevention
system in regard to a number of factors, in particular the greater field of view
provided to pilots and ground controllers (literally as well as temporally through
the 10-minute predicted 'future'). In addition, as the concept of the "third eye"
exists worldwide, the name emphasises the global nature of the system.
Closer to home, the name can be seen as a wordplay on the "3-I" concept
promoted at the International Space University (ISU): Intercultural, International,
and Interdisciplinary.
And lastly, we are the third Class of ISU's Master of Space Studies program. We
have seen the Past, and we are the Future. Welcome to Our World.

COVER DESIGN BY MAURIZIO RICCIARDI

©1998 BY INTERNATIONAL SPACE UNIVERSITY
ALL RIGHTS RESERVED

MSS97/98

ii

ACKNOWLEDGEMENTS
First and foremost, we would like to acknowledge all the hard work, long hours and team effort
put in by the students to complete this project. Together we have been able to accomplish a great
deal.
We would like to thank Dr. Bhatia and Mr. Bombled for contributing their time to assist us during
the various phases of our project, sharing with us their professional experience and providing
valuable guidance and advice. Additionally, we extend our thanks to all those within and external
to the ISU community. This includes staff members of ICAO and EUROCONTROL, Mr. Nicolas
Bouge from Aerospatiale, Mr. Pierre Laulhere from Air Liberte, and Mr. Joseph Bernhard-Meier
from CrossAir, to name just a few, for answering our many questions and providing us with
valuable comments with respect to the ThirdEye system.
We would also like to thank all the ISU faculty and staff for their support and encouragement,
especially Dr. Jakhu, without whose guidance this project would not have been possible. A special
thank you to Olga Zhdanovich for assisting us with many aspects of the project, including making
sure the fridge was stocked with beverages; to Paivi Macintosh and Muriel Reister for helping us
locate much of our reference materials; and to Jean Luc George for keeping our computers and
server functioning.
So to everyone, for all efforts, advice, support, commitment, and endurance, we say a hearty: thank
you, danke, mer~i, asante sana, gracias, grazie, sthuthi, nandri, kam sa ham nida, danke schoen,
todah rabbah,

t.IOU Cll fl

ill

MSS97/ 98

FACULTY PREFACE
This report, on a conceptual design for a global aviation collision avoidance system is a result of an
academic exercise undertaken collectively as a Team Project by the students of the Master of Space
Studies (MSS) programme at the International Space University.
The MSS program is a unique postgraduate course; intensive in nature and of eleven months
duration.
It is also an integrated program with a global perspective; an exceptional
interdisciplinary, international and intercultural educational experience. It involves a challenging
combination of individual study, intense problem solving, management and leadership
development projects, and a Team Project. The objectives of the Team Project are to create an
innovative conceptual design by analysing many issues from the perspective of various disciplines.
This in tum helps to develop skills in teamwork, management and leadership, and in finding
project solutions to complex problems in an international and intercultural environment. The
knowledge and skills gained throughout the academic year are put into practice when working on
a Team Project: therefore, the Team Project serves as an important tool in training the students for
the "process" of undertaking an activity within an international team and achieving a "product" in
the form of a high quality report.
For the selection of the topic for the 1997/98 Team Project, the ISU Faculty had set a number of
general requirements. These included: consensus among all students to work on an innovative
system providing a tele-service on a global basis, with a significant space segment and
implementable by the year 2015. Keeping these requirements in mind and after a preliminary
investigation of a variety of teleservices, the students of the 1997/98 MSS class have chosen the
topic of an aviation collision avoidance system. It is a generally accepted fact that aviation will
increase exponentially during the twenty-first century. One of the obvious and most important
consequences of this development will be the further crowding of skies, especially over certain
geographical areas. This necessitates the establishment of an extensive, efficient, effective, economic
and reliable navigation system for assuring maximum safety in the air; and particularly for
assisting in the avoidance of collisions. The students of the 1997/ 98 MSS class believe that space
technology can play a significant role in the enabling of such a system; and thus quite appropriately
decided to collectively work on their concept.
The 1997/98 MSS class consists of 32 students, ranging from 22 to 47 years of age, nationals of 21
countries from almost all continents, and have varied educational backgrounds such as astronomy,
biochemistry, engineering, industrial management, international policy, marketing, medicine and
physics. This diverse body of students worked on the Team Project as a coherent group, using an
innovative management approach which consisted of a permanent management group and a
rotation of lower level management responsibilities among all participants. In this way, the group
was in a position to achieve efficiency and full participation by the whole student body, making
this Team Project truly an international and interdisciplinary undertaking- a rare endeavour in the
world. All students worked persistently at great length, particularly for the six-week period
between 10 June 1998 (the day of final decision on the topic) and 21 July 1998 (the day the final
report was submitted for printing) all day and night, even on the week-ends and official holidays.
The role of the faculty in the Team Project was confined to providing general guidance and support
to the students; particularly in the process of working together as a team and regarding appropriate
management techniques; by raising various issues they should be addressing; and in assuring that
appropriate information sources and outside expertise were readily available. In this regard, we
especially recognise the exceptional support provided by Mr. B. S. Bhatia of the Indian Space
Research Organisation (Ahmedabad, India) and Mr. Jean-Pierre Bombled of AEROSPATIALE (Les
Mureaux, France). Both made significant contributions, especially with respect to the process for
selecting a research topic, working together, and managing a complex space project. It can be said
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without a doubt that this process helped the students a great deal during the Team Project. We are
sure that this training will be of great value to the students in their future professional activities.
There are a number of other ISU Faculty members who have been helpful to the students in
providing intellectual input to their research efforts. We express our gratitude to them all,
particularly to Prof. Francois Becker, Prof. Nikolai Tolyarenko, Prof. David Tudge, and other ISU
faculty present at the 1998 Summer Session in Cleveland, Ohio, USA.
This report contains several innovative ideas; however, its real significance lies in the range of
relevant issues dealt within it. We believe that any collision avoidance system that would be
established must take into consideration all the aspects addressed here, and that this report would
certainly serve as a viable and attractive model for such a system. Of course, the implementation of
such a system would need more thorough studies of the addressed issues and we recommend that
this report serve as a basis for further investigations.
It has been a great pleasure and an extremely enjoyable experience, both intellectually and socially,

for us to work with the students on this Team Project. In our view, the students have excelled both
in the process and product of the Team Project and they are destined to play a significant part in
the global leadership for the exploration and utilisation of outer space for the benefit of humanity
during the twenty-first century.

Ram Jakhu (Team Project Director)

Olga Zhdanovich (Teaching Assistant)
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STUDENT PREFACE

"Far and away the best prize that life offers is the chance to work hard at something worth doing"
--- Theodore Roosevelt
This quote reflects well a goal of the MSS class. From the beginning, it has been a primary objective
of the MSS class to work on a topic for the team project that would be "worth doing". A topic that
would not only utilise the wide range of talents and expertise brought to the class from its students,
but one which would be useful to industry and the world as a whole. Together, the MSS class of
1997/98 has achieved this goal with the acceptance and completion of the pre-phase A design of
the Collision A voidance System concept. The combined effort and contribution of 32 students from
21 different countries, within an interdisciplinary, intercultural and international environment
provided at the International Space University's central campus, Strasbourg, France, is represented
within this report.
Based on growing world aviation trends, it has been well documented that current Air Traffic
Management and services will not be able to cope with rapidly increasing demands on their
resources, thereby greatly jeopardising the safety of crew and passengers, as well as, people on the
ground. The current topic stems from an initial interest in advanced Air Navigation. It was
believed that better knowledge of the precise position of an aircraft anywhere in the world, would
automatically improve safety in the skies. After many intense brain storming sessions, we realised
that positioning itself is not the sole solution, but that it is also necessary to improve the
information flow of several parameters. These parameters include su ch things as: weather, terrain,
environment, and the location of other aircraft within close proximity. With the addition of an
algorithm, the concept of a global collision avoidance system was born. This final report: Collision
Avoidance System, contains our vision of this system, which we believe to be unique in its ability to
incorporate all aspects of the "near-by" environment of an aircraft.
Throughout the course of this project, much experience has been gained with respect to
intercultural and interdisciplinary methods of project management and team work. A unique
management style was adopted to facilitate the various phases of the project; this style proved to be
effective in managing the time frame and progress of our project. Despite the different practices,
attitudes, and opinions each of us brought to the project, the class was able to work very well as a
Team, united to achieve a common goal.

Note:

"Is it good, is it bad, excuse me, nobody knows!"
---Dr. Nikolai Tolyarenko, 1997
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ThirdEye: An Aircraft Collision
Prevention Tete-service
Class of MSS 3
International Space University, Strasbourg, France.

multidisciplinary
environment.
This
document reports the major findings of the
Team Project.

THE MASTER OF SPACE STUDIES
The Master of Space Studies (MSS) Program,
offered at the International Space University
(ISU) central campus, in Strasbourg, France,
is a unique, non-conventional master's
program. It integrates a broad range of
technical and non-technical disciplines
applicable to space and its utilisation to
provide a coherent overall view of the space
environment and its related industry. From
September 1997 to July 1998, 32 students
from 21 countries came together at ISU's
central campus to participate in the third

INTRODUCTION
We are currently witnessing a globalisation
phenomenon in many fields. Businesses are
more than ever expanding their markets
beyond national borders and relying on
international co-operation to succeed on a
global scale.

Globalisation has lead to higher demands on
aviation transportation. Over the past
two decades, airline operators have on
average increased their number of
The International Space University (ISU) was founded in passengers four-fold. The forecast for
April 1987 as a non-profit, non-governmental institution the next two decades show an ever
increasing demand. Although it is
intended to become the World's leading centre for the
presently considered to be the safest
education and training of tomorrow's space professionals. means of transportation, aviation is
ISU brings together international space experts from faced with a fundamental problem
academia, industry and government to educate students in which seems to threaten its safety
multi-disciplinary and advanced issues in space standard and yet appears to have no
simple solution. With already congested
development.
air traffic and almost saturated
year of the Master of Space Studies (MSS)
operational capacity in some regions, the
program. This international mix of students
frequency of mid-air and ground collisions
brought along not only a variety of
can only rise as denser traffic is imposed on
backgrounds and academic and professional
the existing management systems.
disciplines, but a diversity of cultures, which
together created a rich forum for discussion,
Given these predictions, it is imperative that
learning, growth, and the generation of ideas.
a fundamental improvement be brought to
the Air Traffic Management (ATM) systems.
The 1997/98 MSS course culminated in a
Included in these changes must be the
Team Project. A written report d etailing this
integration of an
effective collision
project is one of the products of the 1997-1998
prevention system.
MSS class. It is the result of teamwork and
co-operation in a multicultural and
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of
an
appropriate
Commtmication
Navigation Surveillance (CNS) system in the
latter region. These numbers are a direct
indication of the necessity of an effective Air
Traffic Management systems.

PRESENT AVIATION TRENDS
It is estimated that airlines have made

approximately 210 million flights worldwide
since the early 1970's. Today, commercial
aviation
continues
to
experience
a
considerable growth. The majority of
commercial airliners originate from North
America and Europe, comprising 76.9% of
the world's commercial air traffic (see Figure
1).

Data from the Regional Airline Association
has shown that the number of passengers
carried by an average operator has increased
more than four times over the past two
decades, even though the number of
operators substantially decreased over the
same time span. Moreover, the number of
passenger miles rose nine-fold,
with the travel duration nearly
doubling. Future forecasts of civil
air traffic show an even more
extraordinary growth. The details
vary, but a projected doubling of
traffic by 2010 and a tripling by
2020 are widely accepted. These
forecasts pose a serious threat to
aviation safety because the existing
flight management infrastructure
cannot handle such dense traffic.
The
problem
is
especially
pronotmced in Europe where air
Figure 1-l.lDistribution of Commercial Air Traffic in the World traffic
growth
is
already
constrained
by
operational
capacity.
With such a growth in air traffic, collisions
are botmd to experience a similar increase in
occurrences. Since the early 1970's, 235 fatal
events have been documented and most of
THE NEED FOR THIRDEYE
these over the past decade. Figure 2 shows
the number of fatal accidents per million
flights over different regions of the globe. It is
The most widely used aircraft collision
important to note that although the heaviest
avoidance system today is TCAS II which is
traffic is located over North America and
mandatory in the USA for all aircraft with
Europe, these regions still retain a
over 19 passenger seats. This system
considerably low rate of fatal accidents
interrogates transponders from aircraft in its
whereas Africa, having a relatively low
vicinity and listens to their replies. It analyses
traffic density, carries the highest rate of fatal
them with respect to the slant range and
accidents. This can be explained by the lack
relative altitude between both aircraft. It then
determines potential collision threats and
provides indications to the pilot about an
appropriate
evasive
manoeuvre.
However, TCAS is only designed as a
last resort for anti-collision protection,
providing an advisory alarm only 20 to
30 seconds before closest approach. A
second drawback is that the evasive
manoeuvres are limited to the vertical
axis. The pilot can only be recommended
to increase or reduce the aircraft altitude
with a suggested speed. Finally this
system is very expensive to install
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onboard aircraft (approximately 240 000 US$)
which constrains its potential implementation
in many general aviation aircraft. The
Ground Proximity Warning System (GPWS)
was developed in the 1970's to prevent
collisions with terrain. The traditional GPWS,
most common on aircraft today, provides a
10 to 15 seconds warning before impact. The
system is interfaced to the navigational
instruments to position the aircraft in
reference to a global digital terrain database.
A runway database is also included to avoid
false alarm when landing approaches are
made. A GPWS weakness is the rather short
time between a warning signal and the
expected impact. A 10 to 15 second warning
means that drastic manoeuvres have to be
performed to avoid collisions. In addition,
when first implemented, the system did not
prove to be efficient due to the high number
of false alarms. As a consequence, many
pilots have lost confidence in the system and
often disregard alarms. The Enhanced
Ground Proximity Warning System (EGPWS)
has been introduced to correct for
weaknesses in the original design, but this
system is not yet fully implemented and
again, only provides a rather short-term
advisory warning of 1 minute.

aircraft where potential hazards to the
aircraft are tracked. In addition, this sphere
can be seen as having a probability
distribution function of the future positions
of the aircraft. By knowing this information
for every aircraft, it is therefore possible to
compute the probability of a collision
between all aircraft and terrain. An alarm can
be given when the resulting probability is
found to be greater than a set threshold. In
addition, the regions of lowest probability
can be used to suggest evasive manoeuvres
to the pilots.
The basic system function is to prevent
collisions by sending to the pilot a
recommended course of action to take in
order to avoid incoming aircraft, weather
hazards or terrain. The information is
displayed on a screen inside the cockpit.
There are three possible ways upon which
the system architecture can be based. The
difference between them lies in where the
processing is performed, e.g. onboard a
satellite, the aircraft or the ground.
A
combination
of
the
latter
two
configura tions has been chosen, as shown in
Figure 3, whereby processing of the
algorithm is performed on the ground, while
a Digital Elevation Model (DEM) is stored
onboard the aircraft for display purposes.
Each aircraft computes its navigation
information and uplinks it to the ground via
satellite. If a possibility of collision is
detected, all involved aircraft and the
appropriate ATC centre are warned (notably
the aircraft identification, position, time,
flight plan and priority status). The refresh
rate on the aircraft onboard display is 1Hz
and the design is dimensioned to
accommodate a m aximum of 5 000 aircraft
per ThirdEye centre and 25 000 aircraft
worldwide over 9 of these centres b y 2015.
Lastly, the system has b een designed to
comply with all ICAO standards.

Providing an integrated collision avoidance
system is therefore essential to reducing the
system cost and pilot workload, simplifying
operations, and providing efficient onboard
equipment. ThirdEye has been designed for
this purpose. The system would integrate the
prevention of collision with aircraft, ground
and various airborne hazards (such as
dangerous weather formations) to create a
reliable, simple and effective surveillance aid
over an extended region around the aircraft
allowing for 10 minute advisory warnings.

SYSTEM ARCHITECTURE
The purpose of ThirdEye is to provide
warnings to pilots and ground controllers of
possible collisions ten minutes before they
are expected to occur. To accomplish this, the
algorithm needs to sample the appropriate 4
dimensional volume around each aircraft to
record the positions and velocities of all
potential hazards. It is simplest to think of
this sampling volume as a sphere around the

BUSINESS PLAN
ThirdEye will be operated under a fully
private
company,
consisting
of
a
hea dquarters located in Montreal, Canada,
and nine regional centres in the nine air
navigation
regions
defined
by
the
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Figure 3 ThirdEye system architecture

International Civil Aviation Organisation
(ICAO). The latter will play an important role
in the development and deployment of the
ThirdEye. Furthermore, its role will be of a
regulatory nature. The targeted market can
be broken down into three categories:
• Large airline companies (both passenger
and cargo) and military
• Small airline companies and corporate
commuter aircraft
• Private aircraft, gliders, paragliders,
balloons, and others

Several advantages of using ThirdEye have
been identified. These include:
• the trend of having free-flights in the
near future
• a decrease in air traffic management
human errors
• a better global fleet management of
airline companies
• savings in fuel due to better flight routes
• globalcoverage

Moreover, this market is further divided into
target regions of developed countries and
developing countries in ways appropriate to
their specific conditions. Two of the nine
regions represent oceanic areas considered as
developed regions given that most activities
within these regions originate from
developed countries. A first entry to the
market in the developed countries is planned
for 2010 and 2015, whereas the entry to the
market in the developing countries is
planned between 2015 and 2020.

In addition, several spin-offs should result
from this system. One possible example is the
use of ThirdEye for other fleet transport
systems (such as railroad and oceanic
systems). The market strategy adopted
focuses on the use and developments of
systems currently available on the market
such as TCAS, GPWS and ATC centres.
These systems have undergone a competitive
analysis indicating that ThirdEye should not
be competing directly with such systems, but
should instead be a compliment so that in the
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future, all systems may merge into one fully
integrated system.

CONCLUSION
With the overwhelming pressure placed on
present air traffic management, the rate of
incidents will dramatically rise unless
preventive means are taken today. ThirdEye
presents an efficient solution by providing a
system that integrates detection and
avoidance of all airborne hazards (aircraft,
terrain, weather formations, and others). It is
designed to be easily implemented inside the
cockpit, simple to use by the pilots and
affordable for all types of aircraft. These
important features should provide the means
for accessing the market quickly. Probably,
the most difficult issues facing ThirdEye are
political and regulatory. However, these
issues concern all projects carried out on a
global scale and as such, the success of
ThirdEye will only reflect our abilities in
international co-operation.

The marketing strategy pursued in this case
is one of "small market, high price". The
approach used is the classical "5 Ps" method;
that is the definition of Product, Place,
Promotion, Price and People.
The financial aspect of such a venture is of
great interest since it was found to be a
profitable one. The initial investment of the
system is very low compared to its annual
operating costs. For this reason, the return on
investment is short, especially since the
revenues are high with respect to the
potential income from the end-user. On a
local scale, however, some developing areas
do not follow the same scheme. This is why
the ThirdEye centres shall have to pay
different license fees to the headquarter
according to the region's economic strengths
and the amount of air traffic handled.
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1 INTRODUCTION
" ... American 965 you are cleared for VOR
DME approach runway one niner... What is
altitude from Cali?" -Nine six five nine
thousand feet - "Roger. Distance now?" ... No
answer. -Terrain, Terrain, whoop, whoop ... pull up baby... - ...pull up, whoop, whoop,
pull up ... - then silence'
This was the final voice transmission from
American Eagle Airlines flight 965. One
hundred and sixty passengers perished as a
result of a Controlled Flight into Terrain
(CFIT) in December, 1995. Events such as
these are much more frequent than one
would care to admit. More recently, in
February 1998, Cebu Pacific Flight 387
departed from Manila and gave its last radio
contact at 10:48 am, shortly after which local
residents heard it crash into a mountain,
another casualty of CFIT2•
With globalisation trends, demands on
modes of transportation, particularly aviation
are steadily increasing. Over the past two
decades, airline operators have increased
their number of passengers four-fold and this
trend is expected to continue. Although
flying is presently considered to be the safest
means of transportation, aviation is faced
with a fundamental problem which threatens
its standards of safety and there seems to be
no simple solution. With already congested
air traffic and almost saturated operational
capacity in some parts of the world, the
frequency of mid-air and ground collisions
can only rise as denser traffic is imposed on
the existing management systems.
Given these predictions, it is imperative that
a fundamental improvement be brought to
the Air Traffic Management (ATM) systems.
Included in these changes must be the
integration of an effective collision avoidance
system.

1

1-1

PRESENT AVIATION

TRENDS AND AIR TRAFFIC
ACCIDENTS
It has been estimated that since the 1970's,

210 million flights have been made worldwide, with commercial aviation originating
primarily from North America and Europe
making up a significant number of these
flights (76.9% of the world's air traffic).
During this period, 235 fatal accidents h~ve
been documented, many of these occurrmg
only in the last decade. Figure 1-1.1 shows
the number of fatal accidents per million
flights over different regions of the globe. It is
important to note that although the heaviest
traffic is located over North America and
Europe, these regions have a low rate of fatal
accidents in comparison to Africa, even
though it has a lower traffic density.
Figure 1-1.2 provides an overview of the
severity of various causes of fatal air traffic
accidents world-wide. The number of
accidents, the number of fatalities, as well as
the number of fatalities p er accident are
shown.
It can be seen that CFIT and mid-air

collisions rank the highest with regards to the
total number of fatalities and the number of
fatalities per accident, respectively. Another
notable cause contributing to a substantial
number of accidents is related to adverse
weather conditions and phenomenon (i.e. ice,
wind shear, snow etc.). There are also a
number of "near mid-air collisions" (also
called airproxes). For instance, in 1997 pilots
over the USA reported 239 airproxes, half of
which were critical or potentially dangerous.
All in all, with the needs of the ever-growing
air traffic industry, there is a need to reduce
these attributing factors.
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a)

b)

Figure 1-1.1

a) Fatal Accidents per ICAO Region (in Million of Flights), 1987-96
b) Air Traffic Density per Continent, 1987-964

There are some systems in existence today
(i.e. TCAS, GPWS, EGPWS) that are being
used to try to minimise the occurrence of
these accidents. However, these systems only
allow for imminent collision avoid ance,
providing a warning and a suggested
avoidance manoeuvre only 10 to 60 seconds
before impact. For example, the Ground
Proximity Warning System (GPWS) for the
American Eagle flight 965, was fully
operational and worked as designed, but the
alarm came too late. In addition, these
systems often give false or nuisance
warnings. This is a serious problem as pilots
become complacent and as a result disregard
miss valid warnings.
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Data from the U .S. Regional Airlines
Association show that while the number of
airline operators substantially decreased
from 1978 to 1995, the number of passengers
that were carried by the average operator
increased more than four times. Additionally,
the number of passenger miles rose nine-fold,
with the average trip length n early doubling.
The number of regional commuter aircraft
has also doubled. 4 This has resulted in an
increase in w orkload for the average airline
operator, especially as the air traffic has
grown more dense. The already saturated
ATC needs improved systems to cope with
this rising trend, in order to ensure the
smooth and safe flow of traffic.
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Figure 1-1.2 Severity of Causes of Fatal Air Traffic Accident, Worldwide from 1987-19965

before they are expected to occur. This will
allow the pilot the opportunity to react in an
efficient and safe manner, rather than by
reflex. ThirdEye integrates airborne, terrain
and weather hazard information in a single
system, building upon existing devices in
order to minimise complexity. It is available
on the global scale with links between
ground control centres as well as aircraft in
order to maximise the potential for a safe
end-to-end flight, effective in air traffic levels
today and in the future.

Future forecasts of civil air traffic show an
even more extraordinary growth. The details
vary, but a projected doubling of traffic by
2010 and a tripling by 2020 are widely
accepted. These forecasts indicate that
without change to the existing flight
management structure the world will be
facing a serious air transportation problem.
Some studies have gone so far as to predict
that there may be one major accident per
week if current safety standards are not
improved.
The unavoidable conclusion is that an urgent
need prevails in the aviation world today, for
new systems and / or aids which will curb the
escalation of air traffic accidents. These
systems will have to cope with the most
urgent necessities of
air traffic safety;
reducing CFIT, mid-air collisions, weatherrelated accidents and loss of control. Global
coverage will ensure the success of such a
service.

1

Adapted from AA965 Cali Accident Report,
Aeronautica Civil of The Republic of
Columbia, December 20, 1995
2
Ranter, Harro, Aviation Safety Web Pages
http:/ /web.inter.nl.net/ users/H.Ranter/ind
ex/ dbindex.htm, 8 June 1998
3
Curtis, T., Fatal Passenger Event Rate by
Airline
Since
1970,
http: / / www.airs
af.com/ airline.htm, June 17, 1998
4
US Regional Airlines Association, Airline
Success Hinges on New Avionics, Aerospace
America, pp.4-5, January 1997
5
Hughes, D., FAA Inspection System Works,
But Challenge Loom, Aviation Week Space &
Technology, vol.147, pp.60-62, 1997

With this in mind, a collision avoidance
prevention system, called ThirdEye, is
proposed. ThirdEye is a system that will
provide warnings to ground controllers and
pilots of possible collisions up to ten minutes
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2 ASSESSMENT OF ENVIRONMENT
Communication,
Navigation,
and
Surveillance, and also mentions a key issue
with respect to ATM.

2-1

TECHNOLOGY
ENVIRONMENT

a- Communication:

There are three major communication
components used in aviation today: air-toground, ground-to-ground and system
integration.

2-1.1 Introduction
The projected increase in the volume and
density of air traffic will bring changes in all
components of CNS6 I A TM (Communication,
Navigation, and Surveillance I Air Traffic
Management). The possibility of global,
continuous aircraft surveillance and the
emerging concept of "Free Flight" will have
consequences on ATC procedures. The flight
rules (Refer to Section 2-2), especially for the
IFR traffic, will have to be adapted to the new
standards, accounting for the higher degree
of freedom in the trajectory selection. The
3dimensional separation and approach
minima are expected to decrease and the
strict adherence to the published air routes
may no longer be compulsory. The associated
decrease in the predictability of an aircraft
movement will result in increased volumes of
data to be handled by the ATM. In order to
understand the need for the change, some
basic
knowledge
about the present
technology and its limitations are necessary.
Section 2-1.1 presents existing technology
used for CNS. Section 2-1.2 exposes an
outlook of future technology to be used for
the same purpose.

Air-ground.
Communication between air and ground
segments is performed today using HF (330 MHz) and VHF (30-300 MHz) links as well
as secondary surveillance radar (SSR) mode S
data link. Improved utilisation of the VHF
band is carried out through Research,
Development, Trials and Demonstrations
(RDT&D) for validation by ICAO Standards
and Recommended Practices (SARP). The
actual trend .is to move to VHF digital data
links keeping voice communication as a
backup, however, this has the major
disadvantage of offering its benefits only into
controlled areas, i.e. airport neighbourhoods,
since it cannot cover long distances. As a
result, RDT&D are in progress to assess the
relative merits of Aeronautical Mobile
Satellite Services (AMSS).
Ground-to-ground:
Most communication between ground
segments use the Aeronautical Fixed
Network
(AFTN).
Telecommunication
However, there are some limitations with
AFTN with regards to its capacity and
interoperability and its ability to support
future ICAO CNS/ ATM systems demands.
An
Aeronautical
Telecommunication
Network
(ATN)
Open
System
Interconnection (OSI) is seen as the most
effective solution to override the limitations
of AFTN. 7

2-1.2 Existing Technology
In section 2-1.1.1 a short presentation of
today's CNS systems is given. Section 2-1.1.2
discusses the use of satellite navigation for
civil aviation; and the third section compares
the advantages of combining satellite
navigation system to existing CNS systems.
2-1.2.1

Integration with other systems:
The interoperability and homogenisation of
networks, plus end-to-end levels of service,
high
integrity
inter-network
require
connections. There is a trade-off between the

Existing CNS Systems

The following section presents a brief
synopsis of current systems used in
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desired speed of integration versus cost level.
In the future, the system may share the
communication system resources among
other aviation services, such as, Air Traffic
Services (ATS), Aeronautical Administrative
Communication
(AAC),
Aeronautical
Operational Control (AOC) and Aeronautical
Passenger Communications (APC). To share
this effectively, resources would require a
dedicated computer system to route the
messages to the intended recipients and to
perform real-time diagnostics.

based on pilot queries, as the pilot has to
know where he /she is at any given time.
Precise knowledge about the past, present
and predicted position of the aircraft in 4D
space is one of the essential requirements for
terminal and en route navigation. Methods of
positioning can be aircraft-based, groundbased or space-based, or combinations of
these.
It is perfectly possible to fly an aircraft
without the use of any navigational aids,
provided the flight is carried out under VMC
(Visual Meteorological Conditions) and the
pilot is familiar with the area. Alternatively,
simple magnetic or true compass headings,
with time, speed and elapsed distance with
reference to a map has been successfully used
for many years. Celestial navigation was
essential in the early years of transoceanic
flight and is still in use in circumpolar areas.
Today, with flight rules to follow, increased
traffic and flights in varying meteorological
conditions, the need for navigational
assistance has become in many cases
n ecessary or at the very least a tool for

Communication equipment on the order of
10 kHz to 1000 MHz is required, depending
on the type of navigation devices used. The
HF or VHF voice channels are an integral
part of some of the procedures.
b- Navigation

Navigation is the method for an aircraft
flying from point to point (origin to
destination) to know its current position
relative to the ground or to another reference.
It is intrinsically a discrete-time process,
Table 2-1.1 Main Classical Navigation Systems
Function
Altitude
determination

Radio
navigation

Name
Barometric
altimeter
Radar altimeter

System location
aircraft-based

NDB / ADF

ground &
aircraft-based
ground &
aircraft-based
ground &
aircraft-based
ground &
aircraft-based
ground &
aircraft-based

VOR/DME
TACAN
Long-range
navigation
Systems

Loran
Omega

aircraft-based

Characteristics
tens of meters
accuracy
metre to em
accuracy

Other comments
alternative altitude
d etermination
can be done by
primary or secondary
radars

oldest system
4 deg. accuracy

most-used system

military system
marine system
marine system

no altitude info.
limited coverage.
Decommissioned in

1998
Accuracy 6-7 km

Autonomous
navigation
systems

Terminal area
navigation
equipment

MSS97/98

Doppler
Navigation

aircraft-based

Inertial
Navigation

aircraft-based

ILS

ground &
aircraft-based

MLS

ground &
aircraft-based

6

3D pos., speed,
distance,
heading.
3D pos., speed,
distance,
heading.
IFR landings
3D info.
3D info (more
accurate than
ILS)

needs to be precisely
calibrated
one meter range
accuracy
allows curved
approach.

2 Assessment of Environment
Table 2-1.2 Surveillance and collision avoidance systems

Name
Primary surveillance radar
Secondary surveillance radar
TCAS (I and II)

GPWS&EGPWS

Function and characteristics
• based on the echo principle
• no on-board equipment is needed
• needs transponder on-board & ATC ground radar facility
• determine potential collision threats and indicates how to
increase separation to avoid collision
• identify situations where the aircraft is dangerously
approaching the ground

reducing some of the work load in the
cockpit. For any VFR flight (Visual Flight
Rules) along the prescribed radionavigation
track, all IFR flights (Instrumental Flight
Rules) and all airport approaches that use the
radionavigation reference points, navigation
equipment must be carried on-board the
aircraft. The extent and sophistication of the
equipment is defined by the law and
basically depends on the type and category
of the aircraft and the operational
environment. The distinction must be made
between active autonomous navigation
(complete onboard processing, no additional
segment needed), on-board processing of the
received signal (most current procedures),
and passive navigation (radar guidance).

RDT&D on SSR programs because they offer
improved surveillance and a general purpose
ATS air-to-ground data link capability. Table
2-1.2 summarises
systems used
for
surveillance and collision avoidance purpose.
More detailed information can be found in
Appendix C-2.
d- Air Traffic Management (ATM)
The overall issue for ATM is the
identification of methods for increasing the
capacity and flow of air traffic without
compromising safety. This must be done cost
effectively for both the users and the
providers of the air traffic control. Recently
there has been a trend towards A TM
automation. Many States have been
successful in using simulated operational
scenarios to learn how to cope with such
issues as the dynamics of re-routing,
management of air traffic flow, free flight
with no formal A TC clearance, and
modelling of wind patterns.

Table 2-1.1 summarises the main navigation
systems used by aviators (commercial or
private) flying today. Further details on these
systems may be found in Appendix C-1.
c- Surveillance
Surveillance is the knowledge of the relative
position of one or many objects with respect
to an observer reference frame. This is
intrinsically a continuous process, since it is
fundamental for the observer to keep
tracking the objects in order to assess
eventual dangers and warn the involved
users. The ICAO CNS/ ATM system concept
foresees two main surveillance techniques
being integrated into future ATM operations,
namely:
radar-based
(e.g.
secondary
surveillance
radar,
(SSR8
))
and
communication-based
(e.g.
automatic
dependent surveillance, ADS, see Section 21.3.2). SSR modes A/C/S are used today in
terminal areas and offer well-proven
technology. Several nations are carrying out

The ATM environment and enhancement
capabilities was clearly modified during the
last few years with the appearance of spacebased navigation systems like GPS.
2-1.2.2

Space-Based Navigation Systems

In the early 1960's, the first satellite-based
navigation system, TRANSIT has been
developed by the U.S. Navy. It became
operational in 1964 with 5 satellites; and gave
the horizontal position of slow velocity
vehicles like ships or submarines.

7
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Table 2-1.3 Potential GPS Applications

•
•

•
•
•
•
•
•
•
•

•

Air Navigation
Non Precision Approach I
Landing
Oceanic En Route
Domestic En Route
Terminal
Remote Areas
Helicopter Operations
Static Positioning I Timing
Offshore Resource Exploration
Hydrographic Surveying
Aids-to-Navigation
Time Transfer
Geophysical Surveying

•
•
•
•

•

•

•

Land Navigation
Vehicle Monitoring
Schedule
Improvement
Minimal Routing
Law Enforcement

Space
Launch
In-Flight I Orbit
Reentry I Landing

In 1973, the U.S. DoD began a more
ambitious program called NAVSTAR-GPS
(or simply, GPS). Currently, the space
segment of GPS consists of 24 satellites
providing a worldwide coverage of 4 to 8
satellites with a minimum elevation angle of
15°. Satellites are distributed around six
20,000 km circular orbits with an inclination
of 55° with respect to the equator. The system
became fully operational in December 1993,
20 years after it began.

•

•
•

Search & Rescue
• Position Reporting &
Monitoring
• Rendezvous
• Repeatability of Position
• Co-ordinated Search
• Collision A voidance

More precise CPS-related data can be found
in Appendix C-3.
2-1.2.3
Comparison of Existing CNS and
Satellite-Based Navigation Systems

Existing CNS systems have major limitations.
These limitations are:
• Signal propagation of most of the RNA V
devices is limited to the line of sight.
• Ground segment for ATC is non-existent
or not consistent worldwide.
• Direct surveillance from the ground is
impossible globally.
• Reliability and availability are not
consistent due to technical and political
reasons.
• There is a need for voice communication
and position reporting.
• There is a high frequency of operator
induced errors.
• The systems are dedicated to aviation use
and have very few other applications

In parallel, a similar program, called
GLONASS was developed in the USSR. For
this system the first satellite (out of 24) was
launched in 1982 and the constellation is not
yet fully operational.
GPS was designed as a military tool.
However, it is also accessible to the civilian
community with a less precise positioning
service, the Standard Positioning Service
(SPS) in comparison to the Precise
Positioning Service (PPS) dedicated to the
military. These two levels of services are
made possible by Selective Availability (SA).
SA is an intentional degradation of the
system performances.

GPS can be added to these systems to
provide complementary solutions. The
potential advantages of satellite navigation
added to the existing ground segment are:
• The addition of satellite navigation
would allow for global coverage and
continuous availability.

GPS has experienced unexpected success and
a number of applications have benefited
greatly due to GPS. Table 2-1.3 summarises
the civilian applications of GPS and shows
that air navigation is only a small part of it.

MSS97/98

•

Maritime Navigation
Oceanic
Coastal
Harbour I Approach
Inland Waterways
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•

•

•

•

•

•

GPS were to be used as a primary source of
data for both navigation and surveillance,
redundancy would be required at the present
stage of technology to compensate for the
possible discontinuity of the GPS signal.

The cost of system deployment and
maintenance can be divided among the
different end-users.
The accuracy of the system in 2015 will
exceed that of the conventional en route
and
non-precision
approach
radionavigation.
The required redundancy for en route
navigation can be provided by INS.
In terminal areas, SSR with mode C or S
transponders will be
operational.
Precision approaches will use the ground
based segment (ILS or MLS.)
The primary use of satellite positioning
will be for en route navigation,
particularly within uncontrolled airspace.
In a radar controlled environment, spacebased
navigation
systems
will
complement the existing system as an
added
error
protection
and
augmentation to TCAS.
The airspace capacity can be significantly
increased by reducing the vertical,
lateral, and time separation minima.

The main use of ADS is for oceanic en route
navigation. It was first implemented over the
Pacific Ocean in 1996 and over the Atlantic
Ocean in 1998 involving several aircraft10• The
data refresh rate is typically 10 minutes.
Enhancement of ADS (with two-way voice
channel and ground processing for ATM) is
planned, and is known as ADS-B (ADSBroadcast, see Section 2-1.3.2).

2-1.3 Planned Technology
2-1.3.1
GNSS 1&2: GNSS (Global
Navigation Satellite System) of First and
Second Generation

An example of a complementary solution
with the GPS system is the ADS (Automatic
Dependent Surveillance) system9 , which also
operates
outside the
radar-controlled
environment.
ADS has been tested for
several years and is expected to eliminate
some of the previously mentioned problems.
The principle consists of sending automatic
positioning (derived from any appropriate
onboard navigation systems) and an aircraft
status message, in the form of a co-ordinated
protocol, to the appropriate cen tre either via
the VHF
I HF link or satellite
communication. The intention of the system
is to provide global automated information
about the aircraft's movement and status.
The position input may be from any
appropriate navigation source (INS, GPS).
The normal modes of operation consists of
on-demand, periodic and event-based
transmission and an additional emergency
mode with increased transmission rate. The
primary advantage is the possibility of
surveillance in any airspace worldwide,
especially in the locations where SSR can
never be implemented for geographical
reasons. The system can also support the
concept of a seamless "gate-to-gate"
international surveillance; the position
between the departure and destination
airport will be continuously monitored and
reported through a network of satellites. If

The GNSS initiative was born because GPS
augmented with GLONASS does not meet
civil navigation requirements.
GNSS 1 is an international initiative whose
goal is to demonstrate the ability of a
satellite-based navigation system to meet
civilian aviation requirements in the period
from 2000-to-2005/2010. Its most probable
architecture will consist of the current GPS
and GLONASS, supplemented with regional
and local augmentations in order to improve
the integrity and the precision of the existing
systems. Regional augmentations will be
based on GEO satellites (WAAS for the North
America, EGNOS for Europe, MSAS for
Japan) and local augmentation systems
(LAAS) will consist of beacons, pseudolites
and differential GPS.
System integrity is the capability of the
system to inform users of the presence of an
erroneous signal within the shortest amount
of time. For example, EGNOS would
improve this delay from a few tens of
minutes to less than six seconds over the
European and African continents.
GNSS 2 is the second generation of GNSS. It
is a European proposal to set a satellite

9
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navigation system dedicated to the civilian
community.
It
should
therefore be
completely under the control of civil
authorities and independent from the
military-controlled GPS and GLONASS.

requirements are the only ones matured
enough to be used during the system design.

The potential GNSS 2 architecture has not yet
been defined since many studies are still
ongoing and many choices are possible. GEO,
MEO, HEO, and LEO satellites, as well as
various ground components are potential
segments of GNSS 2. Four architectural
11
concepts can be identified :
• Autonomous navigation satellites: where
all navigation functions are implemented
in the navigation payload, like GPS or
GLONASS.
• Autonomous space segment: where intersatellite links are required between
navigation and monitoring satellites,
used for synchronisation, propagation of
data and possibly orbit determination.
This corresponds to the current trend
towards future development of GPS or
GLONASS.
• Dependent navigation segment: where
the navigation data is generated onboard the satellites, and corrections and
integrity data are implemented on the
ground.
• Transparent navigation segment: where
all functions are on the ground. The
space segment is transparent.

ADS-B is the improvement of ADS for
domestic navigation. 12 It will use HF I VHF
to a certain extent (these frequencies are
saturated in certain areas and are bandwidth
limited), satellite communication (like ADS)
and modified Mode S transponders. The
refresh time is typically 0.5 seconds. Each
ADS-B equipped aircraft transmits highly
accurate PVTI data (position, velocity, time,
intent). Those can be received and processed
either by the ATM on ground or by a
properly equipped aircraft. ADS-B can
complement the use of SSR technology for
TCAS by integrating the highly accurate GPS
navigation data. Another benefit is the
improvement of the strategic route planning.
ADS-B data can be displayed in the flight
deck using Cockpit Display of Traffic
Information. ADS-B is very similar in
principle to our ThirdEye system but has not
been yet viewed as useful on the global scale.

2-1.3.2

Selected References

Briefing Paper: Enhanced Ground Proximity
Warning
System
http: I I www .alliedsignal.coml aerospace I pr
oductlflight_safety l egpws.html viewed on
July 14, 1998.

In any form, GNSS 2 should provide in a
more robust system, and more precisely,
what GPS currently provides; that is :
• Instantaneous 3D position
• 3D velocity
• Timing
• Global and permanent coverage
• Continuous availability
• Independent
from
meteorological
conditions
• Simplicity of utilisation
• Low cost of users' equipment
• Robust to interference
• Known geodesic reference
• A very low price service or free and
without restrictions

Capt. R. Buetzberger, Alaska Airlines,
Seattle, W A, USA : Personal communication

Enhanced GPWS from Allied Signal
http: llhightech.cplaza.or.jp/1997119971006
I 19971008I 01 I emain.htm viewed on July
14, 1998.
Ground Proximity Warning System (GPWS)
http: llwww.acq-ref.navy.mill gpws.html
viewed on July 14, 1998.

Although it would have at least as many
applications as GPS, the primary objective of
GNSS is to meet civil aviation requirements.
This is due to the fact that civil aviation
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ADS-Broadcast (ADS-B)

Meier B.: Crossair Flight Operations Special
Projects , Basel, Switzerland : Personal
communication
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Pull Up Pull Up: The When and How of GPWS
Pull Ups
http:/ /www.natcavoice.org/av /avs/pullup.
htm viewed on July 14, 1998

6

Communication, Navigation, Surveillance
(CNS) is known as the process of
determining and transmitting the position,
then using it for decision about the further
action.
7

International Civil Aviation Organization,
Special Committee for the Monitoring and
Co-ordination
of
Development
and
Transition Planning for the Future Air
Navigation System (FANS phase II), Doc.
9623 FANS(II) I 4, Montreal 15 September-1
October, 1993
8

ICAO Manual of the Secondary Surveillance
Rndars 1998

9

Ashbury M. The Role of GPS in the ADS.

10

Donohue, G., Vision on Aviation Surveillance
IEEE International Radar
Systems,
Conference, Alexandria, VA, 1995.

11

Texier, C. et al., Mission Analysis of a Second
Generation GNSS, ESA/ESTEC Contract no
11239 /94/NL/US, August 1996.
12

Ashbury M. The Role of GPS in the ADS
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REGULATORY ENVIRONMENT

on the project are discussed (with the
exception of national instances not directly
related to civil aviation; these are discussed
in Section 5).

2-2.1 The Rule-Makers

2-2.1.1
International Aviation
Organisations

2-2

CURRENT AVIATION

The
International
Civil
Aviation
Organisation (ICAO) is the body responsible
for co-ordination of aviation activities around
the globe. Part of the United Nations family,
this 185-member organisation works to
facilitate international co-operation in the
field of aviation in order to maintain aviation
safety. ICAO also works in close co-operation
with other United Nations organisations
(World Meteorological Organisation, the
International Telecommunication Union etc.)
as well as non-governmental organisations
(such as the International Air Transport
Association,
the
Airports
Council
International, and the International Council
of Aircraft Owner and Pilot Associations).

The aviation regulatory environment is
shaped by the dichotomy between the global
nature of air transportation and national
sensitivities over airspace sovereignty. This is
why, although there are instances of technical
and political co-ordination on a global scale
primarily through ICAO, the implementation
of decisions in these instances goes through
national (or, in limited cases, regional)
jurisdictions. The result is that the regulatory
environment, while consistent in a broad
sense, presents several non-homogeneities.
Figure 2-2.1 shows the allocation of
regulatory responsibilities among bodies and
organisations at both the national and
international level, that have an impact on
the development and operation of ThirdEye.
Moreover, different shadings are used to
track separate regulations from international
organisations to ThirdEye via national
authorities. On the basis of this diagram, the
major regulatory sources and their impacts

All ICAO member nations are contracting
states (signatories) of the 1944 Chicago
Convention on International Civil Aviation.
Together, they work to establish international
standards, Recommended Practices and
Procedures (SARPs), which cover the various
technical fields of aviation to ensure that a

............................. .......................

lnternatlona rade
International Trade liberalisationlcontrol:
.-----i.__-l - Free trade in goods & services (WTOIGA S)
···· ········-j········· - Technology export control regime (MTCR
1
- Regional Trade (ASEAN. Mercosur, NAF )

!

,-ij !

elecommunications (
Frequency allocation
Interference protection

I

Figure 2-2.1 Allocation of regulatory responsibilities

13

MSS97/98

·dEye: An Aircraft Collision Prevention Tele-service

minimum safety standard is achieved around
the globe. It is then the responsibility of each
contracting
state
to
ensure
the
implementation of these standards into its
own territory or the airspace in which
responsibility to provide air traffic services
has been accepted, i.e. over the high seas or
in airspace of undetermined sovereignty. 13
Moreover, while Contracting States retain
sovereignty over their airspace, they are
required to notify ICAO of any differences
between their national regulations and
practices versus international standards. 14

between a uthorities that possess a strong
influence within the aviation industry, for
the
Federal
Aviation
example,
Administration and Joint Aviation Authority.
However, one weakness of this kind of
arrangement, as well as of traditional
international organisations (including ICAO),
is their inability to enforce the adopted
regulations and standards, as presently the
legal arena essentially remains within the
sovereignty of the nations. This will be
discussed further in Section 5-5.11.5.
National Civil Aviation
Authorities

2-2.1.2

As seen in Figure 2-2.1, ICAO's role in
ThirdEye is twofold. The legal link consists of
the sp ecification of SARPs for air traffic
management and ATC safety. However,
there showed also a direct link, consisting of
the indispensable political support for
ThirdEye. It is strongly felt that this project
will succeed only with ICAO backing, thus
endowing ThirdEye with technical and
institutional credibility.

Nearly every state has some form of
governing body that deals with issues
relating
to
the
establishment
and
enforcement
of
aviation
regulations,
standards and practices. In most nations, this
body is the Civil Aviation Authority (CAA)
or a division within the Ministry of
Transport. A p eculiar case is Europe's, in
which national CAAs have pooled most of
their prerogatives (including certification and
safety regulation) into the Joint Aviation
Authority OAA). However, air traffic control
is co-ordinated through a specialised agency
(EUROCONTROL), which is closer to a
traditional international organisation, in that
its membership stretches well beyond the
boundaries of the EU. This reduces the
enforcement power of the organisation as a
consensus between m ore states has to be
reached on all d ecisions and enforcement
must go via the m ember states.

To better facilitate the planning and
provision of air navigation facilities and
services required on the ground, ICAO
recognises nine geographical regions.
These regions are treated on an individual
basis in order to address the aviation
problems and concerns of each specific
region and to ensure that their needs a re met.
These regions are identified in Section 5,
where ThirdEye organisation is discussed.
The International Air Transport Association
(lATA) is the trade association of the airline
industry, serving both the air transport
companies and their clients . Working on a ll
aspects of air transport issues such as safety
and security, standards and procedures,
personnel and customer satisfaction, the
IAT A creates improvements in the airline
industry through its close ties w ith ICAO, as
well as through regional planning and
implementation conferences. Its role in
Third Eye is mainly as an opinion and user
group
v1s-a-vis
regulators,
aviation
authorities,
industries
and
ThirdEye
organisation .

2-2.2 Aviation Flight Rules
It is the responsibility of the pilot in
command to determine whether the flight
will be conducted in accordance with Visual
Flight Rules (VFR) or Instrument Flight
Rules (IFR). VFR refers to rules which apply
when flying b y means of visual reference.
These rules apply to aircraft not equipped to
fly IFR or which do not have IFR flight
clearance. IFR refers to rules which apply
when flying by means of reference to the
instruments in the cockpit. IFR flights can
only be conducted when the pilot has a valid
instrument rating and the aircraft is
equipped with instruments and radio
certified for IFR flight. 15

Another example of international coordination is the more informal co-operation
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The implementation of ThirdEye may have
an impact on the definition of these rules and
how they apply to aircraft flying. While not
analysed at this point in the design process,
such an impact needs to be addressed by
regulatory authorities later on, and
preferably
prior
to
the
ThirdEye
implementation.

ATCs, and these retain the possibility to
instruct the pilots independently, thus
enjoying a de facto overruling power over
ThirdEye. Having a global, private
organisation managing ThirdEye operational
aspects (Refer to Section 5) should further
allay fears regarding loss of sovereignty over
national airspace in favour of another state.

Other concepts in aviation regulation are also
important for ThirdEye, as they relate to the
different types of airspace. A Control Zone is
a controlled airspace extending upwards
from the surface of the Earth to a specified
upper limit, while a Control Area extends
upwards from a specified limit above the
Earth surface. More important is the
definition of Controlled Airspace, an
airspace of defined dimensions within which
ATC service is provided to IFR flights and
VFR
flights
according
to
airspace
classification. Similarly,
a
Controlled
Aerodrome is one where air traffic control
service is provided to aerodrome traffic (but
does not imply the existence of a control
zone).

A further point which must be addressed
carefully is that of military use of the system.
Although ThirdEye is primarily intended for
civilian users, policies addressing the system
utilisation by military aircraft (or its nonutilisation as they fly in civilian airspace)
must be drafted and agreed upon as
ThirdEye development progresses. In times
of war, the military will require the
prerogative to tum off the aspects of the
system which declare the position of their
aircraft. Military aircraft could also be given
the right not to fully identify themselves
during normal operation. These policies
enable the inclusion of military aircraft in
collision
avoidance
computations
of
ThirdEye (as well as increasing sales and use
of ThirdEye).

2-2.3 Policy and Law
2-2.3.1

States may also be hesitant to take part in a
system which releases detailed geographic
data of their territory to others. Although this
data may be readily available through
commercial or govemrnental remote sensing
organisations, the defence community may
be wary of the dual-use nature of DEM
information (and its interest for terrorist or
insurrection groups) that ThirdEye makes
available to any pilot worldwide. To reduce
the perceived risk of dual-use, the DEM
resolution must be such that it is sufficient for
collision avoidance purposes, but not for
identification of sensitive installation. The
policy to provide to the aircraft only the DEM
information that is related to its intended or
current flight path achieves in principle a
control on the spread of information, but it
can be circumvented without major technical
hurdles, even if data are encrypted. Much
more persuasive is the argument that the
data is already in existence, that ThirdEye
data will add no greater risk to the status
quo. Further, a non-discriminatory access
policy similar to the one currently enacted by
ICAO will be a central policy of ThirdEye
organisation as well, emphasising that what
is available for one nation is equally available
to another.

Sovereignty

Sovereignty is the desire of one nation to
have absolute control over its territory. In
every aspect of intemational activity,
sovereignty plays an important part in that
states tend to surrender as little sovereign
control as possible.
In regard to ThirdEye, a state may focus on

the desire to retain sovereign control over its
own airspace. Methods of handling this issue
will include having ThirdEye organisation
structure appealing to as many states as
possible (especially key ones). However it
should be stressed that, being aimed at
collision avoidance, ThirdEye operation does
not curtail national prerogatives over
airspace regulation and management. As an
example, the permission to penetrate a state's
airspace (or any portion of it) is and will be
the sole prerogative of the nation-state itself
through its air traffic control and regulatory
authorities. Moreover, ThirdEye makes all
the data available in real time to national

15
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CNS/ATM

CNS stands for Communications, Navigation and Surveillance, while ATM means Air Traffic
Management. The CNS/ ATM project, one of ICAO's most wide-ranging undertakings, was
conceived to counter the present limitations that air traffic experiences due to use of High
Frequency (HF) radios for both voice and data communications.
ICAO provides guidance to member states for the co-ordinated implementation of this new
technology. The biggest problems to the CNS/ ATM project are institutional and financial (nontechnical). Industry has not tried to collaborate in implementing a system of this type on a global
basis. Many States are still unable to separate airspace management from considerations of
sovereignty. Insufficient cash flow is a problem because revenues raised do not always find their
way back to the Director of Civil Aviation in some countries, irrespective of an ICAO cost-recovery
policy. States are required to develop specific regulations for air carriers on their national registers
to conform with specific operating standards. ICAO must approve all new technologies on aircraft
with specifications as set forth in Annex 10 to the ICAO Convention. This requires a global
framework through ICAO, enabling national legislation for the implementation of agreed
international technical standards. A hurdle for the success for this framework is the ATS / ATC,
which is structured along state's sovereignty as a national organization. Generally, States often
perceive ATS/ ATC as having police function and presently do not seem to be willing to accept to
pass ATS/ ATC functions to a supranational organization.

2-2.3.2

2-2.3.3

ITU and Frequency Allocation

The radio frequencies to be used by the space
segment must be co-ordinated by the service
provider
via
the
International
Telecommunication Union (ITU). The ITU
allocates frequencies within a given spectral
range according to the need of radio services.
The satellite service provider will procure
licenses for the use of the aeronautical
frequency band from its national government
(as is the case today, for example, of reo and
Iridium). Unless new services and related
regulations emerged in the next fifteen years,
the aeronautical carrier frequency 3023 kHz
will be used, in accordance with ITU
allocation16 • The choice of operating ThirdEye
through leased capacity on a commercial
mobile communications system removes all
legal obligation for ThirdEye organisation to
be involved in the licensing process.
However, it is vital that ThirdEye
organisation ensures (through political
action, incentives and monitoring) that by the
time of intended service start-up at least one
mobile
communications
commercial
operators is licensed for the desired
frequencies and provides a service with the
desired characteristics.
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Technical

Equipment certification is out of the purview
of ICAO. While ICAO releases Standards and
Recommended Practices (SARPS), it is
national (or, in the case of Europe, regional)
authorities that certify equipment according
to their own regulations. Manufacturers and
operators must develop equipment to meet
international standards, but it is up to
national governments to ensure that they do
so. 17
Selected References:

Anonymous: From the Ground Up, 25th
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ICAO: Convention on Civil Aviation, 7th
Edition, The Printing and Publications
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3 SYSTEM CONCEPT
ThirdEye is designed to provide a teleservice that allows for the safe and efficient
utilisation of the airspace by all aircraft. Each
aircraft shall possess the means to
continuously transmit its current position,
and for those with the capability, a means of
receiving collision warnings and suggested
manoeuvres to avoid possible collisions.

•
•
•

•
It should be noted that ThirdEye is not
intended to replace Air Traffic Control
(ATC). The ATC centres and pilots have the
authority not to accept the suggested
ThirdEye manoeuvre, as they are ultimately
responsible for any action taken. ThirdEye
will however continue advising the involved
aircraft until they are out of danger.

3-1

•

•

•

SYSTEM REQUIREMENTS
•

The system requirements define the
functions, constraints and interfaces that
ThirdEye is based upon in order to provide a
safe and collision free environment in which
all aircraft can operate efficiently. The
following is a list of the system requirements.
The complete functional specification can be
found in Appendix B.
• The system will follow standards as
stipulated
in
ICAO
compliance
18
documents.
• The system shall be implemented and
available globally.
• By 2015, the system shall be dimensioned
for 25 000 aircraft simultaneously flying.
• The system shall have an operational life
of at least 20 years.
• The system shall take into account the
traffic growth during its operational life
and shall also consider the generation of
new aircraft that may be developed.
• The system shall be 99.95% reliable over
its operational life and shall minimise the
number of false alarms.
• The system design availability shall be at
least 99.9% over a year.
• In case of single failure, the system sh all
not cause loss of life or property.

•

•
•

•

In case of double failure, the system shall
not cause loss of life.
In case of single failure and human error,
the system shall not cause loss of life.
In order to be more reliable, the system
shall make every effort to use flight
proven
technologies
during
its
development and operational phase.
The system shall not degrade the safety
of other existing systems on the aircraft.
The system design shall accommodate
development and operational cost to
ensure its affordability.
ThirdEye shall be dimensioned to
include a 30% system margin at the prePhase A stage only.
The system shall abide by international
and regional laws and shall also take into
account the security concerns of the
participating countries.
The system shall meet international
standards (lechnical) and shall also take
into account the regional standards set by
the participating countries.
The system w ill consider sub-orbital
flights in future upgrades, but during the
first phase, these sub-orbital flight shall
not be considered.
The system shall provide a means to
include un-piloted aircraft.
Current aircraft cockpits will not have to
be redesigned to accommodate the
system.
The onboard OEM shall be used only for
display. Terrain collision computations
shall be done at ThirdEye.

3-2

PROPOSED SYSTEM
ARCHITECTURES

Three system architectures were considered
for ThirdEye. The following provides a brief
description of each.

3-2.1 Centralised (On the
Ground)

19
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Figure 3-2.1 ThirdEye System Architecture
conc.em t~ the current flight (including
contingencies). Each aircraft uplinks this data
to a satellite, which in tum broadcasts it in
the area where the aircraft is flying.
Therefore, each aircraft is aware of every
other aircraft flying in the same area. Ground
infrastructure (e.g. ATC) is used to broadcast
weather hazard information (in digital form)
to all aircraft. An onboard computer
processes the aircraft navigation information
with respect to all the other aircraft, as well
as the DEM and weather data. If a potential
conflict or collision is detected, the aircraft
sends a warning message (with the time of
detection) to all concerned aircraft. This
initiates a procedure in which all aircraft
involved in the conflict acknowledge the
message. Upon receipt of the message, a
priority is assigned to each aircraft and a
collision avoidance strategy formulated
according to the order of d etection. This
strategy is then broadcast to the other aircraft
to be used in determining what manoeuvre
to do taking into account the actions of each
aircraft. If an aircraft cannot find a viable
avoidance course, another loop is attempted,
starting from the aircraft that could not solve
the conflict. If there is no successful decision
making for all aircraft, then ATC takes over.
The whole process should take less than two
seconds using a LEO satellite system, and
less than eight seconds using a GEO
communications satellite (assuming between

This system architecture is based upon
having information processing located in
ground-based ThirdEye Regional Centres
(TRCs) to which all the relevant data
required to compute collisions are gathered
(see Figure 3-2.1). The aircraft parameters are
transmitted via satellite or VHF to the TRC.
This information, in conjunction with
weather and DEM data, is processed in an
algorithm to determine if the potential for a
collision exists. In the event that a possible
collision does exist, a warning is sent to the
aircraft with a recommended avoidance
manoeuvre. The regional centres process
information received from each aircraft
identify which aircraft are likely to collid~
using a collision detection and avoidance
algorithm, and suggest an avoidance
manoeuvre to the involved aircraft.

3-2.2 Decentralised (Onboard
Aircraft)
As seen

in Figure 3-2.2, each aircraft
its ow_n position and navigation
mformabon (usmg a global navigation
system and autopilot information, when
available), and has an onboard DEM that
covers the world, or at least the a reas of
~ompute~
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levels are met.

ten and twenty aircraft are involved in the
conflict and the equivalent of seven 64 kbps
telephony circuits per conflict scenario).

3-2.3 Spacecraft Centralised
System

The system is intrinsically independent from
an~ g~~und centre. This increases the system
reliab1hty and lowers the operational cost in
comparison to the Centralised On-theGround option (i.e. no ThirdEye centre). The
protocol
and
priority
management
techniques required for the system to operate
~re well developed today, typically in the
f1eld of network operations. However,
certification for this kind of application may
take several years to receive, and current
satellite telecommunication systems may not
be able to provide capacity for bursts of high
data rates in a very short time. Another
drawback linked to this problem is that it
may be difficult to lease capacity of this type
from telecommunication operators under the
current service structure (where capacity is
leased for transmission of longer duration).
Last . but not ~east, complex modelling
techn1ques (trafflc analysis coupled with
stochastic processes) may be required to
dimension the system and to determine
whether the required capacity and reliability

I

This system architecture requires all
ThirdEye processing to be done onboard
satellites that make up a global MEO
constellation. Either in the initial phase or in
subsequent upgrades to the constellation, the
system may also extend to include support
for all other services (i.e. communication,
entertainment, tracking, etc.) for aircraft. All
the req~ired information for ThirdEye
computations are delivered to the satellite
and the response to situations of possible
collisions are sent to the aircraft involved via
satellite. Ground stations receive updates on
the DEM, weather, and ATC data which are
then uplinked to the satellites. Inter-satellite
links ensure consistency of data through the
constellation. Hand-off procedures occur as
aircraft move from the control of one satellite
to the next (as seen from a satellite) using
methods similar in principle to "Iridiumlike" or terrestrial mobile networks. It is

Communication
Satelli[e

'

Global
Positioning
Satellites

.

a

Weather

Satellite

GIS

Centre
I'

...

• 7

-----···

\......,: ' Weather
' ..

Centre

·~

Satellite ground ccnue

Figure 3-2.2 Decentralised (Onboard Aircraft)
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recognised, however, that this process is not
trivial and will require some innovative ideas
to realise it. Apart from onboard
redundancies, the constellation shall include
a series of back-up satellites for each orbital
plane to increase the reliability and
availability of the system.

Space component: The system is composed of
a significant space component (ISU Team
Project requirement).

3-3

Technical Feasibility: The possibility of a
system to be technically realisable.

Availability,
RAMS
(Reliability,
Maintainability and Safety): See Functional
Specification in Appendix B.

CHOSEN CONCEPT

Given
the
three
proposed
system
architectures, a first cut analysis has been
performed to determine which architecture
best satisfied a set list of criteria. The criteria
chosen reflected the major components that
the system architecture must possess to meet
the requirements set for the design project.
The criteria are defined below.

w'Si

~~

Global
Positioning
System

~

• • • •

~·

Off-the-shelf: The ability of the system to use
off-the-shelf (proven) technology.
Complexity: Refers to the difficulty of
bringing all the mentioned criteria of the
system to fruition.

Dedicated Constallation of
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Deployment: To bring the system into an
operational phase by 2015.

Policy / Regulatory:
The
participating
countries using the system have to abide by
the national and international laws and
policies to facilitate the efficient operation of
the system.

Acceptance: The possibility of testing the
system in full under most operational cases.

Marketability: The possibility of the system
to meet users needs and be accepted by the
world community.

Table 3-3.1 below shows a qualitative tradeoff used for choosing the most suitable
architecture.

Cost: The amount needed for the
development and, operational phases as well
as maintenance.

From this analysis, the Ground-Based
Centralised architecture (see Figure 3-2.1) has
been selected since it fulfils most of the

Table 3-3.1 Comparative Analysis of Architectures
System Criteria

Centralised

Decentralised

Space- Based

(On-the-Ground)

(Onboard aircraft)

(Onboard Satellite)

Space component

0

0

n

RAMS

n

n

0

Technical
Feasibility

IT

IT

0

Off-the-shelf
capacity

n

0

0

Complexity

IT

0

0

Policy
/ Regulatory

n

n

0

Marketability

IT

n

n

Cost

n

n

0

Deployment

n

0

0

Acceptance

n

0

n

Superior

Average

Mru;~al

Total Strength
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criteria listed. Although the Decentralised
System Architecture met many of the
specified criteria, it has not been selected
because of the perceived difficulty in coordinating aircraft-to-aircraft communication
for dependable algoritiun computations. The
Satellite-Based Centralised Architecture on
the other hand has not been selected as it did
not meet most of the set criteria and it is
believed that the feasibility and reliability
would be difficult to prove as it would
require new dedicated satellites.

3-4

Specifications (Refer to Appendix B), the
position information of the aircraft needs to
be refreshed 10 times per second and the
accuracy of its position should be better than
6 m. A positioning receiver on board the
aircraft will be able to provide this
information from an existing global
navigation satellite network. P / TE will
process this information for transmission to a
ThirdEye centre.
Communication Equipment (CE): ThirdEye
enables aircraft to communicate with the
TRCs via satellite links (supplemented by
VHF links). The communication sub-system,
with data rates ranging from 2.5 kbps
(downlink) to 10.4 kbps (uplink), has two
main functions: transmitting relevant data to
ThirdEye centres, and receiving collision
avoidance information from these centres.
Acknowledgement protocols are used to
ensure that the link between aircraft and
ThirdEye, and between ThirdEye centres
function continuously.

MAIN THIRD EYE

SEGMENTS
ThirdEye consists of three segments; namely,
the air, space and ground segments. The air
and ground segments are linked by a
communication link defined in the space
segment. These transmissions can either be
accomplished via satellite (especially over
poorly-equipped regions and oceans) or via
VHF system where available and more
suitable (e.g. for back-up). It is perceived that
HF systems for aviation operations might
have been discontinued by 2015. The ATC
centres and aircraft are linked to the system
through external interfaces. The proposed
architecture is dimensioned to cope with a
forecasted
25000
aircraft
flying
simultaneously by 2015.

Display/DEM Equipment(D/DE): When a
collision alert is sent to the aircraft, an alarm
will be triggered to inform the pilot, either by
sound or on-screen display depending on the
urgency.
The
collision
avoidance
information, including the probability of
collision, the position of other aircraft,
weather information, the terrain profile and
suggested route to avoid collision, will also
be displayed by a 3D image on the screen.
DEM data is pre-installed onboard the
aircraft in order to reduce the data being
transmitted from TRCs. A simple coordination procedure ensures that the correct
terrain information is displayed. The
displayed data is designed to be compatible
with any display device onboard the aircraft
in order to reduce costs and certification of
new equipment. The display system is
designed to enable pilot interaction, allowing
various levels of information display and
ease of data entry.

3-4.1 Air Segment
The air segment consists of equipment
onboard the aircraft which is used to transmit
and receive information to and from the
ground. This equipment includes positioning,
timing, communications and the DEM
storage and display devices. The full function
of this equipment is to provide the pilot
enough information (i.e. by means of audio
and visual cues) to be able to avoid air-to-air
and air-to-terrain collisions.

3-4.2 Ground Segment

Positioningffiming Equipment (PffE): A
key function in ThirdEye is to get the position
and timing information of the aircraft and
send it to the ground centre within the region
it is flying. According to the system

[SS 97/98

The ground segment architecture (Refer to
Figure 3-4.1) describes the connections
between TRCs and the ATC centres in each
ThirdEye region. As shown in Figure 3-4.1,
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Figure 3-4.1: Ground Segment Architecture

the connection from a ThirdEye centre to
each ATC centre, weather, and ground
station uplink centres is done through
terrestrial communication links. The output
from TRCs shall be sent to the nearest ground
station for uplink to satellites.

The capacity of the communication links shall
be dimensioned to accommodate such failure
scenarios. It is assumed that broadband
communication links such as Asynchronous
Transfer Mode (ATM) links will be fully
deployed by 2015, thus allowing ThirdEye
ground communication to be easily achieved
via these high-speed networks.

It is proposed to use the uplink ground

stations of the communication provider (for
instance ICO or Iridium ground stations). For
cases where there is no possibility of a direct
connection between a ThirdEye centre and a
ground station, the system architecture
proposes to use VSAT networks. However,
this method of connection introduces an
unwanted
delay
which
may
affect
calculations of the systems algorithm, thus, a
decision to use a dedicated VSAT network is
still to be considered. Furthermore, there is
also the option of installing a ground station
antenna on ThirdEye premises if the capacity
of the TRC warrants.

3-4.3 Space Segment
The ThirdEye communication system defines
the means used to deliver the necessary
information at the right time among the
aircraft, and between the aircraft and
ThirdEye centres. Due to the need for global
coverage, this could be delivered using
highly inclined mobile satellite systems.
Since the amount of information to be
exchanged is not large, even in comparison to
current mobile communication systems, it is
clear that the communication needs do not
justify a dedicated satellite system by 2015.
ThirdEye communication between air and
ground segments can be carried out in 2015
by a mobile communication service provider
with global coverage, which includes the
polar regions. This service provider shall be

The architecture also proposes a backup
scheme to ensure the reliability and
availability of the system. Each TRC will
backup another TRC in parallel, such that if,
for example, ThirdEye 5 has a total failure, its
backup in ThirdEye 1 will take control. Data
from the recetvmg ground station in
ThirdEye 5 shall be re-routed to ThirdEye 1.
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able to provide communications with aircraft
using omni-directional antennae and lowpowered onboard equipment in order to
reduce costs.

3-5

•

TURN ON/OFF SEQUENCE

OFTHIRDEYE

3-6.2 Off-Nominal Scenarios
•

The following is a description of the process
by which a ThirdEye unit in the aircraft is
turned on/ off.
ThirdEye is turned on at power-up of all the
avionics equipment onboard the aircraft. For
non-powered aircraft such as gliders,
ThirdEye will have to be turned on manually.
This process initiates the first transmission
from the aircraft to TRC in which the
parameters transmitted are: position, time,
aircraft ID, status, and aircraft priority. These
parameters are used by ThirdEye to query
the aircraft database and retrieve the
performance parameters needed to process
the
collision
avoidance
algorithm
incorporating information from within the
area. The terrain (OEM) collision portion of
the algorithm is turned on only when the
aircraft reaches an altitude of 10 meters
above ground level. During final approach
for
landing,
the
terrain
collision
computations are turned off after reaching an
altitude of 10 meters above ground level and
80% of the aircraft's landing air speed.
ThirdEye is turned off at power-down of
avionics equipment onboard the aircraft.

3-6

The TRC processes the data, identifies
which aircraft are likely to collide and
suggests
a
collision
avoidance
manoeuvre to all involved aircraft. In
tum, these involved aircraft have to send
an acknowledgement to the TRC.

•

Communication loss between aircraft
and the ThirdEye regional centre: Since
the TRC is no longer receiving data from
this aircraft, it knows that something is
wrong with this aircraft. Therefore:
1. It warns the ATC.
2. It warns nearby aircraft.
3. During this process ThirdEye
designates a higher priority to the
recovery of the communication
link with the aircraft.
Fault with a TRC: If a ThirdEye centre
working
despite
internal
stops
redundancies, the alternate centre of the
faulty TRC will automatically take
control of its functions. This alternate
centre is also the primary centre for
another region. Aircraft will still receive
ThirdEye services, however there may be
an increased time delay due to this rerouting. If both primary and backup
centres collapse, the aircraft will no
longer receive ThirdEye services. Under
this situation, the pilot and ATC shall be
informed immediately.

NB: In Off-Nominal Scenarios, ThirdEye
shall assume that the pilot shall continue
his/her intended flight plan. However, under
any situation the pilot will have full
responsibility for actions taken. In both cases,
the ATC and pilot are still able to rely on the
available navigation and / or surveillance
systems.

OPERATIONAL SCENARIOS

The following is a brief description of
nominal and off-nominal scenarios.

3-6.1 Nominal Scenario
•

ID

•

5597/ 98

The aircraft transmit the following data
to thTh
e irdEye regional centre:
Status/
Priority

Time

3-7

Position
Vector

Flight
plan
update
Each time the TRC receives this complete
set of data it sends an acknowledgement
to the transmitting aircraft (based upon
its ID).

INTERFACES

In order to have a better understanding of

ThirdEye, the main interfaces must be
identified. Figure 3-7.1 illustrates the most
important segments: the ground segment, the
air segment and the space segment. From
these segments, internal and external
including
human machine
interfaces,

26

3. System Concept

interfaces, may be identified within the
system. In all cases, the arrows represent an
important interface as well as the direction of
the data flow (regardless of the means of
communication or interaction).

the autopilot is not engaged, equivalent
information will come from the ATC
centres involved. ThirdEye shall not
modify
the
autopilot
parameters.
Therefore, this interface is unidirectional.

3-7.1 System to System
Interfaces

3-7.1.1.3
The Regional Ground Segment:
2. ThirdEye Centre-to-Aircraft Data-base (DB):
The TRC shall access the aircraft
database in order to retrieve the
specifications required of a given aircraft
for the system to function properly. This
interface is unidirectional.

The system-to-system interfaces may be
classified in three levels: level 1, interfaces
within an individual segment; level 2,
interfaces between segments; and level 3,
interfaces between the system and the
"outside world".

3. ThirdEye Centre-to-Ground Communication

System: The TRCs shall use common
ground-to-ground
communication
systems
in
order
to
establish
communication with weather and DEM
centres. This interface is bi-directional.

3-7.1.1
Levell- Interfaces within a
Segment

3-7.1.1.1

4. ThirdEye Centre-to-Satellite Communication

System: The TRC interacts with the
Satellite Communication system to
transmit and receive data to/from the air
segment. This interface is bi-directional.
5. Third Eye Centre-to-VHF System: This is an
alternate way of communication with the
aircraft; whenever considered necessary
from the ThirdEye centres regional, VHF
communication links may be used to
transmit data to the air segment, as a
back up or redundant system to the
satellite system. This interface is bidirectional.

The Space Segment:

Within the space segment, there are no
significant interfaces which have a direct
impact on the operation of the ThirdEye
system. Each component of the space
segment, i.e. positioning satellites, data relay
satellite system and weather satellites work
independently of each other making
contributions at the next interface level (refer
to Level2).

3-7.1.2
Level 2 - Interfaces between
Segments

3-7.1.1.2
The Air Segment:
1. Autopilot-to-Communication
Hard-ware:
This interface applies only to those
aircraft equipped with autopilot. When
the autopilot is engaged, its programmed
information on the aircraft's planned
trajectory will be shared with ThirdEye
communication hardware. As a result,
this information can be further conveyed
to the TRC (at the next interface level)
enabling escape manoeuvres to be
suggested in the event of a conflict. If the
aircraft does not have an autopilot, or if

3-7.1.2.1
The Air and Space Segments:
6. Positioning
Svstem-to-Communication
Hardware of the aircraft: Regardless of the
system used to provide the position of
the aircraft, this interface shall only be
unidirectional, from the positioning
system to the communication hardware.
This interface is unidirectional.
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Po sitioning
System

Back-up
· Positioning System

Data relay
Satellite System

Other
ThirdEye
Centers
(including
Back-up)

Simulator(s)

DEM Center

Weather Center

Figure 3-7.1 Simplified ThirdEye Interface Structure Diagram

8. Data
Relay
Satellite
System-toCommunication Hardware of the aircraft:
This interface provides a two-way
communication link to enable the flow of

;s 97/98

information between the air and ground
segments.
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3-7.1.2.2

The

Air

and

interaction between these two elements
may not be frequent.

Ground

Segments:

13. Ground

8. Communication Hardware of the aircraft-toVHF System on the ground: This is a twoway interface providing a traditional
communication link between the aircraft
and the ground. It also provides an
alternative method of communication to
that of the Data Relay satellite system-tocommunication hardware interface of the
aircraft. This interface is bi-directional.

Processing

Communication System-to-DEM
Centre: ThirdEye centres

request and receive the pertinent digital
elevation data through ground to ground
lines (such as fibre optics, telephone links,
etc.). This is the non-real time link. This
interface is unidirectional.
14. Ground Communication System-to-Weather
Data Processing Centre: TRCs request and
receive the pertinent "near" real time
weather data through ground-to-ground
lines. This interface is bi-directional.
15. Onboard DEM Database-to-Data Display
Hardware (i.e. Human-Machine Interface). In
the event of the need for OEM data, it will
be directly displayed on the onboard
display hardware. This is a two-way
interface because the pilot may be able to
select from display options such as image
magnification, detail of information, etc.

The Ground and Space Segments:
9. Data

Relay Satellite System-to-Satellite
Communication System on the ground: This
is a two-way interface providing a
communication link with the regional
centres. It is also an alternative method for
communication between the TRCs.

3-7.1.3
Level 3 - Interfaces between the
System and the "Outside World"

Weather and land observation satellites are
not an integral part of ThirdEye, however,
they do play an important role in providing
weather and DEM data to the relevant
centres.

Between ThirdEye Regional Centres and
other ground systems:
10. ThirdEye Main Processing Centre-to-ATC: In
the case where a conflict is detected
between aircraft, ThirdEye shall inform
the pertinent A TC and provide them with
the necessary data for their future flight
plans, statistics, etc. This interface is bidirectional.
11. ThirdEye Main Processing Centre-to-Other
ThirdEye Centres: This interface transfers
information between ThirdEye regional
centres using standard communication
systems. It is necessary for some standard
flight procedures (e.g. when an aircraft
flies between one or more regions) in
order to continue the monitoring of the
aircraft. Since a certain TRC will be a
back-up for another, this interface also
updates the information between the
nominal and back-up centres in real-time.
In case of failure in the regional ground
segment, the backup ground segment
(which is another regional centre) should
operate so that the air segment is not
affected by during the change. This
interface is bi-directional.
12. ThirdEye Main
Processing Centre-toSimulator(s): This interface is only
intended to provide real data for
simulation and training for ThirdEye. The

3-7.2 Human Machine
Interface
The primary goal of the human-machine
interface is to efficiently increase spatial
awareness of the crew.
16. Pilot-to-Data Display & Auditory Warning
Hardware: This interface includes two
parts. Data display is a two-way interface,
since the pilot can interact with the
display (e.g. to enlarge the view of the
screen w hen seeing the OEM display, or
to display more data about incoming
aircraft or weather hazards). An audio
warning system (one-way interface) is
necessary in the event of potentially
critical situations.

18

International Civil Aviation Organization
(ICAO): Units of Measurement to be used in Air
and Ground Operations, Annex 5 Fourth
Edition, July 1979.
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4 SUBSYSTEMS DESIGN

4-1

confidence, that aircraft will not collide with other
aircraft, airborne hazards, or the terrain.

POSITIONING

This overall specification is divided into
several sections which are elaborated upon in
Appendix B.

4-1.1 Design Specifications
The positioning specifications needed for
ThirdEye correspond to the civil aviation
requirements with respect to GNSS (refer to
Section 2-1.2). Three levels of services can be
19
identified :
• Level C is a worldwide service with a
low accuracy (50 - 100 m) and a 99.0 99.5% availability. This is typically for en
route navigation for civil aviation and
maritime applications.
• Level B is a continental service offering
an accuracy of 5 to 10 m vertical and
horizontal with an availability of 99.7%.
An integrity warning has to be provided
within
a
few
seconds.
Typical
applications are land mobile systems,
coastal I harbour navigation and landing
up t? category I. This level is the driving
service level for the GNSS system design.
We. assume that GNSS 2 or something
equivalent should be available in the
timeframe of this project, providing up to
level B of service worldwide.
• Level A is a very local service offering an
accuracy of better than 1 m vertical with
an availability better than 99.9 % and
continuous monitoring from the ground
with warnings within 1-2 seconds. This
level is used essentially for category II &
ill landing. It requires the support of
local augmentations.

4-2

4-2.2 General Description of
the Algorithm
In order to prevent aircraft collisions, a
"safety bubble" concept is used to describe
interactions between aircraft, the terrain and
weather hazards20• The bubble around each
aircraft encompasses its future possible
positions in a maximum of 10 minutes, given
the .current aircraft velocity and heading
(denved from successive positions), and
describes these positions using a probability
distribution. The interaction between the
variables, i.e. the aircraft, weather hazards
and terrain, allows for the calculation of a
collision probability, the most probable
collision position and time of collision. If a
certain collision probability exceeds a given
l~vel, the pilot receives an aural warning.
Simultaneously a warning signal (e.g.
"caution", "warning" or "emergency")
appears on the pilot's display and a
communication link between the involved
aircraft is automatically opened. In addition,
an escape manoeuvre is suggested to all
involved aircraft, taking into consideration
terrain and weather data as well as the
current heading, priority and projected
course of all aircraft within the bubble.

4-2.3 Collision Detection and
Avoidance Procedure

DETECTION AND DECISION

MAKING

All aircraft equipped with ThirdEye transmit
their ID, time and position data with 10 Hz
21
fn~quency and their flight plan and priority
With 1 Hz frequency to the ThirdEye regional
centre (Refer to Section 4.3). The centre stores
the information, accesses the Digital
Elevation Model (DEM) and w eather

4-2.1 Specifications
The main specification of ThirdEye detection
and decision making algorithm is that the

ThirdEye will guarantee, within a margin of
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database and processes the information to
determine if any potential collision situation
exists. The collision avoidance calculations
are performed at 10 Hz frequency. If no
potential collisions are detected, the regional
ThirdEye centre sends back to each aircraft,
information (ID, position and velocity)
pertaining to other aircraft that are within its
10 minute safety bubble with a 6 second
refresh rate. This rate has been selected on
the basis of trying to minimise the flow of
information due to communication capacity
constraints and the fact that the pilots do not
need more frequent data updates if there is
no danger.

sending the information as packets. Due to
the positioning accuracy limitation, the
calculated collision time and position are also
average values. Monte-Carlo simulations
with generic cases may be used to determine
the error on the collision calculation,
however this has not been performed due to
the time restrictions in a pre-Phase-A study.
(See example in Appendix E.)

In the first level of detail the regional
ThirdEye ground centre can be described as a
black box data processing unit as outlined in
Figure 4-2.1.

4-2.4 Safety Bubble Concept

If a possible collision is detected, ThirdEye

verifies that the collision will still exist after
the next four aircraft positions are received.
This reduces the number of distracting false
alarms sent to the pilot. If the collision
warning persists, the system classifies it as a
potential danger. At this point, the
information of the involved aircraft (or other
hazard) is sent with 1 Hz frequency (the
information includes ID, current position and
velocity, and collision probability, time and
position). The information of the aircraft that
are not involved in the potential collision
continues to be sent at the 6 second refresh
rate. The advantage of this procedure is that
the information about the hazard is updated
quickly while bandwidth is not wasted on
sending data about uninvolved aircraft. The
different refresh rates may be realised by

As stated earlier, a safety bubble surrounds
all aircraft equipped with ThirdEye. The
radius of the bubble is defined by the
distance the aircraft would travel in 10
minutes (when in flight) with its current
velocity. Within this bubble, ThirdEye detects
possible collisions.
A safety bubble consists of shells at different
time steps (i.e. 100 intervals in 10 minutes= 6
second interval) which describe the future
position probability taking the current
heading, autopilot information (next 10
minutes of the flight plan) and weather data
(possible air pockets, thunderstorms) into
account. All terrain is assigned a 100% crash

Input: From all ThirdEye·equipped aircraft, Weather and
DEM centres and Manufacturer's Database
· Digital Elevation Model (DEM )
·Weather Database
·All aircraft's time , po sition,ID , priority, flight plan
· Manufacturer's Initial Probability bubble

I

~
Ground System: Black Box

I

t
Output: To all ThirdEye·equipped aircraft
·Position, velocity and ID of the other
aircraft, terrain and weather hazard data within
a l O· minute bubble.
·Collision probabilities , time s and positions
when a potential collision is detected.
·Suggested escape maneuvers

Figure 4-2.1 Flowchart of the Collision Avoidance System (ThirdEye) Algorithm.
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probability w ith the exception of the runway
area where takeoff and landing are
performed.

5%

80%

The predicted future position of the aircraft is
described using d ifferent probabilities that
are spread over the surface of each time shell

5%
Change of course

Figure 4-2.2 Autopilot Bubble Trajectory Modification.

5%
5%

5%

Cessna example

~~~~t==t~90%

Concorde example

Figure 4-2.4 Bubble examples.

5%

5%

80% 5%

80%

Figure 4-2.3 Spread of Probability Ratio due to Weather Conditions.
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at a certain ratio. These ratios mainly depend
on the manoeuvrability of the aircraft. For
example, a Concorde at extreme velocities
will have a very narrow corridor with a
probability of some 99% in the direction of its
heading, whereas a Cessna, being much more
manoeuvrable, will have a wider corridor of
high probability in the direction of its
heading. Sample bubbles are shown in Figure
4-2.4. These initial bubbles have to be
provided by the aircraft manufacturer, and
are to be stored in a ground system database
which will be accessed by ThirdEye
algorithm.

Terrain Collisions
A flight may be split into three successive
phases: takeoff (phase A), cruise (phase B)
and landing (phase C). The different phases
are shown in Figure 4-2.5.
Due to possible false alarms, takeoff and
landing phases require changing bubble sizes
to take into account the position of the
aircraft and accommodate for the close
proximity of the terrain. For example, due to
the limited accuracy of terrain models and
aircraft position data, the system might
indicate a constant collision threat when the
aircraft is on the ground or is taking off and
still has a very low altitude. In order to
remove these distracting warnings, the
terrain collision detection portion of the
algorithm is switched on when a certain
altitude (i.e. 10 meters as specified for the
positioning accuracy and DEM) has been
reached. Initially, the radius of the bubble is 0
minutes. The radius then gradually increases
to a maximum of 10 minutes when cruising
altitude is reached. During the cruise phase
the radius is kept at 10 minutes.

A 10-minute bubble can cover a very large
area (for example, a Concorde flying at Mach
2 would have a bubble with a radius of 300
km). Therefore, flight plan information about
any changes in the flight heading have to be
taken into account. This changes the
probability ratios when the aircraft alters its
course (Figure 4-2.2). If no flight plan
information is available, the system
automatically spreads the probability
distribution.
If an aircraft enters adverse weather
conditions, the probability of not maintaining
its planned course has to be considered. This
also results in a rearrangement of the
probability ratios. In order to compensate for
position uncertainty, the high probability
ratio of the aircraft's future position will
increase in size with respect to the lower
probability ratios (Figure 4-2.3).

When the landing phase begins, the radius of
the bubble starts to decrease as the aircraft
approaches the runway. The radius
corresponds to the distance left to reach the
runway. Once the aircraft is at 10 meter
altitude and has less than 80% of the landing
speed (this number has to be confirmed
during later phases of the project), the terrain
off.
collision
algorithm is switched

4-2.5 Bubble Dynamics for

19

Texier, C. et al., Mission Analysis of a Second
Generation GNSS, ESA/ ESTEC Contract n o

Bubble size
Phase A

Phase C

Phase B

:ull 10 minutes

< 80% of la nding speed
10 meters +--""'

igure 4-2.5 The size of the safety Bubble during the different flight phases.
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4-2.7 Collision Detection
Note that the aircraft-to-aircraft collision
algorithm is always active at the full bubble
size.

In order to detect a possible collision, the
different bubbles are overlaid using the same
corresponding time shell, and the collision
probabilities are evaluated. The algorithm
checks for the highest collision probability at the
soonest collision time (i.e. the smallest time
shell). Figure 4-2.8 shows the example of an
aircraft-to-aircraft bubble collision. The
highest collision probability is in the
direction of the velocity vectors (90%) and
the smallest time shell overlap is found at 8
minutes. Therefore, the collision probability
may be calculated using the product of both
probabilities while considering the future
position probability of both planes (90% x
90%) at a collision time of 8 minutes from the
current position.

4-2.6 Collision Detection and
Avoidance Algorithm (Ground
System Data Processing)
The algorithm is processed by the ground
system and is separated into different tasks
as shown in Figure 4-2.6. Information of all
aircraft, such as the ID, time, position, status,
priority of flight and autopilot information (if
available), is collected and stored in a realtime aircraft database. The initial probability
bubble is stored in a separate manufacturer's
database that can be accessed using the
aircraft's type as a key. If autopilot
information is available, the bubble's
trajectory is modified as outlined in Figure 42.2. A near real-time weather database is
used to input the appropriate weather
conditions that are within the proximity of
the aircraft. According to that data, the
bubble probability is spread as shown in
Figure 4-2.3. This can be done with
computational techniques such as Particle-InCell, Multigrid or Tree Methods22• All the
data mentioned above, as well as the DEM, is
the input for the main collision verification
procedure. This routine checks for aircraft-toaircraft, aircraft-to-weather, and aircraft-toterrain collisions. The output is then made
available for transmission as deemed
appropriate.

The collision point may not always be at the
smallest time shell. Figure 4-2.9 shows an
example of another possible aircraft-toaircraft bubble collision where the aircraft are
not flying directly towards each other but at
an angle. The example shows that in this
case, the highest collision probability (90% x
90%) is found at 9 minutes from the current
position instead of 8 minutes where the
collision probability is only (5% x 5%).
Figure 4-2.10 shows an aircraft bubble in
proximity to terrain and weather hazards.
The weather hazard is a bubble of a defined
radius (determined by the weather data) with
a homogenous collision probability which is
defined by the threat of the phenomena with
respect to the aircraft type (i.e. Cessna,
Concorde, Boeing 747, etc.). The DEM always
represents 100% crash probability, except for
the runway data (if available) which has a 0%
collision probability (at the desired landing
and take-off sites).

Figure 4-2.7 breaks down the collision
detection procedure into more detail, in
order to better illustrate the important steps
in the algorithm. The aircraft and weather
bubbles are overlaid with possible terrain
data in order to see if a collision will occur.
After determining the type of collision which
may
occur,
the
required
collision
probabilities are computed. This is the input
parameter to decide the required course of
action. If the collision probability exceeds a
certain percentage (Xl), a command
"establish communication link" is sent to the
aircraft. If the probability exceeds the higher
percentage (X2), an escape manoeuvre is
calculated for all involved aircraft.

MSS97/98
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Figure 4-2.7 Flowchart of Collision Checking Procedure.
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would normally lead to a collision threat
after avoiding the first terrain collision.

4-2.8 Escape Manoeuvre
Algorithm

4-2.9 Hand-over procedure

Each aircraft involved in a potential collision
situation is provided with a suggested new
heading to avoid the collision (or if the time
to the collision is short, a command of "pull
up", "go down", "tum left", "tum right",
"speed up" or "slow down"). The algorithm
assumes a change of heading according to
the listed possible manoeuvres provided, and
calculates the collision probability 1 minute
from the current position for all manoeuvres
and all involved aircraft. The solution is the
smallest collision probability and the
manoeuvres are assigned to all involved
aircraft. Due to the probability distribution,
the DEM and weather data, the solution is
valid for all cases. The algorithm also takes
variations of the terrain data into account
and can therefore avoid collision sequences
(e.g. warnings of terrain collisions in 5
seconds, 7 seconds, 9 seconds, etc., when an
aircraft is climbing away from terrain) that

When an aircraft crosses the border between
two ThirdEye regions, a hand-over
procedure is needed. This procedure is
shown in Figure 4-2.11.
Initially, the aircraft is tracked and controlled
b y ThirdEye 1 centre. When the aircraft
crosses point A, ThirdEye 2 starts tracking it
but ThirdEye 1 still has control. Thus,
telemetry from the aircraft will be sent to
both centres. This way, ThirdEye 2 can take
the incoming aircraft into consideration when
calculating its collision algorithm with
aircraft already within its control area. When
the aircraft crosses point B, ThirdEye 2 starts
controlling the aircraft and ThirdEye 1 will
continue tracking it until the aircraft crosses
point C. This confirmation of hand-over

10 minute collisi on point

\

__,;--*
v

8 minute collision point

Figure 4-2.8 Aircraft-Aircraft Collision Example 1.
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9 minute co llisi o n
S elec ted : P r obability : 9 0%x90%

10 minute col lisi on
P robabili ty : 5 %x5%

Figure 4-2.9 Aircraft-Aircraft Collision Example 2.

control is exchanged over dedicated
communication lines. The tracking area of
each region extends to 300 km beyond the
physical regional boundaries (to account for
the 10 minute specification with an aircraft's
maximum speed of Mach 2). A similar
process occurs for aircraft travelling in the
opposite direction.

database requirements are considered here,
specifically the central processing unit (CPU)
time (processing power) and the amount of
main computer memory.
CPU time
23

Assuming that each of the four procedures
in the ground system data flow chart (Figure
4-2.6) needs on average 10 computer cycles
(CC) and the collision detection process
requires 50 computer cycles on average per
aircraft, the whole algorithm needs a
maximum of 90 CC per aircraft. With solid
state memory access times of nanoseconds
(which corresponds to the CC time of a GHz
computer architecture), the time to handle
5000 aircraft by each regional ThirdEye
centre is 0.5 ms. This assumes only solid state
memory and no disk storage, which needs
three orders of magnitude more access time.
This assumption is valid considering current
memory capabilities (several hundreds of
Mbytes) and future developments. Since the
algorithm has 100 ms to complete the
calculations before the next data set is

It has been assumed that the probability of an
accident occurring exactly at the border of
these two regions is negligible. Note that the
above scenario could occur in more than two
intersecting ThirdEye regions. In such cases
the involved centres are updated in a similar
manner.

4-2.10 Ground Segment
Hardware
The ground hardware needed for the
algorithm system consists of a computer,
databases and a communication system. The
communication system is described in
Section 4.3. Only the computer design and
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VVeather Hazard

Digital Elevation Model (DEM)

Figure 4-2.10 Aircraft Bubble in Proximity of Weather and Terrain.

received, the CPU time is not seen as a
problem.
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The total amount of DEM and weather data
that has to continuously be in the computer
main memory of one ThirdEye centre is 30-40
Gbytes (Refer to Section 4.4).
Current computing technology

Considering current high-end workstation
architectures that can handle 16 Gbytes of
main computer memory (Silicon Graphics
Power Challenge XL R10000) the 40 Gbyte
memory requirement is feasible. The costs of
a similar workstation can be estimated to be
around $500 000 (in 1998) which includes all
raid, interleave and backup capabilities.

Selected References

Hackney, R.W., Eastwood, J.W., Computer
Simulation Using Particles, Institute of
Physics Publishing, 1994
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4-3

In order to obtain the capacity requirements
for these links, this subsystem takes into
account the amount of information
transmitted and received by the different
entities in the system. This information is
provided by the corresponding ThirdEye
subsystems and can be summarised in the
following data flows24 :

COMMUNICATION

4-3.1 Introduction
The following details the communication
subsystem
designed
to
fulfil
the
communication requirements of the ThirdEye
system by 2015. First, the communication
subsystem and design requirements are
described, and the data rates needed to
provide the information at the correct time
are calculated. Then, the present situation
will be presented through a brief
introduction of the existing mobile
communication systems which are able to
fulfil these requirements. Finally, the main
parameters and dimensioning of the
ThirdEye communication subsystem are
discussed based on a comparison with the
current systems and on capacity estimations
for the year 2015.

•

02 is the flow of data from the weather
centres to the ThirdEye centre. It consists
mainly of satellite images and weather
prediction models.

•

03 is the data flow from GIS centres to
ThirdEye centres. This flow mainly
contains updates of the Digital Elevation
Models (OEM).

•

OS is the data sent by the ATC centres to
the ThirdEye centre, and consists of the
aircraft flight plans.

•

06 is one of the more important data
flows. The ThirdEye centre sends
information to the aircraft concerning
terrain and weather obstacles and other
aircraft.

•

07 is the data flow with the highest
p riority. The aircraft send to the ThirdEye
centre their position, status and any flight
plan updates.

•

09 is the information flowing from the
ThirdEye centre to the A TC centres. In
this
data
flow,
general
aircraft
information and collision information is
exchanged.

4-3.2 Communication
Subsystem Design
Requirements
4-3.2.1
Communication Subsystem
Description

According to the ThirdEye functional
specification (Refer to Appendix B for
details), the communication subsystem shall
provide global coverage between the
ThirdEye centres and all aircraft, as well as
different ground centres such as weather, GIS
and ATC.

The information is coded into bits. The data
rates are then calculated for the different
links between the ThirdEye components,
taking into account the different refresh rates
needed for the type of information to be
exchanged (refer to section 4-2 for details, as
well as Figure 4-3.1).

In this subsystem, there are two main
communication components: air and ground
communication links. The air communication
links provide communication between all
aircraft and the ThirdEye centres worldwide
including the polar regions. Here, the aircraft
will be mobile users while the ThirdEye
centres are fixed. The ground communication
will link the ATC centres, weather and GIS
providers to the ThirdEye regional centres.

The refresh rates used for the ThirdEye are
1/6 Hz for information with nominal
priority, 1 Hz for high priority information
and 10Hz for very high priority information.
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of flight data
as en tered

Weather
Centre

Figure 4-3.1 Communication Subsystem Data Flow

In the following sections, the data rate
requirements for the air and ground
communication links are detailed. For all
data rates, an overhead of 10% for
transmitted frame headers and 15% for error
correcting coding is applied.
4-3.2.2
Air
Requirements

Communication

The communication protocol for this
configuration may be summarised by stating
that the aircraft primarily sends their
identification and position to the ThirdEye
regional centre. Then, after having processed
all the information provided, the Regional
ThirdEye centre responds with information
about each aircraft, the w eather, and terrain
obstacles that are within its 10 minute
bubble. Whenever an aircraft sends data to a
Regional ThirdEye centre, the centre sends
back an acknowledgement even if the aircraft
has no potential obstacles around it. This
allows detection of possible communication
failures. When a ThirdEye regional centre
sends a collision avoidance strategy to the

Links

The air communication links deal with the
information exchanged between aircraft and
the ThirdEye regional centre. These links
reflect a typical star shaped network
configuration, where the aircraft are mobile
users and each ThirdEye regional centre is a
'hub station' (refer to Figure 4-3.2).

Figure 4-3.2 ThirdEye Star-Shaped Network Configuration.
MSS 97/ 98
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aircraft involved in a potential collision, the
aircraft automatically responds with an
acknowledgement. These acknowledgements
are included in the headers of the data frame
and in the priority I status field, respectively.

sends back detailed information about all
other aircraft in the 10 minute bubble when
there is a possibility of collision. If there is no
potential danger of collision, only the header
of the data frame is sent as an
acknowledgement. In the former case, the
information concerning weather and terrain
obstacles as well as detailed data about all
aircraft surrounding that particular aircraft is
included.

4-3.2.2.1
Data Rate from the Aircraft to
the ThirdEye Centre
In this data flow (D7 on Figure 4-3.1), each

Since weather phenomena normally develop
fairly slowly (except in some cases like
tornadoes), the system needs only to update
the weather information that the aircraft will
encounter within the next 10 minutes (Refer
to Figure 4-3.3). In these calculations only
the nominal and high priority refresh rates,
as described in Section 4-3.2.1, are applied.

aircraft sends to the ThirdEye centre its
identification, position and time mark 10
times per second; each aircraft also sends its
flight path and priority I status information
every second. As shown in Table 4-3.1, this
constant data rate totals approximately 2.5
25
kbps • The velocity does not need to be
transmitted because this is calculated b y the
algorithm in the ThirdEye centre, using the
time mark and position data sent by the
aircraft.

In order to transmit the weather information,

it is necessary to analyse this data to arrange
it in a suitable way for transmission.

Taking into account that this information is
sent by a maximum of 5000 aircraft flying
over
a
single
ThirdEye
region
simultaneously2h, the total flow of data
received by the ThirdEye regional centre is
about 12.5 Mbps (2483 bps x 5000 aircraft).

28

Defining the minimum size of a weather cell
3
as 5 km (125 km ), the maximum width of the
area needed to be updated is 300 km. With a
velocity of Mach 2 an aircraft covers abou t
4.2 km in 6 seconds. This is less than 5 km
and therefore, only 1 cell per 6 seconds needs
to be updated in the direction of flight. In the
vertical direction there are 3 levels (0-5 km, 510 km and 10-15 km). Hence, the total
number of cells encountered in 6 seconds is
180.

4-3.2.2.2
Data Rate from the ThirdEye
Centre to the Aircraft
In the case of this data flow (D6 on Figure 4-

3.1), the ThirdEye centre processes the
information received from the aircraft, and

Since not all of these weather cells are going
to contain a significant weather phenomenon,

Table 4-3.1 Information Provided by each Aircraft to the ThirdEye Centre.
Updated with 10Hz
Aircraft ill
Time Mark
Position
Subtotals

Bits/sample
16
32
64
1120

Total

Updated with 1 Hz
Priority /Status/ Ack.
Flight plan

Bits/ sample
8
400

27

408
1528
1910

Adding 25% for coding and headers
2483
Total with 30% of Project Margin
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it is more than adequate to consider only 30
new weather cells for every 6-second refresh
interval.

bytes (position-S, time-2, and probability-1).
Since the refresh date is 1 Hz, then the bit
rate is SS bps (refer to Table 4-3.2).

For transmission purposes, each weather cell
needs 27 bytes (type-1, severity-1, position-S,
velocity-3,
size-3,
collision
position-S,
collision time-2 and probability-1). The bit
rate needed for weather information is
therefore, 10SO bps (Refer to Table 4-3.2).

For these different obstacles, when a collision
is detected the suggested heading is
transferred from the ThirdEye centre. This
can be either angles of new elevation (S bits)
and azimuth (16 bits) or a command to
'speed up', 'slow down', 'go up', 'go down',
'go left' or 'go right'. Therefore, the data rate
for the suggested collision avoidance course
is 24 bps (refer to Table 4-3.2).

For the 200 aircraft that are w ithin the 10
minute safety bubble29, the following bit

When taken together (as shown in Table 43.2), the total bit rate for communication
between a ThirdEye centre and an aircraft is
around 10.5 kbps, adding a 25% margin for
coding and headers and a 30% project
margin.
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Taking into account that the information is
sent to at most 5000 aircraft flying over this
32
ThirdEye region at the same time , the total
flow of data sent by the ThirdEye centre is 52
Mbps (10.409 kbps x 5000). However, this
data rate varies widely from one aircraft to
another
depending
on
the
hazards
surrounding it. Therefore, for d imensioning
and costing of this communication link, it is
estimated that of the total number of aircraft
within a ThirdEye region, only 40% have the
potential of being in a collision scenario at
any given moment. Only these will require
the full data rate (10.5 kbps) transmitted.
Considering this, the total data rate becomes
approximately 20 Mbps and the average data
rate received by each aircraft becomes 4
kbps.

~
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Figure 4-3.3 Weather Data Update (Birds-Eye
Perspective

assignment has been determined: ID-2,
position-S, velocity-3, collision probability-1,
collision time-2 and collision position-S. The
collision related information is only sent
when there is a high potential danger of
collision30 • Considering a maximum of 190
aircraft around each aircraft with a low or no
potential of collision (nominal priority
refresh rate) and 10 aircraft with high
potential danger (high priority refresh ratet,
the data rate n eeded to send this information
to that particular aircraft is about 5.3 kbps
(3293+1920 bps; refer to Table 4-3.2).
The system will only have to transfer one
ground collision update (the one that is
closest) at a time. This collision needs 11
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Table 4-3.2 Maximum design rate of the data sent to the aircraft.

Weather
Cell size
5000 m
(125 km3)
N umber of cells in:
Width direction
60
(300 km area 5000 m resolution)
Length direc tion
1
(M2 speed (700 m/ s), cell every 5000 m)
H eigth d irection
3
30
Total number of weather cell
Bits/cell
216 type-S, severity-8, position-64, velocity-24, size-24
collision position-64, collision time-16, probability-8
Refresh rate
0.17 times/ s
Bit rate
1,080

Other aircraft
Normal priority
Number of aircraft
Bits/ aircraft
Refresh rate
Bit rate

190
104 ID-16, position-64 (x-24, y-24 z-16), velocity-24
0.17 times/ s
3,293

High priority
Number of aircraft
Bits/ aircraft

10
192 ID-16, position-64, velocity-24, collision probability-8
collision time-16, collision position-64

Refresh rate
Bit rate

1,920

Terrain collisions
Bits/ collision
Collisions at one time
Refresh rate

88 position-S, tirne-2, probability-1
1

Bitrn~

M

Collision heading change
bits/ change
~fr~hrn~

24 elevation-1 an d azi.muth-2
1

Bitrn~

M

Total
Total data including 25 % headers and coding, ...
Total with 30 % project margin
4-3.2.3
Ground Communication Links
Requirements
4-3.2.3.1
Data Rate from the ThirdEye
Centre to A TC Centres

6,405 bitfs
8,007 bitfs
10,409 bit/s

Since there are many A TC centres in each
region, the maximum number of aircraft in
the control area of one A TC is assumed to be
at most 500 aircraft at a given time33 •
Therefore, the maximum input data rate to
each A TC is 430 kbps (559 kbps with 30%
project margin).

The ThirdEye centre sends to the appropriate
ATC centre all information necessary about
aircraft involved in a potential collision
within the control area of that ATC (data
flow 09 on Figure 4-3.1). The information
sent for each aircraft is shown in Table 4-3.4.

As stated in Section 4-3.2.2.2, for
dimensioning and costing purposes, it is
considered that only 40% of the aircraft will
be in a potential danger of collision at a given
time. Therefore, the collision information rate
of each aircraft (144 bps) decreases up to 58
bps. Considering this, the total data rate
delivered by the ThirdEye centre to the ATC

Assuming 1 Hz refresh rate with an
additional 25% margin for coding and
head ers, the maximum data rate out of one
ThirdEye for 5000 aircraft is 4.3 Mbps (5.59
Mbps with a 30% project margin).
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Table 4-3.4 Aircraft data from ATC to ThirdEye centre
Information
ID
Time Mark
Position
Velocity
Flight Plan
Priority /Status inf.

Bits
16
32
64
24
400
8

Subtotal General information

544

Collision inf.:
Estimated Time
Position
Probability
Suggested A voidance Course

16
96
8
24 34

Subtotal Collision information
Total
Adding 25% Coding and Headers
Total with 30% of Project Margin

144
688
860
1118

centres becomes 4.89 Mbps and the average
to each ATC is 489 kbps.

Information on aircraft that are not using
ThirdEye can be obtained by the ATC
through means of ground radar and other
A TC systems. The ThirdEye uses this
information to suggest better collision
avoidance courses.

4-3.2.3.2
Data Rate from ATC Centres to
the ThirdEye Centre
Every ATC centre sends to its ThirdEye
regional centre the identification, position,
velocity and original and updated flight plan
of the aircraft that are not equipped with
ThirdEye. For aircraft using ThirdEye
services, if they are equipped with an
autopilot, only the original flight plan is sent
from the ATC. If they are not equipped with
an autopilot, the original flight plan and
future updates are sent to ThirdEye by the
ATC.

Table 4-3.3 shows the data flowing from ATC
to the ThirdEye centre (data flow D5 on
Figure 4-3.1).
Assuming that every ATC transmits the
information of 500 aircraft in blocks of 50
aircraft every second, the data rate required
between each ATC and the ThirdEye centre
is at most 44.2 kbps (50 aircraft per second x
884 bits per aircraft at most).

Table 4-3.3 Aircraft Data from ATC to ThirdEye Centre
Information
Aircraft ID
Time Mark
Priority /Status
Flight plan update
Non-ThirdEye Aircraft:
Position
Velocity
Total
Adding 25% for coding and h eaders
Total with 30% Project Margin
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Bits
16
32
8
400
64
24
544
680
884
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If all ATC centres control at most 5000

4-3.2.3.4
Data Rate from GIS Centres to
the ThirdEye Centre

aircraft, then the data traffic between a single
ThirdEye regional centre and all ATC centres
in its region is approximately 442 kbps.

Since this exchange of data (D3 on Figure 43.1) may be incremental and should be done
whenever there are ch anges in the database,
the link to be established between both
centres can be easily substituted by an
exchange of information via storage devices.
Therefore, data rates calculations are not
considered for this.

4-3.2.3.3
Data Rate from Weather Centres
to the ThirdEye Centre
In order to determine which weather cells are
significant, the ThirdEye system needs input
data from weather centres. This data comes
in two forms: satellite images and weather
prediction model data.

Table 4-3.5 summarises all the data rates
requirements for the ThirdEye.

For satellite images, by the year 2015 weather
35
satellites will have 1 km ground resolution •
NOAA satellites currently cover the whole
earth 7 to 9 times per day; METEOSAT
satellites can give a weather image of Africa
and Europe every 30 minutes. The satellite
data required for one region is about 56
Mbytes (1 km resolution, 8 bit data, one ninth
of Earth surface). If updated every 30
minutes, the data rate with 25% compression
(4 to 1) and adding a 25% margin for the
required coding and headers is 78 kbps.

4-3.3 State of the Art of Mobile
Communication Systems
4-3.3.1
Traditional Aeronautical
Communication Systems
Traditional aeronautical communication links
are implemented by VHF radio. Current VHF
data links in use by airlines are capable of a
net data rate of 600 to 1000 bps, while an
improved VHF data link has been proposed
with a net data rate of 5000 to 8000 bps (in
this context, the net data rate refers to the
useful part of the actual data delivered to all
the involved users after all communication
protocols and error-protection over-heads
have been removed).

With regard to weather prediction model
data, the horizontal resolution for current
numerical weather prediction models is 2.5
km. In the vertical direction there are 17
levels from 0 to 12 km. For one region this
gives about 154 million data points. With 8
bit data and 9 weather parameters, the total
amount of data is 1.4 Gigabytes. Transferring
this (with 4 to 1 compression and adding a
25% margin for coding and headers) in 30
minutes requires a data rate of about 2 Mbps.

Mode S data links are the most advanced
way of communicating using ~ • A Mode
S sensor is capable of transmitting 1500 bits
of data to an aircraft equipped with a Mode S
data link transponders every time the
antenna beam passes. A typical Mode S
terminal antenna, with a rotation period of
approximately five seconds, is capable of
delivering an average net data rate of 300 bps
within 60 nautical miles of coverage. For a
7

From these two inputs, the total traffic from
the regional weather centres regarding the
weather conditions for the whole ThirdEye
region, is 2.7 Mbps including the 30% project
margin.

Table 4-3.5 ThirdEye data rates requirements
Data Links of ThirdEye System
Aircraft to ThirdEye Centre
ThirdEye Centre to Aircraft
ThirdEye Centre to ATC Centres
ATC Centres to ThirdEye Centre
Weather Centres to ThirdEye Centre
GIS Centres to ThirdEye Centre

Link Requirement (kbps)
2.5 (125oot
10.5 (52000)
5590
442
2700

-
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realistic distribution of aircraft requesting
data link service (about 200), a single ModeS
sensor is capable of transmitting at a net data
rate of more than 60 kbps. This means that a
Mode S sensor can deliver as much data as
sixty current VHF channels or eight proposed
improved channels.

Assuming that every telephony channel is 32
kbps, the total capacity for each satellite is
144 Mbps. The system is designed to have
two satellites in view at any given time in
order to increase the probability of
uninterrupted communication links.
4-3.3.3
Comparison of Satellite
Communication Constellations

The utility of Mode S data link depends upon
the services provided to the pilots. Two
Mode S data link applications, Traffic
Information Service (TIS) and Graphical
Weather Service (GWS) have been developed
to provide the pilot with a situational
awareness of traffic and weather.

With regard to constellation systems, GEO
satellite systems inherently have wide
coverage and high capacity. Theoretically
three GEO satellites are needed to cover the
world except in high latitude regions.
However, normally most systems use a
constellation of 4 GEO satellites to insure
good communication links near the equator
zones.

The VHF communication system does not
offer global coverage. A significant number
of smaller airports located some distance
from the nearest Mode S sensor will not have
coverage below an altitude of approximately
610 m because of the antenna installation
cost.

Existing GEO satellites have a large
communication capacity. For example,
INTELSAT VI has 12 transponders at
36MHz, 2x41MHz, 32x72MHz, 2x77MHz and
41
2x150MHz • However, GEO satellites have
communication problems with regard to
mobile services, besides the high latitude
coverage
problem
mentioned
above.
Receiving antennae for the GEO data usually
have 20-30 dB gain to compensate for the
large free space loss due to the high altitude
of the satellites. For this reason, existing GEO
satellites are mainly used for Broadcast or
Fixed Satellite Systems. However, the
possibility of using GEO for mobile users
with this type of antenna has been
demonstrated by the INMARSAT ill system.

Satellite-Based Mobile Satellite
4-3.3.2
Communication Systems
There are not many existing systems that
follow ICAO Air Traffic Services standards.
In this section, only those systems that can be
used
for
aeronautical
mobile
telecommunication services are introduced:
INMARSAT: The INMARSAT ill system is
the only GEO system that provides
aeronautical
mobile
telecommunication
services. The capacity per transponder is 34
MHz. The data rate per single user is
between 0.6 and 10.5 kbps with a cost of $0.3
38
per kbps •

Regarding GEO satellite coverage, it is
important to note the high elevation angle
between the user and the satellite, and the
increase in the free space losses due to a
longer path within the atmosphere, which is
subject to rain attenuation. These issues make
the use of GEO satellites to cover these
regions difficult, even by 2015. The power
and size of antennae needed for both user
and spacecraft is much larger than the one
for LEO or MEO systems. The satellite
providers might be able to increase the
power of a GEO spacecraft to cope with this
problem in the future. However, according to
ITU Radio regulation, there is a limitation of
the power allowed on any point of the
Earth's surface radiated from the spacecraft,
in order to avoid interference to existing or

IRIDIUM: The IRIDTIJM system will also
provide aeronautical services. The planned
data rate will be 2.4 kbps with a cost around
39
$3 per minute / $0.02 per kbps • Further
generations of IRIDWM are projected to have
10-100 times more capacity.
ICO: The planned ICO system will provide
aeronautical services as well. The proposed
data rate is 4.8-38.4 kbps per user with an
estimated cost of $1-$2 per minute ($0.00065$0.005 per kbps). Each satellite is d esigned to
40
support at least 4500 telephony channels •
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Figure 4-3.4 Communication Links and Requirements of the ThirdEye
future systems. One additional problem with
using CEO satellites is the approximate 0.5
second delay for two-way communication.
Even this small delay can be critical for time
sensitive operations.

Medium Earth Orbit (MEO) satellite systems
need more satellites for global coverage than
CEO but less than LEO. Regarding power,
MEO system transmitters and receivers
require less power than CEO but more than
LEO systems. The delay for two-way
communication through MEO orbit is also
approximately 0.1 seconds.

Low Earth Orbit (LEO) satellite systems on
the other hand have many advantages. These
advantages include better elevation angle,
less free space loss (which means less power
needed on the aircraft) and less propagation
delay. The most important one lies with the
power budget. Due to the low satellite
altitude, users can use small, omnidirectional antennae to transmit and receive
signals. This factor is extremely important for
aeronautical services because on aircraft, it is
more suitable to install a small antenna due
to aerodynamic concerns. Additionally, the
delay for two-way communication through
LEO satellites is less than 0.1 seconds.

4-3.4 Communication
Subsystem Design
The link design for the communication
subsystem must fulfil: the requirements,
availability and reliability of communication
links and the cost of implementation should
be as low as possible.

LEO satellite systems have disadvantages as
well. More satellites are needed to cover the
entire Earth's surface, often with complicated
inter-satellite links and satellite control, and
they have lower capacity compared with
CEO satellites.

Figure 4-3.4 shows the communication links
and their data rate requirements. The air
communication links include data flows D6
and D7. Links such as D2, D3, DS and D9 are
ground communication links.
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Table 4-3.6 Feasibility of suitable satellite mobile communication systems
System

Applications

Capacity per user

INMARSAT
(GEO)
IRIDIUM
(LEO)
ICO
(MEO)
Future QN Band
satellite system

aeronautical
mobile
satellite services system
mobile satellite services
for telephony
mobile satellite services
for tel~hoi!Y> data, etc.
broadband mobile satellite
services for telephony,
video, etc.

0.6-10.5 kbps

Communication link design is based on the
information in Section 4-3.2. Compression
techniques may be applied to the ThirdEye
data being transmitted in order to reduce
bandwidth for communication links and thus
to reduce the cost for these links. However,
the performance of compression techniques
with a low amount of data, like ThirdEye
data rates, may not have efficient processingtimes
4-3.4.1

4.8-38.4 kbps

No
(small capacity)
Yes

8Mbps

Yes

is feasible for a LEO or MEO
communication
system
to
provide
communication in polar regions. The
IRIDIUM system does not meet the ThirdEye
communication requirements at the present.
The reo system, however, can cope with
ThirdEye
capacity
requirements.
For
example, assuming 144 Mbps per satellite
(refer to Section 4-3.3.2) the capacity required
by ThirdEye is only 44% of the capacity of
one satellite in the ICO system. Furthermore,
by 2015, it is foreseen that the capacity of an
ICO comparable system will increase at least
10 times, bringing the ThirdEye usage down
42
to 4.4% of the whole communication system.
It

Air Communication Links Design

The capacity of VHF communication, which
is widely used today in aeronautical
communication (refer to Section 4-3.3.1), is
not large enough to satisfy the entire
communication
requirement
for
the
ThirdEye. In addition to this, VHF
communication cannot provide global
coverage. Therefore, satellite communication
systems become the most effective choice for
ThirdEye communication.

It is clear that the total communication

capacity required by the ThirdEye is not
large enough to consider implementing a
dedicated satellite communication system by
2015. Currently planned LEO/MEO satellite
mobile communication systems can satisfy
the ThirdEye requirements. Future systems
will undoubtedly fulfil all the ThirdEye
communication needs by 2015.

The capacity of the INMARSAT ill falls
within the ThirdEye outbound downlink
data rate requirement of 10.5 kbps from the
regional ThirdEye centre to an aircraft.
However, even a slight increase in the
ThirdEye data rate requirement make the
INMARSAT ill system incapable of meeting
the system needs. Apart from this, a GEO
constellation is not able to cover high
latitudes, and the power requirements for the
transmitter I receiver onboard the aircraft will
be higher than the ones for a MEO or LEO
system.

MSS97/98

2.4 kbps

Feasibility
(ThirdEye 10.5 k~s)
Yes but in the limit

It has been concluded that the most effective

solution for the ThirdEye communication
subsystem would be either a MEO or LEO
satellite constellation service provider that is
compliant with ICAO standards, with high
inclination orbital planes to cover the poles.
The ThirdEye air communication links shall
be
implemented
by
leasing
mobile
communication.
For the chosen MEO /LEO service provider,
assuming that the MEO constellation is the
worst case (with regard to the link budgets),
further characteristics of the onboard aircraft
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communication subsystem
below43:

are

described

rate is justified because the regional ThirdEye
centre has to rapidly exchange with the
weather centre all the relevant information
about the weather conditions in the a rea in
which the aircraft is heading. This
configuration can a lso be applied for the
links between the ThirdEye centre and all the
ATC centres in that region.

Firstly, the antenna used onboard the aircraft
may be either an omni-directional, linear
antenna or a patch antenna. Although the
latter is, today, undergoing extensive
investigations and has not been flightproven, preliminary results from military
tests have showed very interesting results.
Patch antennae are used for both reception
and transmission, using either dual
frequency or polarisation. Parabolic antennae
might be considered on larger aircraft, where
there is enough room for a protective
aerodynamic radome. This is not one of the
primary options, however, because the
antennae are not intrinsically omnidirectional and therefore need a tracking
device, creating additional expenses and
complexity of the system.

Data exchange between the ThirdEye centres
and the GIS providers will be incremental
and are assumed to be done only when there
is a need. Moreover, this exchange does not
need to be in real-time. So, establishing a full
communication link between both centres is
not cost effective.
Therefore,
direct
communication links between GIS centres
and ThirdEye centres shall not be
implemented.
For the links between ThirdEye centres, since
they will only exchange confirmation of
'nominal' operations, limited security lines
for low data rate/voice communication will
be needed.

Secondly, regarding the necessary power for
the onboard equipment based on a case
study, for a mobile transmitter-receiver link,
the power required onboard the aircraft, with
an omni-directional antenna is about 1 W.
Therefore, 1-3 W will be a reasonable power
range for the aircraft's onboard transmitter.
4-3.4.2
Design

Ground Communication Links

Selected References
ICO:
Our
System:
Space
Segment,
<http: // www.ico.com / about/ system/space
seg.htm>, July 14, 1998

For the ground networks, the ThirdEye
centres and ground stations of the satellite
provider may be linked together via highspeed networks (e.g. an Asynchronous
Transfer Mode (ATM)), to cope with the 64.5
Mbps needed b y the normal functioning of
one ThirdEye regional centre. Each ThirdEye
centre is the backup centre of another
region'". In off-nominal situations, a ThirdEye
centre may need to handle twice as much
traffic as for the nominal situation. Thus, the
total communication links between ThirdEye
centres and ground stations need to be up to
128.5 Mbps. This can be achieved using a
stand-by link that has the same capacity as
the primary link.

EUROCONTROL: Satellite Perspectives for
CNS/ATM, Note number 29/97 Task D14,
December 1997

Nelson, R. A.: V-Band: Expansion of
the Spectrum Frontier, Via
Satellite, Vol. XII Number 2, pp.
72, February 1998
Hatzman, J. M .: Wireless Information
Networks,
Kluwer
Academic
Publishers, pp. 282, 1996
Satellite Directory: Phillips Satellite Industry
Directory, 19th Edition, 1997

Links between the ThirdEye centre and
weather centres, may be ensured b y an ATM
network that can convey at least 155 Mbps.
Although the information burden is neither
constant nor heavy, such a high speed data
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Applications for
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See reference Bussolari.
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See reference EUROCONTROL

39

See reference EUROCONTROL

40

See reference ICO

41

See reference Satellite Directory

42

See reference Nelson

43

See Annex D-2

44

See Section -0

Hockney, R.W., Eastwood, J.W., 1994

Assumption based on the low complexity
of the procedures.
ZJ

24

See details about the information and data
link nomenclature used in this section in the
Functional Specification in Appendix B
25

See Annex D-1 for all the calculations of the
required number of bits for each field of the
data transmitted.

26

See assumptions list in Appendix A

27

The transmitted flight plan is assumed to be
composed of points in which a turn into a new
heading is made. The prediction is made 10 min
into the future using (at most) 10 points. One
point will need 5 bytes [2 for time (gives about 10
ms accuracy), 2 for azimuth (360° with about arcminute accuracy) and 1 for elevation (± 90° with
about 1 degree accuracy)].
28
A weather cell is the volume surrounding a
specific weather phenomenon.
29

See assumptions list in Appendix A

30

See Section4-2

31

See assumptions list in Appendix A.

32

See assumptions list in Appendix A.

33

See assumptions list in Appendix A.

34

The suggested collision avoidance course
includes suggested azimuth (16 bits) and
elevation (8 bits) angles or commands to
speed up or slow down.

35

See assumptions list in Appendix A.

36

Figures in brackets indicate the data ra te for
5000 aircraft.
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4-4

DIGITAL TERRAIN
ELEVATION AND WEATHER

4-4.2.2

DATABASE

4-4.2.2.1

4-4.1 Introduction

The DEM database shall integrate the
following three layers of information:
• three-dimensional (3-D) perspective of
the terrain along with elevation
information of airport areas (20x20km
area for each airport with 10 metre
resolution);
• terrain elevation information of all land
surface of the Earth, outside airport areas
(100 metre resolution) and
• elevation information of man-made
obstacles such as major power lines,
water tanks, etc., on a global scale (10
metre resolution).

The digital terrain elevation and weather
databases
provide
the
geographic
information in support of the Collision
Avoidance System. The Digital Elevation
Model (DEM) and weather databases will use
the same gee-referencing system. Currently,
digital terrain elevation database-dependent
avionics are operationally constrained due to
database inaccuracies45, and the lack of
world-wide availability. Similarly, the
current weather dissemination system for
aviation is also unsatisfactory. Independent
or superimposed pictorial display of this
information, along with alpha-numeric data
will enable the pilot to make necessary
decisions to avoid possible collisions.

4-4.2.2.2

Coverage

Data Sources

Since most countries do not have up-to-date
and reliable topographic maps, a global DEM
database cannot be generated from existing
maps. Satellite stereo images are the most
cost-effective data source for this task. Unlike
aerial photography, each pair of satellite
images will cover a very large area (for
example, one IRS 1C or 10 image covers a
70.5 km2 area). At the current level, a global
DEM database can be generated from
photogrammetric data capture (automatic
mode)
based
on
the
stereoscopic
interpretation of satellite imagery (e.g. IRS 1C
or JERS), with a given accuracy. Higher
accuracy can be attained using data from
satellites which will be launched in the next
10-15 years. The database for man-made
obstacles may be created from existing maps
for a number of countries.

4-4.2 Digital Elevation
Database
ADEM represents the Earth's topography in
digital form, providing terrain elevation
information for each point on the Earth. The
integrated DEM will be capable of providing
decision-making information to the pilot,
through ThirdEye , for safe flight as well as
for safe approach on take-off and landing.
4-4.2.1

Specifications and Design

Assumptions

Currently available optical and radar satellite
data can be used to generate a DEM with a
certain level of accuracy due to their low
ground resolution. By the year 2015, it is
assumed that there will be several
commercial satellites in orbit which will
provide better than 1 metre ground
resolution, optical and radar stereo data and
radar interferometry. Consequently, higher
accuracy in the DEM will be possible.

Existing GIS databases such as city master
plans, land use maps, city guide maps,
topographic maps and tactical pilot charts
(TPC) will support the gee-referencing and
validation of the DEM. For areas without
accurate reference maps, gee-referencing can
be carried out using a globally available
positioning system.
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4-4.2.2.3

Data Structure

Avionics systems which depend on digital
terrain elevation data for guidance or
navigation require accurate absolute and
relative distance measurements to the terrain,
especially as they fly at lower altitudes47' 48 •
The height accuracy of a OEM will depend
on the resolution of the satellite data as well
as the resulting OEM resolution. For
example, using SPOT stereo pair which has
10 m ground resolution, it is possible to
produce a DEM with height accuracy of
better than 10 m 49 •

A Triangulated Irregular Network (TIN) data
structure has been chosen for this project as it
is the most efficient data structure for OEM
production. TIN structures are based on
triangular elements, with vertices at the
sample points; the sample points are then
connected by lines to form triangles. TINs are
able to adequately reflect the variable density
of data points and the roughness of terrain46,
with more points in areas of rough terrain
and fewer in areas of smooth terrain. Once
the TIN has been constructed, it can either be
used directly as a TIN OEM, or as a basis for
interpolation. In TIN-based interpolation, the
z value of a point depends on the heights of
the nodes of the triangle which it is
contained. The TIN model format is
compatible with a vector-based GIS.

4-4.2.2.6

The total volume of the OEM is dependent
upon the coding which affect the z
resolution. For a global OEM model,
assuming a vertical sampling of 10 m, it is
necessary to use 10 bits instead of 8, as 8 bits
only allows altitudes of up to 2550 m
(~=10m). Since many terrain features are
higher than this, 10 bits are needed.

For global OEM production using this model,
it is assumed that the earth's surface (at z=O)
is paved with irregular triangles. Each
triangle summit is at the vertex of one sample
point.

4-4.2.2.4

To simplify the model for estimation of data
volume, equilateral triangles are considered.
As per the requirements, the surface area of a
triangle with a 10 m side length will be 43.3
m 2 , whereas the surface area of a triangle
with a 100m side length will be 4330 m 2 •

OEM Production

The global OEM may be generated using
currently available computing technology
(hardware and software). The data
processing
involves
gee-referencing,
processing of satellite data, integration of
relevant existing GIS data and validation of
the resulting OEM. Figure 4-4.1 shows the
simplified model of digital elevation
database generation and data flow to
ThirdEye .

4-4.2.2.5

Data Volumes

Accuracy

Did you know ?
The highest landing field is Lhasa Airport at 4363m.
The highest heliport is at Sonam, on the Siachen glacier at an altitude of 5944m.
The lowest landing field in El Lisan on the east shore of the Dead Sea, 360m below the sea level
Source: 1998 Edition of the Guinness Book of the World Records, Bantam Books

MSS 97/98

56

4. Subsystems Design

Optical/SAR

Validation data
(e.g. topomaps)
Georeferencing

L-------~

r-------~

Specifications

DEM updating using
satellite data

To ThirdEye
Figure 4-4.1 Simplified Procedure for OEM Generation

•
It is estimated that the following volumes of

data will be needed to support ThirdEye :
• Airport areas: There are 4D 000 airports of
different types registered with the
ICA050• On average, for one airport with
20x20 km area, the DEM with 1D m
resolution will require:
1 TIN data point = 54 bits [x=22 bits,
y=22 bits, z=1D bits]

Man-made features: In order to obtain a
preliminary size of the DEM, it is
estimated that 5 percent of the land
surface model data volume (4 Gbytes out
of 78 Gbytes) would be sufficient to create
a DEM of man-made obstacles. This layer,
showing man-made features, may be
developed later and may not be
immediately available in a number of
countries.

Therefore, the global DEM database with
three information layers will represent nearly
922 Gbytes.

20 DOOm x 20 DOOm I 43.3 m 2 x 54 bits =
21 Mbytes

4-4.2.3

•

Total database size for 40 000 airports =
84D Gbytes
All land surfaces of the Earth: With the land
surface of the earth being approximately
13D million km2, a DEM of 1DO m
resolution will require:

Implementation

The initial DEM database production is the
responsibility of ThirdEye headquarters. The
task may be done by contracting out through
international tender.
4-4.2.4

1 TIN data point = 54 bits [x=22 bits, y=22
bits, z=10 bits]

Updating the OEM Database

The ThirdEye regional centres (TRCs) shall
be responsible for updating the DEM
databases of airports and man-made
obstacles on a regular basis. To keep aircraft
from colliding with new buildings and other

Total global land database size: D.29 x
5.1119x1D14 m 2 / 4 33D m 2 x 54 bits= 78
Gbytes
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tall objects, the global digital elevation
database needs updating as changes occur to
an airport or its surronndings. Man-made
features such as major power lines and water
tanks will also need updating from time to
time. For natural features of the land surface,
updating will not be required unless there is
a dramatic change caused by nature or by
man (for example, by earthquake, volcanic
eruption, dam construction, etc.).

•

4-4.3.2

Weather is one of the contributing factors in
air carrier accidents as well as the major
51
cause of aviation system delays • The current
weather detection and dissemination systems
for aviation are not satisfactory. Apart from
technological problems involved in the
detection
of
weather
hazards,
the
communication system used to disseminate
the information to the pilot is inadequate and
rarely on a real-time basis.
ThirdEye provides near-real time weather
information to prevent possible collisions.
The weather parameters that are provided by
ThirdEye
are alpha-numeric data and
graphic information which include physical
and
meteorological
parameters.
The
information shall be displayed on the pilot's
screen whenever there is a possibility of
collision detected by ThirdEye .

4-4.3.3
Mechanism to Provide Weather
Information
There are two mechanisms that were
considered by which ThirdEye could provide
weather information. One mechanism is to
receive all the weather information from
national weather centres via traditional
communication means, and set this
information with a threshold value in the
ThirdEye algorithm in order to provide
significant information to the pilot and the
ATC. The other method is to receive only
significant aeronautical weather information
which is processed and prepared by the
national weather centres and delivered to the
ThirdEye regional centres regularly on a
near-real time basis. The ThirdEye regional
centres then provide this information and
advise the pilot and the ATC.

Assumptions

The following assumptions have been made:
• The weather data will be collected and
analysed by national meteorological
services for aviation purposes.
• The data from the weather centre will be
combined with products from other
systems (from regional centres) to
provide a unified set of safety and
quality weather products for pilots,
controllers, and terminal area traffic
managers.
• The national meteorological services
prepare the Local Area Forecasts and
integrate them with the World Area
Forecast System in conjnnction with
World
Meteorological
Organisation
(WMO) and ICAO regulations and
agreements.
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Weather Parameters

The weather parameters that are potentially
hazardous to all aircraft will be provided by
ThirdEye . They include (but are not limited
to) the following:
• thunderstorms
and
cumulonimbus
clouds
• tropical cyclones
of
lines
(lines
• severe
squall
thnnderstorms)
• windshear
• moderate or severe turbulence
• moderate or severe icing
• widespread sandstorms and dust storms
• well-defined surface convergence zones
• surface fronts with speed and direction
of movement
• volcanic eruptions (volcanic ash) - that
could extend to high altitude

4-4.3 Weather Database

4-4.3.1

The n ational meteorological services also
integrate all the satellite weather
information and interpretations that can
be used for aviation purposes.

Out of the two m echanisms, the second one is
preferred since the routine weather reports
are normally d elivered beforehand to the
pilot by the aeronautical m eteorology offices.
There is no need to receive a ll weather
information via ThirdEye . The processing of
significant weather phenomena also needs
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more experts as well as processing software
and hardware, resulting in a huge expense.

Between weather centre and ThirdEye regional
centre/aircraft

ThirdEye
therefore provides
weather
information to the pilot and the ATC only in
case of possible collisions, but not as routine
weather information.

The ThirdEye regional centre receives only
'significant weather' information from the
weather centre, regarding weather events
which are potentially hazardous to aircraft.
The TRC in tum transmits the necessary
information in near-real time to the aircraft.

4-4.4 Computer Memory

Integrated display of weather and the DEM
The total amount of data needed for the
global OEM (except airport areas) is 78
Gbytes. As there are 9 ThirdEye regional
centres (refer to Section 5), each needs to
store a maximum of 10-15 Gbytes of storage,
depending on size of the region.

For aircraft flying in low-altitude and bad
weather, a combined display of terrain and
weather information is needed. The weather
information shall be overlaid with the
onboard OEM.

The data volume for each airport OEM is
about 21 Mbytes. Assuming 1000 aircraft are
taking off or landing at any given time, a
maximum of 1000 different airport OEM are
required in the computer memory of a
ThirdEye regional centre on a continuous
basis. In total this requires 21 Gbytes of
memory. The global OEM may be stored in
memory permanently while airport OEM are
loaded from storage memory as needed. The
access time is not critical as there is usually
sufficient time to load the required airport's
OEM prior to takeoff or landing. The weather
model data for one region is about 1.4
Gbytes. The required total main computer
memory is therefore 30-40 Gbytes.
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5 BUSINESS PLAN
5-1

OBJECTIVES OF THE

COMPANY:
To be a long-lasting profitable company,
although public service oriented, providing
collision prevention and avoidance teleservices with aircraft, terrain and airborne
hazards, on a global scale.

5-2

ORGANISATIONAL

5-2.1

Raison d'etre

Asian- (ASIA) region

3.

Central America & Caribbean- (CAR)
region

4.

European - (EUR) region

5.

Middle East- -(MID) region

6.

North American- (NAM) region

7.

North Atlantic- (NAT) region

8.

Pacific- (PAC) region

9.

Latin American - (SAM) region

5-2.2 Mission of the Different
Elements of the Organisation

Since the main aim of the ThirdEye System is
to increase passenger and crew safety onboard aircraft, governments and the aviation
industry will play a major role in convincing
all States world-wide that ThirdEye should
be adopted. As discussed previously (Refer
to Section 2-2.1.2.) the International Civil
Aviation Organisation (ICAO) is the primary
body which co-ordinates and recommends
standards among its participating States and
several aviation associations such as Airports
Council International and the International
Federation of Airline Pilots' Associations. Its
involvement with governments and different
representative bodies is of crucial importance
for the success of any new global aviation
systems and standards. For this reason,
ICAO shall be mandated by its members to
define the technical aspects, the performance
and the regulatory requirements of the
system proposed.
Note that ICAO has divided the world into
nine regions according to States' airspace
sovereignty policies and regulations; the
ThirdEye will follow this scheme for its
operations. This architecture has been chosen
to comply with the aforementioned policy
constraints instead of form a purely technical
standpoint. The nine regions are the
following (and are presented in Figure 5-2.1 :
ICAO Regions):
1.

2.

For a typical system such as the ThirdEye,
the usual division of the various partners
include system provider, system operator,
service provider, and users. In this
organisation, the function of the system
operator and service provider will be
merged.
5-2.2.1

System Provider

The mission of the system provider I operator
is to raise the necessary funds, develop and
build the ThirdEye centres, and manage and
monitor the performance of the overall
system. Fund-raising will be done by all
possible means (shareholders, bonds etc.).
The system provider will also be responsible
for issuing he calls for tender to build the
different ThirdEye Centres in the various
regions it will be necessary for. The system
provider to establish strong relations
between the different bodies affected by the
ThirdEye (ATC, TRC, Airlines etc.).

African-Indian Ocean - (AFI) region
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Figure 5-2.1 : ICAO Regions

5-2.2.2

two fully private entities in the aeronautical
sector. The last structure is an international
mixed economy enterprise, for which.
Intelsat and Inmarsat are the most commonly
known. These organisations are established
by government treaties but the funding is by
operators, many of which are private.

Service Provider/Operator

The service provider I operator must operate
and deliver the service to the users. It will
have
to
comply with
performance
requirements set by the system (HQ)
provider. The service provider will also have
the responsibility to feed information needed
for the system; mainly weather, Digital
Elevation Model (DEM) layer updates and
Air Traffic Control (ATC) data.

The analysis takes into account two main
bodies: the first being the system
provider I operator and the second the
regulatory body. In order to consider all
possible structures before converging to a
final decision on an organisational structure,
the following method was used. At first,
these two bodies were given three different
status: g lobal, Regional and 1ocal. Global
and Regional are straightforward, whereas
"Local" in this case means having
responsibility only over a single state. These
factors were then combined in various ways,
and linked with the Public, Private and
Mixed structures defined above
all
possibilities were studied. Table 5-2.l One
Organisational Possibilities chart gives an
overview of this analysis. The left column
states the nine different combinations (GG:
means g lobal system provider and global
regulatory body) while the top row states the
different types of organisations and an
example of each. The arrows indicate

5-2.3 Possible Organisation
Schemes
In order to define the different parameters
for the analysis, three different international
organisational structures have been studied.
The first is an international public economic
enterprise, such as Intersputnik and Arabsat.
The key characteristics are full government
participation and funding in proportion to
the extent of their actual use of the system.
The second structure is an international
private enterprise such as Aeronautical Radio
Inc. (ARINC) and Societe Internationale de
Telecommunication Aeronautique (SITA),
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hypothetical linkages for each status
combination. The cells highlighted in the
right column are the preferred combinations.

and the second being the group of nine
ThirdEye Regional Centres (TRC).
Headquarters (HQ)

5-2.4.1
The conclusion of this analysis is that the
regulatory body will more than likely be
Local because sovereignty over airspace is an
important political element for States and
will not change much between now and 2015.
As discussed in Section 2.2.3.1, local aviation
authorities will still have a major role in
policy and regulation making, with ICAO
ensuring co-ordination. For the system
provider, a Global organisation is the most
suited to manage and monitor the overall
system. The end users will be provided with
the service through regional companies
(ThirdEye regional centres). A local system
provider and
local regulatory body
combination is not considered since most
countries do not have enough air traffic to
support the initial investments and
operational costs. After careful elaboration of
the various linkages shown in the table
above, the present structure has emerged.

The HQ will have the classical private
corporate structure Chief Executive Officer
(CEO), Chief Operating Officer (COO), and
Chief Financial Officer (CFO). This is shown
in Table 5-2.1.
On the operational side, the structure will
contain support departments such as Human
Resources, Sales and Marketing, the heart of
operations are the nine TRC Co-ordination
departments. The financial side of the HQ
also has the classical corporate structure. This
will be of foremost importance at the
beginning of the project as it will be
responsible for the fund raising on a global
scale. Another important element will be the
Strategic Planning Department which will
play a crucial role in the development and
deployment phases.

5-2.4 Organisational Structure
The overall organisation will be divided into
two entities: the first being the Headquarters,
Table 5-2.1 One Organisational Possibilities chart
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ThirdEye Organisation
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Figure 5-2.2 HQ Organisation Chart

5-2.4.2

TRCs by the different local civilian aviation
authorities of their regions.

ThirdEye Regional Centres

Being licensees, the ThirdEye Regional
Centres will have the freedom of choosing
their own organisational structure according
to the managerial culture of the
region / country in which the centre is
located. This freedom will be given as long
as the TRC meets the technical and
performances requirements set by HQ. The
billing system, however, will be imposed on
each TRC to insure uniformity of service
through regular monitoring.
5-2.4.3
Entities

Relations Between the Different

The HQ shall be the licenser and each of the
nine TRCs will operate under a licensee
contract. Hence the HQ and the TRC shall
have a licenser- licensee relationship
though the license contracts. Each TRC will
have other relations as well : with the
redundant TRC, with the ATC of its region
and the ATC of the redundant region, with
the national meteorology centres with the
DEM update providers and with the
aviation companies and organisations
(airlines, air cargo operators, air clubs ... ).
(Refer to the contracts and agreements
scheme in Section 5-5.9)

There will be co-ordination between the HQ
and ICAO for recommendations and
regulatory elements. These elements will be
passed on to the TRCs through the TRC Coordinating Departments in HQ. Legal
regulations will also be imposed on the
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5-3

N av igation in Africa and Madagascar). The
United States is the only State having twothird of its ATC (Air Traffic Control)
privately owned and financed through
52
bonds • This shows that financing A TC
through funds is possible. Finally, ICAO is
proposing an International Aeronautical
Monetary Fund which could be effective by
2015. ICAO is also proposing that each
region establish regional joint ventures for
financing CNS, A TM programmes. These
ventures could be used for funding.

ECONOMIC ASPECTS

The first step of the economic analysis was
to study the existing A TM financing
procedures. ICAO has several ways of
assisting states in raising funds to support a
system such as the ThirdEye. Currently,
each state is responsible for financing the
ATM facilities in its airspace; whenever a
state is unable to finance the facilities
and/or the maintenance and operation,
ICAO can act as a facilitator for fund raising.

5-3.1 Fund Raising
ICAO also provides technical consulting to
concerned states, as well as advice on
organisation and training. Moreover, it can
mediate between states and/ or international
institutions in search of aid to finance,
maintain, upgrade or implement new
systems. Several countries have bilateral
governmental institutions. For example:
• Belgium, Administration Gen erale de la
Cooperation au Developpement
• Canada,
Canadian
International
Development Agency
•
United
States,
US
Agency
for
International Development.

According to the Cost Benefit Analysis
(CBA: Refer to Section 5-3.1.3), the overall
ThirdEye is a profitable system. This justifies
the
private
structure
(HQ)
will
independently raise the money necessary for
the system. One of the main advantage of
having global financing is the fac t that
regions with high revenues will subsidise
regions with low revenues. This will allow
for deployment in the developing world,
without less developed countries having to
face heavy financial burdens, thereby
allowing these regions to operate themselves
autonomously (the ThirdEye operator not
being a developed country) The licensing fee
will be designed according to each region's
characteristics, e.g. the North American TRC
will be charged with the high licensing fee
which will hence allow for a very low
licensing fee for the African TRC.

ICAO also deals with Development Banks
and Funds which specifically target projects
that
promote
national
economic
development. These are organisations such
as:
• International Bank for Reconstruction
and
Development;
International
Development Association; International
Finance Corporation
• European Development Fund

The financial plan of the HQ will be
designed according to the scheduled
deployment (Refer to Section 5-4) and will
use standard financial means in order to
raise funds (bonds and other means). ICAO
will be of great importance in this area since
it will provide awareness of the ThirdEye to
its members. and political support to the
undertaking As seen in the description of
the existing financial system in civilian
aviation, ICAO will be a major networking
point for investors.

Lastly, ICAO has contacts with the United
Nations Development Programme which
may assist developing states to plan,
develop and finance an air navigation
service and an A TM service.
Several regional co-operative bodies exist as
well in the civilian aeronautical field, such as
the
Danish-Icelandic
Joint
Financing
Agreements and the African ASECNA
(Agency for the Security of Aerial

Two world-wide equity sources can be
considered private and public; the major
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markets being the United States, the United
Kingdom and the Far East. Long-term debts
(bonds) will be used to finance the initial
investment; the markets for these being the
United States, Europe and Asia (from both
financial institutions and private investors).

5-3.1.2

These costs have been identified for both the
ground stations and the aircraft.
• ThirdEye equipment investment
• Maintenance and operation
• Purchase of intermediate services
(transitional phase)
• Retraining
• Decommissioning of existing system
• Re-deployment of staff
• Other transitional phase costs

A second important part of the economic
analysis is to perform a Cost Benefit
Analysis (CBA) of the ThirdEye integrated
into the CNS/ ATM system developed by
ICAO. For this, the objectives of the CBA
will first be described as well as the present
benefits and costs. The latter will then be
integrated with the system and will estimate
a Cost Benefit Ratio using the "Snapshot"
method.

5-3.1.3
•

A Cost Benefit Analysis enables to advise all
the partners on the financial implications of
the project and try to prove its economic
viability. The CBA assesses the impact on
the different users (system provider, system
operator, service providers, users). It should
also give inputs in terms of technical and
institutional options for implementing the
ThirdEye system, as well as the appropriate
timing for implementation. Further, the
CBAs provide a prediction of the ThirdEye
performance compared to the predicted
performance of the existing system. The
CBA should normally end with a Net
Present Value (NPV). Due to time
constraints and the lack of sufficient
information, the CBA will be a listing of the
important elements and an extrapolation
from the CNS/ ATM CBA done by ICAO.

•

•

•

•
5-3.1.1
Elements to be taken into
account into an ATM system :
•
•

•
•

MSS97/ 98

Identified costs :

The CBA is dependent on the forecast
volume of traffic.
The CBA may be affected by the
relationship between systems such as
the
ThirdEye
and
precision
approach / landing systems.
Realise the uncertainties associated with
long-term forecasting are high.
Sources and extent of benefit will be
different from region to region.

•

•
•

•
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Identified Benefits:

The funds that would have been
invested in the maintenance and
upgrading
of
existing
systems/ technologies can be avoided by
implementing the new system.
Global navigation system provides
accurate position for en route terminal,
down to Category I approach. It will
allow one set of avionics for all.
This system shall allow more efficient
flight path and reduce flight time (this
will create fuel savings, more efficient
fleet management for airlines and time
savings for passengers). The ThirdEye
system will be a determining element
for the free-flight concept.
Benefits during the transitional phase
also include cost savings due to more
efficient operations and benefits will
increase as the number of aircraft
equipped with such a system rises
during this phase.
Savings on maintenance costs because
the new system will not need as much
maintenance in the beginning of
operation compared to the existing
systems.
More direct and efficient links and data
handling between ground and flight
elements.
Less faulty
communications, less
congestion on channels.
Minimum avionics
required
(for
communication)
because
of
the
interoperability across applications.
Enhanced safety, reduced delays,
increased airspace and airport capacity.

5 Business Plan

•

•

total of 15000 aircraft are
simultaneously at any give time)

Flexible routing, dynamic modifications
to aircraft routes in response to weather
and traffic conditions.
Several side-benefits and spin-offs are
possible as stated in the SWOT & PEST
analysis [Refer to Appendix F].

flying

These factors altogether come to a total cost
of US $ 2464 Million per year for the system
inclusive of CNS/ ATM.

The
Snapshot
analysis
presents
a
Benefit/ Cost ratio without discounting the
figures.

The global benefits for the users of
CNS/ ATM are estimated by ICAO to be
between US$ 4146 Million and US$ 5571
Million per year. As the ThirdEye system
will be integrated in the CNS/ ATM, it is
reasonable to adopt the higher scenario.

The global economic evaluation of the
annual depreciation, maintenance and
operating costs associated with the existing
system were estimated to a total of US$ 1068
Million

The Benefit/ Cost ratio is : 5571 / 2464 = 2.3
which is good overall but will vary from
region to region due to various factors listed
in the other sections.

The annual depreciation, maintenance and
operating costs associated with the new
CNS/ ATM system alone were estimated to
a total of US$1011 Million
The
global
annual
depreciation,
maintenance and operating costs associated
with the new ThirdEye system are estimated
at a total of US$ 1453 Million (assuming a

" ICAO Search and Rescue Manual, Doc 7333AN/859
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•
5-4

DEPLOYMENT

Deployment is a major task for a feasibility
study. It describes the path one should
follow from the current situation in order to
achieve the desired results, given the
presence
of
constraints.
ThirdEye
developers shall receive assistance in the
rec~gnition of these obstacles,
thereby
settmg the pace for a continuously
controlled development leading to the
successful deployment of the system.

•

•

Two possible cases were investigated- one
assuming that the system will be mandated
by n~tional governments ("Mandatory"
scenano), and the other assuming the
evolution of the system on an optional basis
("Optional" scenario).
The main tasks regarding the deployment of
the ThirdEye are as follows:
• Pre-phase A Study
• Proposal: development of a proposal to
ICAO for the implementation of
ThirdEye.
• Phase A study: a feasibility study which
may last up to 2 years, ending with
software which simulates a fullydeployed system. During this phase,
there are many interactions with
industrial
lobbyists
(avionics
manufactures),
economic
lobbyists
(airlines), and governments, to ensure
the technical and financial requirements
are met.
• Development: development of the
system including internal testing,
algorithm human-machine interface and
equipment manufacturing. A three year
time span is predicted.
• Testing: preliminary testing of the
system on a small-scale. The intended
purpose
is
to
show
to
that
the
investors/ subcontractors
system is working properly. Successful
completion of this phase is critical in
attracting potential subcontractors or
service providers. A one year period is
allotted for testing.
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Early Operation: a period of time during
which users may benefit from
discounted rates. It may vary from one
year in the Mandatory scenario to two
years in the Optional one, depending on
the sensitivity and reception of the
ThirdEye by the Market.
Global Installation/Verification: onboard installation and checking of the
system. It is assumed that it will take
approximately one year for larger
airlines, two years for medium/ small
airlines and five years for general
aviation.
Ground infrastructure: leasing of
equipment such as the buildings,
components, computers, which are
needed for the ground segment to work
properly. In our model we considered
one year to lease a suitable headquarters
site, one year for two ThirdEye Regional
Centres, and three more years for the
full deployment of the ground
infrastructure.
Ground training: training of personnel
for the ground station. One year to train
the personnel of two ThirdEye Regional
Centres, and two more years to train the
remaining required ThirdEye personnel.
Fund-raising: the process of collecting
funds for the system. This process lasts
up to eight years in the Mandatory
scenario, and up to seven for the
Optional one.
Marketing: the process which aims to
identify potential users, operators and
subcontractors in order to help the
development and sale of the service and
its sale. It may vary from up to eight
years in the Optional scenario up to
seven in the Mandatory one.
DEM: global Digital Elevation Model
provided by an external contractor. The
DEM is needed before the test phase
and the early operation of the system. It
is predicted that a four year period is
necessary for its development.
Regulation transition phase: the period
of time running from the promulgation
of the law that mandates the use of
ThirdEye to the final deadline for its
installation. A five years time span has
been assumed.

5 Business Plan
Throughout Phase A and the development
phases, it is important to account for
political
interactions
among
IAT A,
legislative/regulatory bodies (e.g. US
Congress,
EU
Parliament),
and
lobbying/marketing entities.

mandatory (as in third party liability car
insurance). It is likely that the recognition of
ThirdEye potential benefits will be a slow
process, and this may affect the early
customers in accepting the payment of
ThirdEye utilisation fees. Discounted fees
for early subscribers is one method of
combating this. Should the system prove
cost-effective, and have no faults, the market
will eventually be found.

Figure 5-4.1 and Figure 5-4.2 present the two
possible scenario schedules.
One of the primary differences between the
Mandatory and Optional scenarios is that in
the former, the ThirdEye is expected to
receive strong political backing, while in the
latter, it is expected to receive a larger
degree of influence from private investors.
Prediction of political decisions are difficult
to make, which suggests that the business
case may be more predictable to this extent.
Given the unpredictability of the political
decision-making process, the businessdriven case may be easier to analyse.
Management of the transition phase must be
considered carefully. Notably, u good liaison
with ATC centres is required to integrate
with ThirdEye equipment into the collision
detection process.
Segregation of airspace may also be
considered either on a partial or a total basis.
Currently in use, airspace segregation may
be an effective method of accelerating the
ThirdEye distribution process especially
when implemented by wealthy regions
(North America and Europe); however, the
issue is essentially of political nature.
Alternatively, ThirdEye operations might
start as a mere extension of the current
system. For this case, communications
among aircraft will be provided through
ATC where available (in controlled areas) or
by sharing the actual aircraft position with
the other pilots when en tering or leaving an
uncontrolled area. Each of these issues is still
open, and political decisions maybe the
dominant factor in choosing the approach to
the transition phase.
ThirdEye utilisation fees may also raise
issues, except when the system is made
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No fully-justified "answers" to either
scenario can be given at this point.
However, successful deployment under the
mandatory scenario does appear to
minimise the potential risks of project
failure. While global implementation during
the early operation phase is rather
unrealistic,
start
of
the
ThirdEye
implementation on a smaller scale may be
feasible. It is therefore recommended that
the early operations follow the mandatory
scenario on a partial segregation scheme,
targeting a limited number of major airlines.
Expansion of the implementation to general
aviation should be considered in a later
phase. Wealthy regions such as North
America should be among the early
operation targets, followed by an expansion
toward the developing world.
The
completion of a phase-A study will refine
these issues more precisely.

5-5.3 MARKET
1. Desire: to enhance the existing collision

avoidance
systems/Need:
the
improvement of existing collision
avoidance systems.
2. Competitive Advantage:
The proposed system will provide improved
and value added services directed at
improving safety of air traffic management,
making it competitive and incorporating
with existing collision avoidance systems.
It will give the aircraft pilot a 10-minute
safety window. This will lead to fuel saving
and enhanced passenger comfort, lower
aircraft accidents, and lowered pilot stress.

The system shall have a global coverage.

5-5

MARKET RESEARCH

The system shall account for weather,
airborne hazards, terrain, and other aircraft.

5-5.1 Assumptions:

ThirdEye shall be an integrated system
linking aircraft, ATC and ThirdEye centres
in a given region.

1.

There is one ThirdEye centre per ICAO
region (9 centres around the world at
the beginning).

2.

There is one service provider per
ThirdEye centre at a given time.

The equipment onboard the aircraft is
cheaper than the existing onboard avionics.

3.

The Regional ThirdEye Centre is run by
an entity which is the service provider.

1.

There are currently at least 3 operational air
traffic management systems available on the
market or stated to be available in the next
decade.
In the following, both their
strengths and weaknesses shall be briefly
analysed.
• Automated Detection System (ADS)
• Air Traffic Controllers (ATC)
• Communications,
Navigation,
(CNS) I Air
Traffic
Surveillance
Management

5-5.2 Issues:
1.

To replace the service provider in order
to ensure the optimal level of service,
the tendering process will be reopen ed
every 3-5 years.

2. As the system is not predicted to be
profitable in all 9 regions, some regions
we might have a mixed / private/public
company.
3.

MSS97 /98

Assess 'Competition'.

Corporatisation of HQ might take place
during development and deployment
phases.

72

5 Business Plan

5-5.3.1
Strengths & Weaknesses of
Currently Available Systems

5-5.3.1.1

•

Weaknesses:
• local
• does not take into account weather &
terrain
• current system is obsolete

ADS

Strengths:
• real time positioning
• enable free flight (saves fuel, optimised
trajectory)
• all aircraft types
• uses weather satellite position reports
Weaknesses:
• not mandatory
• not global
• not used by all airlines
• customer
pays
for
cost
communication
• 3D I not a fully real time system
5-5.3.1.2

5-5.4 Marketing Strategy:
Small Market High Price
The following is a representation of the
classical marketing mix, consisting of the 5
'P's in order to assess possible decisions and
activities for the marketing strategy. The 5
P's are as follows:
• Product
• Place (distribution)
• Promotion
• Price
• People

of

ATCCentres

Strengths:
• adaptable
to
all
national
and
international traffic systems
• follows individual national sovereignty
policies

5-5.4.1
SYSTEM PROVIDER
(Headquarters)

5-5.4.1.1
Product:
• System (buildings, computers, software)
• Management:

Weaknesses:
• human mistakes due to the stressful
environment
• language barriers
• lack of international standards
• air space segregation (no free flight)
• industrial action threats (strikes)

5-5.3.1.3

does not involve satellites (the risk is
low)

+

Provide all the system specifications

+

Implementation monitoring

+
•
•

CNS/ATM

There is not enough information available
about this system. We assume that CNS
system has the following strengths and
weaknesses:

Issue a call for tenders to select
service providers
Global DEM library
Minimisation of airline costs through
low initial investments and having low
usage fees

5-5.4.1.2
Place (Distribution):
• 9 ICAO regions: HQ has to deliver the
product to the 9 regions, in addition to a
global DEM for 9 TRCs.

Strengths:
• cheap
• simple

5-5.4.1.3
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•
•

5-5.4.2.3
Promotion:
• customer service in order to deal with
customer issues
• various
fidelity
programmes
for
different customer groups (Refer to
Section 5-5.4.3.5)
•
tailor made services (i.e. special call
rates)
•
if the ThirdEye system is optional,
package delivery services may be
provided, such as incentives. These
packages shall be customised according
to various cultural I ethnic groups

Lobbying (Top down and/ or bottom up
via the industry)
Public relations
- Governmental relations
-Industrial relations

5-5.4.1.4
Price:
• shall be set returns from license fees
• profit margin ThirdEye Regional
Centres, (refer to Sections 5-6.3.4 [worst
case scenario], and 5-6.3.5 [best case
scenario]on

5-5.4.1.5
People:
• HQ organisational structure
• ICAO regulatory body
• lATA and other relevant bodies (refer to
chapter "Organisation")
5-5.4.2
SERVICE PROVIDER
(REGIONAL THIRDEYE CENTRES)

5-5.4.2.1

Product:

The
Service:
Avoidance
Conflict
Information with:
• Other aircraft
• Weather I Airborne Hazards
• Ground

5-5.4.2.2
Place (Distribution):
• ATC- through Asynchronous Transfer
Mode (ATM) network
• Airline companies - through ATM
network
• Aircraft cockpits - through satellite links
Note: A profit margin given back to HQ
could be used to finance and equip the
developing regions with ThirdEye centres
since this is where the system is most
needed.

MSS97/ 98
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Transponders

Minutes of comms./month

ATM monthly subscription fee

Airline I plane
companies

Figure 5-5.1 The ThirdEye regional system structure
$

5-5.4.2.4

Price:
Price varies
according to
region

A schematic of the ThirdEye billing strategy
is represented in Figure 5-5.1. The A TM
links connecting airline companies and ATC
to the ThirdEye system are billed on a fixed
monthly basis. The connection between the
ground and air segment through satellite
transponders is billed on a per minute usage
basis. The aircraft users are charged a
monthly subscription fee in addition to the
amount of time used, and the customer is
then billed at the end of each month.

5-5.4.2.4.1
1.

1.

Figure 5-5.2 Price variation with increasing
data rates.
The curve {1) in Figure 5-5.2 denotes the
variation in price with increasing data rate.
However, depending on the package pricing
policies, this curve can take a more rugged
shape as can be seen by the line {2) in the
figure. These prices shall vary according to
each individual ThirdEye region depending
on traffic requirements.

The End User Billing

time of usage +monthly fee (fixed)

ATC centres
a)
b)

(2)

Data Rate

Aircraft
a)

(1)

ATM: ThirdEye centre- SO%, ATCSO% [barter agreement]
Usage fee: Time, data rates
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5-5.5 REALISTIC MARKET
SHARE

$

JLJL
7a.m.

To avoid the accumulation of profit in the
most developed regions only, a service
provider shall not be in more than 3 ICAO
regions and shall not handle more than 60%
of the global air traffic (number of aircraft
flying at the same time).

Time

6p.m.

The
market
share
can
be
divided / distributed between the following:
1. Large airline companies + (possibly)
Military
2. Smaller airlines+ corporate aircraft
3. Recreational: private aircraft, gliders,
balloons, and others

Figure 5-5.3 Price Variation with Time of
Day.

Figure 5-5.3 represents the variation in price
of service according to the time of day. Peak
prices will occur at peak usage times (e.g. 7
am and 6 pm) .

5-5.5.1

TIMING OF MARKET ENTRY

c) Aircraft companies:
• ThirdEye
shall
charge
aircraft
companies for OEM updated data
provision

The following aims at suggesting a possible
time of market entry for customers and
regions. The notion of market entry is a key
factor for having a profitable product.

•
•
•

Highly developed regions:

Fixed price for high users (package deals)
Per use basis for low users
Package deals also available for very low

users

2010:

•
People:
Segmentation

5-5.4.2.5

Market

I

Customer
•

2013:

Our system shall be used by the following
bodies:
• military
• large airline companies (both passenger
and cargo)
• smaller airlines companies
• corporate I commuter aircraft
•
private aircraft
• gliders I paragliders I balloons etc.

MSS97/98

large airline companies (both passenger
and cargo)
military

•
•

smaller airlines companies
corporate I commuter aircraft

2015:

•
•

private aircraft
gliders I paragliders I balloons I others

Poorly developed regions:
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5-5.8 CURRENCIES
•
•

large airline companies (both passenger
and cargo)
military

2018
•
smaller airlines companies
•
corporate I commuter aircraft
2020:
•
private aircraft
•
gliders I paragliders I balloons I others

1.

The HQ Financial Department will deal
with the money flows and the currencies
from the Regional ThirdEye Centres.

2.

Each ThirdEye Centre shall have the
responsibility to decide its own
strategies for payments between itself
and the end user.

5-5.6 CUSTOMERS
The potential customers that may be willing
to use the system have been defined as
follows:
5-5.6.1

HQ Customers:

•
•

185 nations through ICAO
9 ThirdEye Centres

•

a number of Private Entities

5-5.6.2

•

ThirdEye Centre customers:

ATC

Refer to Section 5-5.5.1

5-5.7 CHURN RATE
In case of an optional deployment scenario,
the chum rate shall depend on the quality of
the service, and the affordability of the
customers. There should be clear contractual
clauses regarding the termination and
cancellation of service.
In case of a mandatory scenario, there shall
be no chum rate as there will be a natural
monopoly.
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C17- Contracts for
training , information
flow, etc.

lATA

Private provider(s) of
positioning data

C16 - Contracts for
global DEM
providing

C14- Agreement(s) or
contract(s) for positioning
data providing
C15- Insurance
contracts for HQ

GIS (OEM) provider

Insurance Company

C18 - Sub-contract
for providing
positioning data

/

C8 -Transponder leasing
sub-contracts for
communication and data
transfer

TRC#l
Service
Provider
+
System
Operator

\

Equipment manufacture

(One
Company)

etc.

Building construction

+
+
Software development

··..

Weather
Provider(s)

____.

.........·······················
···...

Service Provider
+
System Operator

C4 - Contract for the
providing and updating
continuous DEM

ATM

C5 - Contract for ATM
between TRC and Satellite
Ground Station
C6 - Contract for providing
ThirdEye information to ATC
centres

(One private or public
company during 3-5
years)
Airlines
Insurance
companies

Figure 5-5.4: Schematic of the Various
ThirdEye Contracts
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C3 - Contract for "near"
real time reliable 24 hr
weather data

OEM

ATC centres
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C1 - Mobile satcom
capacity leasing contracts
for communication and

+

__

·····...

Transponder
Leasing
Companies
TLC-N

TRC#9
Service
Provider
+
System
Operator

..···
_,...,__

······...

·····...

(System Provider)
I

TRC #2
Service
Provider
+
System
Operator
(One
Company)

(One
Company)

~

HQ

C2

C2 - Leasing contract
concerning the use of
the 3rd Eye centre

~Ci-Mo~;:;niCA1

C7 - Sale or leasing contract
for ThirdEye equipment to be
used by the Airlines

C12- Insurance contract for
T hirdEye Centres

5 Business Plan
4. A contract shall be established between
HQ and remote sensing I GIS companies
(C16) for development of a global Digital
Elevation
Model
(DEM
terrain
information and value-added services).
There should be a specific clause in the
contract to include the requirement for
updating the DEM in a timely and accurate
manner.
Pricing and duration of the
contract shall also be negotiated.

5-5.9 CONTRACT
DESCRIPTION, INSURANCE
AND OWNERSHIP ISSUES
Of the total number of contracts required by
the system (Refer to Figure 5-5.4), the most
important ones are reviewed below:
1. The ThirdEye Centre license contract (C2)
shall vary from region to region: The most
profitable regions shall pay more for the
contract license than the poorer regions. The
money generated by the more profitable
regions shall be used to fund and support
the less profitable regions.

5. Contracts are required between the
Regional Centres and Weather Centres (C3).
Some clauses to be included shall be:
Definition of responsibilities of the Weather
Centres to the Regional Centres vis-a-vis the
efficient management of weather data, the
timely and accurate supply of weather
information
and
updates,
reporting
procedures etc.
In tum, the Regional
Weather centres shall enter into contracts
with the World Meteorological Organisation
(WMO) global and Regional Weather
satellite owners such as METEOSAT in
Europe, NOAA in the United States, etc.

2. A Memorandum of Understanding shall
be established between ICAO and HQ (C9).
ICAO shall provide HQ with the
requirements and recommendations arising
from the different nations. HQ shall take
these into account and shall send back to
ICAO for approval.

6. The Regional Centres and DEM Centres
(C4) shall require a contract for the
continuous provision and updating of the
man-made obstacles layer in the DEM. The
following relevant clauses need to be
considered:
• Co-operation arrangements.
• DEM duties and responsibilities in data
transmission
(timeliness
and
accurateness)
•
data updates
•
data transmission rates
•
volume
• nature and bits.

3. HQ shall establish the contracts with
Satellite Service Providers (Cl) for the
Mobile satcom capacity leasing in order to
secure optimal pricing. Service Providers
(Regional ThirdEye Centres) shall sign the
transponder leasing sub-contracts with HQ
(C8) for communication and data transfer.
Clauses to include: transmission frequency,
multiplexing technique - CDMA, TDMA
etc., coverage, cost of service, availability,
back-up, guarantees in case of failure,
networking - ThirdEye Centres and airports.
The contract shall clearly state the duration
of the contract. The level and mode of
compensation to a service provider as a
result of a proven case of system incapacity
due to failure of telecommunication satellite
or poor quality service shall be further
defined. In the event of a conflict requiring
arbitration, who is the arbiter, the location
for the arbitration has to be decided.
Furthermore, it has to be established who
are the legally recognised persons to sign
and take decisions on behalf of the parties.

7. A contract shall be made between lATA
(Airline management) and HQ (C 17). The
contract should contain: requirements for
training and re-training, information flow,
safety and general issues affecting air
transport.
8. HQ and building constructor, equipment
manufacturer and software developer (ClO)
require a contract to d efine the following
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4. Arbitration: This shall address who
should be involved in arbitration, the venue
for the arbitration, who may legally sign the
documents, and who makes decisions, etc.

issues: adherence to design system
specification, patent rights issue, product
improvement and innovation.
9. A contract shall be made between HQ and
the private providers of positioning data to
have optimal pricing (C14): Contract clause
shall state the level of precision required for
workability of the ThirdEye, pricing issues
(if and when GPS and GLONASS shall be
commercialised) and service availability.

5. Requirement and Standards: This would
address all standards that the system
specifies for the equipment and service
providers.
Positioning
precision
requirements from GPS, GLONASS and
GNSS should also be addressed in this
clause.

10. A sub-contract shall be made between
6. Insurance issues: This would address
who should take the insurance and the level
and mode of the insurance to be taken
between parties.

HQ and service providers (C18) for the
provision of positioning data from the
private operator.

11. Finally, a contract is required between

7. Basis for Law: This would address the
type and nature of laws to be applied
between parties involved with ThirdEye.
Depending on the nature of the parties
involved, different laws could be applied.
In case of a dispute between parties other
than ThirdEye HQ, national laws could be
used.

TCAS-II equipment manufacturers in the
USA and the North American service
providers. The contract shall define the cooperation arrangement for the interface
standardisation between the two systems.
An important element of the contract clause
will be the protection of intellectual
property for the design and development of
both the TCAS-II and ThirdEye.

5-5.10 BASIS FOR LAWS
The contract shall be written covering the
possible clau ses for all of the parties and can
be signed and ratified. The following items
are to be addressed in the contract:

Contracts shall be based on the laws of the
territory in which the ThirdEye HQ is
located (Canadian law). In case of
arbitration., the disputes could be done
under neutral Mediation.

1. Liability issues: This may address who
is
responsible
for
what and
the
responsibility chain among the parties. This
would also address the level and mode of
compensation to be made to the third
parties.

In case of a technical failure of the system, a
distinction has to be made between
international and domestic air traffic.

5-5.11 INSURANCE

2. Ownership: This shall address who
owns what, and in what capacity. Transfer
of ownership should also be addressed in
this clause.

Although aviation is arguably the safest
transportation business, losses may be large
in case of accidents. According to Crawley
Warren (air & space insurers in London), the
largest settlement in the history of aviation
was worth more than US$ 450 Million in
1982, which translates into a present value of

3. Duration of Contract: This shall address
the duration of the contract and the time
when the contract legally comes into effect.

MSS97/98
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over US$ 900 Million This, together with
legal obligations in several countries, results
in airlines subscribing to two major
insurance policies: aircraft damage and third
party liability for each plane. Other policies
that cover such items as loss of revenue if an
aircraft is grounded are not widely
subscribed.

5-5.11.1

Types of Insurance:

1. Pilots flying ThirdEye-equipped aircraft
do not require additional personal
insurance.

2. Space segment also require the insurance
GEO
satellite
(satellite
constellation,
transponders), but it is subscrib ed by the
satellite communication operator.

Third-party liability insurance covers both
passengers and p eople on the ground. The
coverage is usually capped at approximately
US$1 Billion per event. In some cases this
will not cover the entire settlement costs for
the airline (for instance, settlements
resulting from an aircraft accident within a
residential area). Both aircraft damage and
third-party liability cover human errors and
negligence of airline employees (e.g. pilots).

3. Comprehensive insurance for ThirdEye
HQ (system providers) for indemnity
against general losses (property, life,
personnel, negligence), system failure and
liability
insurance
against
accidents
attributable to ThirdEye failure.
Regional
ThirdEye
Centres
require
insurance for purposes as outlined in point
three.

Today's airline insurance is a buyer's
m arket. The premiums that airlines pay are
one quarter of what they used to pay at the
beginning of the decade. This, in part is due
to the stabilisation of the number of major
aircraft accidents that occur per year
throughout the world. As a result of this
situation, technologies m eant to decrease the
accident rates are at the present time
unlikely to bring down insurance premiums
for airlines investing in it. As an example,
the introduction of TCAS and GPWS in the
last decade had virtually no influence on the
p remiums level. Therefore, in 1998, the
implementation of ThirdEye would not
translate in insurance savings for airlines.
However, if the current safety levels remain
constant, and considering traffic estimates
for the next fifteen years, some organisations
forecast one major airline accident per week.
Und erwriters would then be required to
adjust premiums steeply to cover for the
increased frequency of disbursements. In
such a scenario, it is likely that airlines
which adopt such collision accident
prevention
equipment/ systems
(i.e.
ThirdEye) would be in a position to
negotiate lower premium rates in return for
increased safety. This in turn would reduce
the level of exposure for the underwriters.

5-5.11.2

Intellectual Property Rights

Ownership and access to data is an
important legal hurdle for the ThirdEye
system.
First, these issues must be
determined for individu al components of
the system - specifically, the DEM and
weather data. The issues must then be
discussed in terms of the value-added
service the system is providing. The global
nature and use of the DEM further raises
important
data
transfer
concerns,
particularly among nations which have
specific security concerns, as discussed in
Section 2-2 (for instance, Greece and Turkey,
India and Pakistan).
Though presently
information on specific nations may be
purchased from commercial providers, these
concerns will not decrease with a system
designed purposely to distribute such
information to all.
Both the DEM and weather data will be
provided to the sys tem management
organisation from a number of outside
sources, both public and private. The data
in its raw form is not th e legal property of
the ThirdEye organisation, and shall not be
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redistributed (in raw form) without express
permission from the original provider. Once
the data has been processed into a format
useful to the system, the value-added
product is the legal property of the ThirdEye
organisation and can be used in any way
without permission from the original data
providers. This shall be the same policy
extended to ThirdEye users. However, to
maximise the potential future commercial
uses of ThirdEye data by the organisation,
redistribution rights shall not be granted to
the most common users of the system (i.e.
The
airlines and parent corporations).
original data providers may purchase
ThirdEye value-added data for their own
use. However, redistribution rights may be
evaluated on a case-by-case basis.

5-5.11.4

The general principle which applies to
liability is as follows:

New technologies developed for the
ThirdEye system may be subject to patent
and technology transfer laws. The patent
rights to any innovation associated with the
system development may be granted to the
ThirdEye organisation.
5-5.11.3

Anti-trust I Monopoly Issues

The TRC in each ICAO region will be run by
a single private entity, chosen through a
public tendering process. This tendering
process for ThirdEye headquarters selection
is a one-time event; the chosen body will
hold the sole ThirdEye contract for the
foreseeable future. Every three to five years,
a call for tenders will be issued to invite
service providers to take over ThirdEye
operations at the nine TRCs for the same
period of time. However, since the system
covers many different nations, some antitrust/monopoly issues may be of concern.
These questions are mainly centred around
the ThirdEye organisation being the single
service
provider,
operating
without
competition. In countries where this is a
concern, a monopoly may exist but it must
be strictly regulated. In the future, as
competing or alternative services come into
operation, anti-trust issues will tend to fade.
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Liability

•

the master/servant relationship is a
common legal principle in which an
employer takes responsibility for the
actions of its employees, thus being fully
providing
adequate
liable
for
compensation in case one of its
employees causes an accident which
leads to loss of life or damage to
property.

•

according to this principle, airline pilots
are not normally directly liable for
accidents causing loss of life or damage
to property, while airlines are always
liable to third parties such as passengers
and/or cargo owners. The 1929 Warsaw
Convention that applies
to
all
international transportation of people,
luggage, and goods performed by
commercial aircraft. The Convention
establishes compensatory liability for all
accidents without proof of fault for
damage up to US$ 75 000. However,
some countries increased such cap for
flight originating or directed to their
territory.

This principle does not apply to pilots of
private aircraft. They are fully responsible
for any accidents they cause. They are
required to have third party liability
insurance, which provides compensation for
loss of life or damage to property.
Another principle to take into account is
conflict of interest. It must be insured that
airline companies and ThirdEye Centres
operate completely independently of an
other and do not exercise any measure of
influence, direct or indirect, over the other.
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5-5.11.4.1

ATC liability

laws. In this scenario, it is quite difficult to
predict what might be a liability procedure
to be set by jurisprudence. The regional
character of the regulations will be strongly
influenced by the State jurisprudencial
attitude.

No international conven tion exists to cover
the liability of air traffic control (ATC)
agencies. Since 1960, intensive efforts have
been made by ICAO to p roduce such a code
of law, but the liability of ATC agencies is
still exclusively subject to relevant national

Table 5-5.1 Summary of Liability Issues

$~tu&fiwl
Collision with a n ew
obstacle not yet in the
DEM
Complete
loss
of
communication

Threatening flight

Unexpected collision
Collision
due
to
..
confusion ansmg from
A TC and ThirdEye crosstalking
Collision
between
ThirdEye-aided and non
ThirdEye aided planes
Ice on wings
Pilot making a wrong
manoeuvre/landing
approach
Not flying with the
n ecessary attention
Missed
scheduled
procedure checking
Bomb attack, hijacking

Collision due to ThirdEye
Centre destruction

~~~m> Qf c.~i9f'l
outdated DEM

Satellite blackout
Storms,
debris,
failures,
attitude control, skipped
scheduled maintenance
Pilot not responding to
warnings issued by
the
system
System not identifying a
collision
Interference with ATC

Li~i!Y¥
Airline to third parties, then airlines can
make a claim against the ThirdEye
system
Airlines to third parties, ThirdEye will
contract its responsibility out to its
satellite service prov ider

Airline to third parties, airline may take
actions against pilot.
ThirdEye,
even
though
some
responsibility may be contracted out
ThirdEye or ATC, depends on the
ATC/ThirdEye switching procedure.

Limit of the system

Involved airlines, according to the
actual laws

Bad weathe r not taken into
account
Wrong suggested manoeuvre

ThirdEye, which may act against
weather data company I service.
Airline, which may ask ThirdEye for a
comp ensation

Negligence

Airlines, private pilots

Gross negligence (intentional
negligence)
Sabotage

Airlines, private pilots

Sabotage, terrorist actions
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During normal times, unpredictable acts
are treated like "acts of God", so airlines
insurance take the economic risk of this.
In war times, or in a country where
terrorism represents a high risk, airlines
are still held responsible for terrorism
actions.
See previous row
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5-5.11.5

Fairbanks, Michael: e-ma il correspondence,
June-July, 1998

Regulation Enforcement

Kaiser, Stephan: e-mail correspondence, July,
1998

Currently, international aviation bodies such
as ICAO and IATA have no true enforcement
abilities. These organisations have leverage,
but cannot officially penalise a party for noncompliance with regulations.53 It is up to each
national and regional organisation to set
enforcement mechanisms for these policies.

Lowenfeld, A. F.: Liability of airlines for
injury caused by terrorism, in Air and
Space Law: De lege ferenda, Part II:
Criminal Air Law, p . 90, Tanja MassonZwaan and Pablo Mendes de Leon,
Martinus Nijhoff publishers, Dordrecht,
The Netherlands

Judiciary actions in the field of aviation are
carried out first on a national level
(commercial or government), then on a
bilateral scale, e.g. between nations, when an
international dispute arises. Appeals then
move to the international level through ICAO
- initially through arbitration by the ICAO
Council, then through arbitration by an ad
hoc tribunal. The ultimate level for judicial
activity is the International Court of Justice in
the Hague. However, like many international
organisations, only recommendations, not
enforcement can be provided. 54

Schubert, F.P.: Warsaw Claims and ATC
Liability:
Addressing
the
Global
Dimension
of
Aviation
Liability,
Proceedings of the Conference Air and
Space
Law
Challenges-Confronting
Tomorrow, Annals of Air and Space Law,
Vol. XXII, Part I, pp. 241, 1997
Thaker, Jitendra: e-mail
June-July, 1998

One method which could strengthen
compliance with implementation of the
ThirdEye system is for aviation authorities to
follow a standard method of setting
appropriate regulations like ICAO's SARPs
(Refer to Section 2-2.1). After ICAO approval
of the system, regulatory bodies in specific
regions/ nations could declare that all aircraft
entering the particular airspace must have
the ThirdEye system by a certain date. In this
way, aircraft are forced to add the system if
they choose to operate in countries with this
regulation. Before the 2015 implementation
deadline for all airlines, airlines could join
consortia/ code sharing agreements. In this
way, airlines which choose not to comply
immediately could 'connect themselves' with
other airlines which have implemented the
ThirdEye system. This could continue to
allow passengers convenient access to all
nations during the system implementation/
deployment phase.

Transport Canada: Licensing, Registration
and Airworthiness, p . 1-3, December 30,
1990. More specific references may be
found in Transport Canada: Licensing,
Registration and Airworthiness, Annex
A, p . 1-1, comma 2.4 and 2.5, April 27,
1995
Van Dam, R. D.: Regulating international
civil aviation: an ICAO perspective, in
A ir and Space Law: De lege ferenda, Part II:
Criminal Air Law, p. 90, Tanja MassonZwaan and Pablo Mendes de Leon,
Martinus Nijhoff publishers, Dordrecht,
The Netherlands
White, John: e-mail correspondence, JuneJuly, 1998

53

E-mail correspondence with John White of
lATA, 4/7/98

To further increase compliance by airlines
and nations, it will be critical to clarify the
benefits of the system over the costs
necessary to install and implement the
system.

54

E-mail correspondence with Mr. Jitendra
Thaker of ICAO 29/6/98

Selected References:
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5-6

maintenance and updates. Updates are
defined as the different updates to the initial
system and the retained profit for the second
generation

COSTING AND PRICING

5-6.1 Assumptions Concerning
Costing and Pricing

Table 5-6.1 shows the different cost elements.
The costs are divided into three major
segments : air, ground and space.

1) For the air segment, the individual units
will have to be certified by civil aviation
authorities.

The ATM Network links the different TRCs
with its operational partners (see section 34.2). The costs have been extrapolated from
existing actual telecommunication service
providers based on a fixed monthly fee. The
DEM development cost has been calculated
from actual data from remote sensing
companies (i.e. SPOT Image and others) and
the calculation method of the DEM cost is the
following: from the actual prices from the
raw data to a DEM per square kilometre, an
estimate has been calculated for the global
DEM by simple multiplication, and taking
into account the required spatial resolution.
The SRTM is a NASA project using SIR-C
which will cover an area from 60 degrees
North to 60 degrees South and that may
make data freely available (reference JPL
web site). Table 5-6.2 shows an overview of
the different costing figures related to this
DEM.

2) The GNSS receiver on the aircraft will
have an output data port.

3) The price decrease by 2015 has been
estimated in this study to be 8 times for
transistors. Considering that avionics are
not completely mass production and
have less economies of scale, it is
assumed that the cost of avionics devices
in 2015 will be divided by 3.

4) By 2015 an A TM network will cover the
whole globe, and the costs of the ATM
communication are assumed to be
divided by a factor 1.5 in 2015.

5) Weather information is free in certain
regions of the globe.
The different costs are given in 1997 US
Dollars. Taxes have not been included into
the figures given here. A number of prices
were determined by bench marking and then
applying the different price reduction factors.

5-6.2 Costing Elements
The costs given are seen from a ThirdEye
organisation point of view only (i.e. what the
ThirdEye organisation will have to finance by
itself, to be able to implement its collision
avoidance system on a world-wide basis).
The individual costs are based on a one unit
basis on ly and do include the redundancy as
defined in the section system.
The air segment cost is for one unit, sale price
to the airline manufacturers. The structural
costs are considered as a one time cost:
buildings, initial software packages etc. The
operational costs cover all the recurrent costs
induced by the organisation, the maintenance
and operation costs: building charges,
payroll,
software
and
equipment
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Table 5-6.1: Overall Costing Figures

Ground

Cost Elements

Stmdural Operational Cost

Cost Eiements

US$

$~mnell.t

per tJS $ I year

Communication
650
6 700

243 600

Communication Total

7350

z43 61J6

lTRC
Communication Total

66150

2192400

169 502 589
DEM Development
DEM Databases servers
532 000
ThirdEye
Working
62500
Station
Billing Software
600 000
Data Archiving
30 000
Algorithm
1400 000
development
Aircraft Database
90 000

8 475 129
53 200
6250

t

i9 690343

i o54ti1

Hard & Soft To-tal 9

177 2l3089

9487179

5 000 000

1 000 000

700 000

7 087 500
t~d$75®

ATMNetwork
VHF Antenna

9TRC +l.f.Q
Hard & Soft

Hard &: Soft To.tal

6 000
3 000
14 000
30 000

TRC

WI\Cs
Building
Third

Regional
Centre
HQ

Eye

4$ 7ij~ O,~Q

R~il4Jng T~.!~
Personnel

StaffHQ
Staff per
operation

15 000 000
2 800 000

ThirdEye

4() ZQO d(lQ

p~~oJ;ln~J wt~

Spac::~

Segment

Transponder

15000
Links
ThirdEye Centre

fm'At Ground &
&P.!~~ $!lgmg'
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The DEM database servers and the ThirdEye
working station are extrapolated from
current prices of servers with all the
equipment needed to handle the specified
amount of data. Price reduction factors have
been applied.

need around 40 people.
The space segment cost estimation is based
on ICO MEO constellation ss which should
be in place before 2015. The estimated prices
using this satellite constellation were used
for the communication costing and are
between $0.00065 to $0.005 kbps. The service
has been seized to handle 15000 links
simultaneously. The costing will be
explained in the economic study below.

The software's costs are from actual
software companies by estimating the
development and testing time of the
software. Ten people will be required for a
duration of one year during development (at
US $ 80 000 each) and another ten for one
year testing in the fully deployed ThirdEye
system (at US$ 60 000 each) .

5-6.3 Economic study
The economic study will demonstrate the
economic viability of the project. Three
scenarios have been evaluated. The first
being the whole system, the second the most
profitable, the last the less profitable TRC.
This enables the prices of the service to be
defined (by determining the break-even
point) as well as the license and leasing fees
for each TRC.

The data archiving system records all
relevant data for every aircraft in the system
and stores it for 24 hours. A simple
archiving software can be used, the server
does not need large disks.
The buildings have been benchmarked from
an unofficial cost of an Iridium ground
station, a reducing factor has been applied
in order to take into account the reduced
complexity of the TRCs. The HQ operational
costs are derived from current Montreal
office pricing for leasing.

5-6.3.1

The economic revenues

Table 5-6.3 shows the different operational
costs and revenues for the global ThirdEye.

The personnel costs are based on actual
salaries in international companies or
institutions. It is estimated that the HQ will
need around 150 people and each TRC will
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EUROCONTROL: Satellite Perspectives for
CNS/ATM, Note number 29/97 Task 014,
December 1997

Table 5-6.2: Overall Costing for DEM

Surface
-~

Natural Layer tOOm res.

Airports layer (40000 in
20x20 km) lQm res.

Total cost

~m.?.

Using SRTM 30m lor sO%
~ sJ»txr +.o''?

134 100 000 $

3.06

$409 750 000

$ 81 950 000

16 000 000 $

2.64

$42 256 903

$42 256 903

Man-made High Objects 150 100 000
t4x~r
Curre-nt Globa I

tostper

?

?

ThirdEye

?

$452 006 903

$ 124 206 903

$339 005177

$ 93155177

GIS c~st

:ThiTdiye GIS CiJSt in
~Ql5 J.'f;@@l9.~ lf~)
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5-6.3.2

The ThirdEye as a whole

The initial inveshnent has been
distributed over 6 years. It is
assumed that the aircraft will begin
to be equipped with ThirdEye
system starting in 2010. It is
considered that each year an
additional 20% of aircraft in a
region will be equipped. Table 5-6.5
Illustrates the profit and loss
account and the break even point.

Table 5-6.3: Costs and Revenues for the global ThirdEye
per year
Aircraft Number

15000

tJp.~A·!\tl C9~s
Bit rate/aircraft {Kb/sec)
Price of 1Kb I sec (ICO)
Cost/ aircraft/ min
CostI aircraft I year
Transponders
Transponders 2015 (12)
Hard & software
Buildings
Personnel
ATMs

$
$
$

$1
$
$

6.5
0.00065
0.2535
133 240
998 594 000
999 297 000
9 593 379
16 087 500
40 200 000
2 436 000

$
The ThirdEye as a whole achieves
$
the break-even point after just 1
$
year of operation. The price
$1 067 61'3 379
charged to the airlines is US $ 0.20 ftotal Cos~s I Wurld
.,_
per minute which represents an T-ota1~ts /1 r~g~on
$ 11'86gp1~
average of 0.5% cost on the airlines :g~Vt:!mtEIS
.
profit margin for one flight. This
Airline companies
information has been extrapolated
$
02
from the number of seats in a Fee per minute/plane
-Aircraft
$1
576
800
000
standard aircraft, the price of a
ticket and the revenues generated leneBt
$·l.~~g1
by them, considering a 10% profit Cost per plane
71174
$
margin. The bonds' interests and
revenues per plane
105120
$
reimbursement are taken into
account in the "out" column. The bonds are
over a 10 year period w ith an interest rate
of 10 %, the amount of which correspond
Table 5-6.4: Bonds Interests and Reimbursement
to the global ground inveshnent over 6
years, see Table 5-6.4. The interest has
interest plus
been kept very high to be conservative in
the figures.
~ .·...-.·.:·!-'~·=·

-~-~~=·:·:-:-:-:·:· :·:-.
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Table 5-6.5: Elements of Profit and Loss Account

generation. An average license fee has been
first calculated. The simulations conducted
allowed us to integrate the license fees in the
Regional scenario and adapt them to the
region ThirdEye business outlook.

5-6.3.3
Elements to be taken into
account for the License Fee.
As shown in Table 5-6.6, the license fee will
be used by the HQ to support its own
activity and prepare for the second
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Table 5-6.6: Elements for Average License Fee per ThirdEye Centre

5-6.3.4

Even with a very low share of the world
traffic, that region is profitable in 2013, after
3 years of operation thanks to the adapted
license fee. Therefore, this implies that this
region is subsidised b y the more profitable
TRCs. This result is consistent with the
organisational and economic
studies
presented in Appendix G and with the best
scenario case.

Worse Case Scenario (Africa)

Table 5-6.7 illustrates the profit and loss
account and the break even point for the
ThirdEye Centre of the African region. The
license fee are adjusted in order to have this
region profitable as soon as possible. The
first 6 years, the system will pay only 25% of
the license, the 6 next year only 50% to have
a 75% license fee after that.
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Table 5-6.7: Simulated Elements of the Profit & Loss Account for ThirdEye Regionall Centre

Year

-cud

in

fi17
ZOO!.
M9
~!Jl'Q

$ 12 245 563
$ 13 042 341
$ 13 918 798
$ 14 882 900
$ 16 039 822
$119 678 939 $163 987 200

i01i $?3'0 110 78~
261~

$,$:~1" 914

490

$341 742 626 $491 961 600

101$, $452 774 469 $655 948 800

4914
20~
101~

.101'?

2o1a
:ld,~~

20"20
~·=

~t:
~~~

iDZ$,
l0!4
:W~
:ID~
11 "~7
2·!2
1~¥,
~0~

203U

2es1:
t0S2
tt133

~.:

2$4
~5

$508 290 391
$570 014 976
$564 738 741
$564 532 944
$564 482 861
$564 532 944
$564 738 741
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662
$557 603 662

Adapted Lic-ense
li~P

~ $ 11521 219
~
~

Cumulative

profit

$737 942 400
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000
$819 936 000

$ (11 521 219)
$ (23 766 781)
$ (36 809 122)
$ (50 727 920)
$ (65 610 820)
$ (81 650 641)
$ (37 342 380)
$ 97 i63 61<8! $ 59921238·
$150 218 974 $ 210 140 212
$203174 331 $ 413 314 543
$229 652 009 $ 642 966 553
$249 921 024 $ 892 887 577
$255197 259 $1148 084 836
$255 403 056 $1 403 487 892
$255 453139 $1 658 941 031
$255 403 056 $1 914 344 087
$255197 259 $2 169 541 346
$262 332 338 $2 431 873 684
$262 332 338 $2 694 206 022
$262 332 338 $2 956 538 361
$262 332 338 $3 218 870 699
$262 332 338 $3 481 203 037
$262 332 338 $3 743 535 375
$262 332 338 $4 005 867 714
$262 332 338 $4 268 200 052
$262 332 338 $4 530 532 390
$262 332 338 $4 792 864 728
$262 332 338 $5 055 197 067
$262 332 338 $5 317 529 405
$262 332 338 $5 579 861 743
$262 332 338 $5 842194 081
$262 332 338 $6104 526 420

$ (11 521 219)
$ (12 245 563)
$ (13 042 341)
$ (13 918 798)
$ (14 882 900)
$ (16 039 822)
$ 44 308 261

5-6.3.5
Best Case Scenario (North
America)

Table 5-6.8 shows the profit and loss account
and break even point for the ThirdEye
region 6 centre (North America).
In this scenario, 52% of the world traffic is in
region 6 (North America). The break-even
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$
$
$
$
$
$
$

11521219
12 245 563
13 042 341
13 918 798
14 882 900
16 039 822
8 647 095

$

8 64709'5.

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

8 647 095
8 647 095
8 647 095
14 855 759
7184 643
7 030 295
6 992 733
7 030 295
7184 643
1833 333
1833 333
1 R33 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333
1833 333

point is reached after one year of operation.
The initial investment for this region is taken
into account in the first 6 years through the
license fee. The cumulated profit allows for
such a region to support the burden of high
licensing and leasing fees. The licensing fee
is multiplied by a factor 1.75 during the first
6 years and y a factor of 1.5 for the next 6
years to finally a factor of 1.25 in order to
"subsidise" the region 1 for example.
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Table 5-6.8: Simulated Elements of the Profit & Loss Account for the ThirdEye Regional
6 Centre

5-7

programmatic factors, or arise from the
difficult legal and political environment. In
order to prevent risk factors from
jeopardising the project or the intended
benefits, it is important to define an effective
risk management strategy. This implies
identifying the sources of risk in all areas of
the programme and their likelihood,
assessing their impact on the project and
defining
whether
appropriate

RISK ANALYSIS

As for any major programme, a number of
risks may be associated with the ThirdEye
design and development. Some are of a
technical nature, stemming from the
possibility of design errors or contingency
situations. Others entail business and
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countermeasures are required to bring them
to an acceptable level.
The risk management approach for the
ThirdEye project is set forth by identifying
and addressing the most serious sources of
risk. The technical risks that may result in a
violation of the system requirements defined
in the RAMS analysis are d etailed in the
FMECA (refer to Section 5-7.2), where
failure cases are analysed and classified by
effect and severity, and design alternatives
are set forth to comply with the failure
tolerance requirements contained in the
Functional Specification (Refer to Annex B).

5-7.1 Risk Identification and
Evaluation
Risks to the system have been identified and
classified in the following tables, according
to the following scheme:

•

High probability - must be managed

•

Critical risk - must be managed

•

Medium probability, major risk should be
managed

In the following tables the risks to be
managed are indicated by the shaded cells.
All other risks have either a low predicted
impact and/ or are unlikely to happen.
Therefore, at this stage of the project, it has
been decided not to mitigate them but to
assume the consequences.

Table 5-7.1: Technical Risk
Impact
Probability
Low

Minor

Critical

Major

all satellite Uhks fMl
,,~Eey~.r{ll 'Fbj;r,~,y.~ ~*'1it.Jt9 g-QWR,

Medium
High

Table 5-7.2: Political, Legal & Regulatory Risk
lm£_act
Probability
Low

Minor

Medium

- ThirdEye
becomes
too focused
on the
needs of
Western
countries

High

Major
- lack of shift towards a
civilian positioning service

Critical

-Thir&Eye lads te achieve
e~"ti:oo w~~y ~~giQM

-ICAO is sl'ow and fails to
prusuade nationalregwatollS to
make 'FhirdEye mandatory

· -War breaks out
- Lawsuits against ThirdEye
Qt1&1ID.i~ti9F

93

MSS97/98

ThirdEye: An Aircraft Collision Prevention Tele-service

Table 5-7.3: Business, Marketing & Programmatic Risk
Probability

Impact
Major
- ThirdEye appears on the
market too soon

Minor
Low

. - tcAO refuses fo ma1ke

Medium

1nir-dEye mandatory
- Thll:dEye price is too high
- strong competitors tlome out

Critical

- ~e ap.peats on the marke:t
too late
~ delays in implementing 'the
ground, space and/or akb0me
~gment

- same eustome~ do not p-ay

High

fo.r th~ ~~n':i~si~ll¥~~4
Table 5-7.4: Financial Risk
Probability

Impact
Major
Critical
private investors pull out in the
!middle of the project
national govemm~nts do not ',:the -system cam\Ot be funded

~---------r--------------------L---~------------------------~

Minor

Low
Medium

~ppro,y.~ ~d.iQgfqor

tb.e ~~m

~~ ~v~

developmg eountrles can not
.~. Wtm~ fh~..~M?.t~:m

High

Table 5-7.5: Human Risk and Unforeseen Events
Probability
Minor
Low

Medium

Impact
Major
Critical
ThirdEye workers strike
rsahotag.e
(indu strial action)
fae, floods, earthquakes

aircraft less of
·ommunicatio:ns due to external
~us~ (1H~, \\'~fu~f)

...

High

Technical risk

5-7.2 Risk Management

5-7.2.1

The following is a case-by-case analysis of
the risks that are deemed critical to the
success of the system and must be managed .

All satellite links Jail: This event is either the

MSS97/98

consequence of multiple failures, and is
therefore beyond the system requirements
(except for d etection of the loss of service),
or the result of external causes (e.g. major
solar storms). A redundancy achieved
through a secondary satellite system
(beyond the redundancy already described
in Section 3-7.1.1.3), may not give additional
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benefits. It is therefore decided that only the
detection of the loss of service will be
provided, and that aircraft shall rely on ATC
for conflict management when ThirdEye is
not available.

Several ThirdEye Centres become unavailable:
Independent of the reason, this risk is
managed by having each TRC provide a hot
redundancy for another regional TRC (the
redundancies
being
allocation
of
reconfigurable). This allows for the
continuation of nominal operations worldwide after as many as four TRCs become
unavailable (for a system with nine regional
centres). No risk management is envisaged
beyond this level.

Common-mode failures: These are failures
which may affect the main system and the
redundancy at the same time, thus
preventing the achievement of the singlefailure tolerance required in the functional
specification (refer to Appendix B). Errors in
software (or, more rarely, hardware) design
and development, unforeseen fault paths,
and dependence on external resources are
among these. Starting in Phase A of the
design, fault-tree and sneak-fault analyses
shall be performed to identify as many
single-point failures as possible and to
define appropriate countermeasures. With
respect to software development, there
always exists the risk of an undetected bug.
Therefore, even with the existence of
methodologies focused on reducing the
occurrence of these bugs, a lengthy
validation and test phase has been
scheduled in the implementation plan, so
that
extensive
debugging
may
be
performed. The use of commercial operating
systems and hardware platforms may
further reduce the risk of encountering
previously undetected design errors.
5-7.2.2

Political, Legal and Regulatory

Risk

ThirdEye fails to achieve certification in key
regions: Two major actions must be
undertaken to minimise this risk. Firstly, a
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rigorous quality management philosophy
must be implemented throughout the
programme, to ensure that the quality
objectives are met in terms of performance
achievement and reproducibility. Secondly,
early co-ordination must be sought with
certification authorities in order to detect
and solve problems (for all segments of the
system).

ICAO is slow and fails to persuade national
regulators to make ThirdEye mandatory: If such
a case arises, the system may have
difficulties being implemented as there
would be an insufficient market to make the
system widely accepted. This in turn may
slow down the certification process in
different countries and limit the access to
funding sources. The mitigation strategy
consists of persuading key countries (i.e.
United States, Japan, Europe) to make
ThirdEye mandatory in their respective
jurisdictions, so that through the size effect,
the system will become a de facto standard
world-wide. This move could appeal to
governments willing to provide indirect
subsidies to the avionics industry, without
violating laws and treaties preventing state
aid to local enterprises. At the same time, an
appropriate public relations campaign (i.e.
media coverage, lobbying, user groups)
should make the public aware of the issues
and the advantages of a mandatory status
of the ThirdEye in each state.

War breaks out: There is no prevention
against war. Ideally, the TRC will be located
in states that are traditionally stable from
both an internal and external political point
of view. In the event of a war, it is not
inconceivable that the ThirdEye Centre
could be used to the advantage of one state
and the disadvantage of another. It is
possible that if a war breaks out between a
state that contains a ThirdEye Regional
Centre and another state within the same
region, access to the ThirdEye system could
be denied to the warring states. In a case like
this, the ThirdEye HQ, which will be subject
to the political influence of a larger number
of states (due to its ties with ICAO), would
have the power to shut down or isolate the
ThirdEye Centre in the warring region.
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Backup services to all states in the affected
region not involved in the conflict will then
be provided from another regional ThirdEye
Centre, as in the case of the failure of a
regional centre described in Section 3-6.2.

ThirdEye provider is faced with bad debts
from a customer, the regional centre may
find it impossible to cancel the services for
these customers because of safety concerns
and political pressure in the region. This
seems even more likely to occur with
national airlines of some developing
countries. Requiring a deposit at contract
sign-up should protect against bad debt in
most cases. Factoring, i.e. selling the bad
debt to a specialised financial institution, is
also an attractive option. However, this may
not be viable for some customers who are
high risk and have a low probability of
recovery.

Lawsuits: Two principal kinds of lawsuits
could be filed against the ThirdEye
organisation: 1) liability claims following an
accident which ThirdEye did not prevent, or
which was caused by the ThirdEye system,
and,
2) claims for breach of contract in case of
service interruption. The first case is the
most crippling from a financial point of
view. It should be handled through careful
drafting of contract clauses in order to
clearly define the responsibilities of the
ThirdEye organisation (knowing that the
market will not accept the refusal of any
liability). Third-party liability insurance will
not be available at a viable rate until the
system proves its reliability, and by then it
may be superfluous because of the low
probability of accidents. Claims for contract
breach will be easily avoided by excluding
responsibility for cases of "force majeure"
and acts of God.

ThirdEye price is too high: In order to reduce
the cost in early operational stages, one TRC
can cover two regions until such a time
when all nine centres reach the break even
point.
Delay in implementation: A standard scheme,
vis-a-vis the manufacturers is the use of
incentives for early delivery and noninsurable penalties for late delivery of
system components. Another mitigation
strategy is the contracting of multiple
companies (possibly from different regions)
in order to avoid a complete loss if a
company fails to meet its obligations.
Another possibility is the inclusion of
internal deadlines such that if the system
development runs behind schedule, the final
product may still be completed by the actual
project
deadline.
Since
the
space
telecommunications segment will
be
provided by commercial operators who will
offer the required capacity, coverage and
performance
well
before
2015,
an
implementation d elay due to the space
segment will be unlikely.

5-7.2.3
Business, Marketing and
Programmatic Risk

ThirdEye appears on the market too late: There
is no guarantee against a late start on the
market , although constant monitoring of the
aviation industry technology market and
trends throughout the definition and
development phase may minimise this risk.
It is also crucial to build up relations early
with potential customers and important
players, such as airlines, ATCs, pilots, and
equipment and aircraft manufacturers,
through user groups or similar structures.

5-7.2.4

The system cannot be funded: One solution is

Some customers do not pay for the service
delivered: The probability of bad debt

to get loans to make up for the missing
equity
from
international
financial
institutions, especially those tasked with
financing development projects, such as the
World Bank and the International Monetary

depends on the type of customer willing to
use the system (a large profitable airline
may be less problematic than a small islandhopper operator). In the case where the
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Fund. Some regions have set up specialised
banks to finance the development of a
particular group of states. In Eastern Europe
and the former USSR, for example, the
European Bank for Reconstruction and
Development is a potential player in
financing the ThirdEye system. It should be
noted that procuring loans or bonds may be
especially interesting even if the whole
capital has been subscribed, as this will
reduce
dependence
on
investors
(particularly if the company is not publicly
traded).

Developing countries cannot afford ThirdEye:
Developed countries (or their regions) may
have to support under-developed regions in
order to achieve global coverage. There are
different strategies to achieve this objective.
Firstly, the contracts to equip developing
regions may be awarded to companies from
donor states according to the respective
level of contribution. For example, regions
seven (North Atlantic) and eight (Pacific
Ocean), have no aeronautical industry, but
still require the ThirdEye coverage. This
coverage shall be provided by other regions,
but use of local resources shall be used
whenever possible. This is another way
through which governments may legally
subsidise strategic industries, and support
them in gaining a foothold in some regions
of the world. Secondly, the contracts to
provide the ThirdEye service in a given
(profitable) region could be written to
include the obligation of serving a
developing world region as well. For
example, in order to obtain its licences from
the ThirdEye HQ the North American
region operator could be requested to assist
in the operation of the South American TRC.
The financial support that might be required
from developed countries may further be
made possible by the fact that the money
spent on helping developing regions getting
their ThirdEye Centre operating may count
as aid to their development.

Cost overruns: Cost overruns are very
common in developing and implementing a
new system. Fixed price contracting,
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although attractive from a theoretical point
of view, may actually increase the costs if
the system specification changes frequently
during the project. The most reliable
solution would be the use of effective
monitoring and transparent accounting
practices. Another option is to use cushions
or margins in the budget so that cost
overruns will not bankrupt the project.

National governments do not approve funding
for
the
ThirdEye
system:
ThirdEye
development might not require extensive
public money, at least in some key regions.
Instead of having national governments
allocate funds for the system in the yearly
budgets and run them through the
legislative branch for appropriation, it is
preferable to go through non-partisan
institutions organisations (like the World
Bank) that are not under strict political
control. Lobbying and public supportbuilding would be necessary in any case, at
least to receive high-level endorsements (see
political risk).
5-7.2.5
Events

Human risk and Unforeseen

Human error: Operational mistakes by pilots
as well as ThirdEye Centre operators can
cause serious problems, which may be
prevented through proper training. Another
way to reduce human error is to adopt an
incentive and penalty system based on job
performance.
Sabotage, terrorism and ransom: Due to its
world-wide operations and its impact on air
travel safety, the ThirdEye and its facility
can constitute a high-profile target for
different types of sabotage or attack.
Effective security, such as access control and
restriction, personnel screening, antiintrusion systems and procedures measures
must be put in place, during the
development and validation phase. It is also
important to prepare a strategy to deter,
detect and avert computer intrusion over
communications networks. The computers
that do the online processing be isolated
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from systems which are used for other
applications (e.g. office automation) and that
have interfaces with external public
networks (e.g. Internet).

In the regional centre, the possible failures
could be processing a error resulting in
incorrect information, a weather data
generation error, incorrect OEM data stored
in the computer or total failure of the
ThirdEye operation. These could cause
wrong decisions resulting in loss of life and
property. Its criticality can be from Marginal
to Catastrophic so that the compensation
method shall be provided by ThirdEye to
these effects.

Fire, floods, earthquakes: The redundancy
provided between ThirdEye centres in
different regions is sufficient to reduce this
risk to a very low level. However, from a
financial point of view, it is important to
insure the ThirdEye assets against damages
caused by so-called acts of God.

The failures taken into account are at a
functional level, since more detail would not
be consistent with the design maturity. In
the regional centre, only four failure modes
have been identified: two related to the data
processing, and two linked to external or
database data. In case of failure 01, for
example, the Stop Working failure could be
due to power outage or major computer
crash; however, from a functional level at
this stage the result is not much different.

Aircraft loss of communications due to external
causes: It is known that some atmospheric
phenomena like heavy rain may severely
reduce the performance of satellite-based RF
links. Under some circumstances this may
result in loss of communications. At this
stage of the project it is not possible to assess
sufficiently the extent and the likelihood of
the problem, notably because the service
provider (and hence the exact frequency
range) has not yet been selected. However,
this point must be addressed by the end of
Phase B, and if no technical solution i:s formd
(or if the technical solutions are overly
expensive) a solution shall be sought by
allowing in the contract for temporary
service interruptions due to weather causes.

It is also interesting to point out that the

same failure may have radically different
effects, and hence different criticality. This is
mainly d ependent on the condition of the
aircraft (under the risk of a conflict or not);
and this mode-dependency can be studied
in full only through a fault-tree analysis. In
order to highlight these different cases, they
were given separate ID numbers.

5-7.3 Failure Mode, Effect &
Criticality Analysis (FMECA)

The case of interference by external systems
(like the onboard avionics) onto the system
is covered b y the functional failures listed
(for the aircraft they are cases 13 through 15,
for example). The case of interference
caused by the ThirdEye system to external
systems is not addressed in this FMECA,
because it is not possible to assess the
consequences at this stage. During the C /D
Phase detailed analyses on these issues
(more related to EMI/ EMC engineering
than Product Assurance) shall have to be
performed for all aircraft which will operate
while utilising the ThirdEye.

During the course of a project it is common
practice to perform an analysis of the causes,
effects and solutions of system failures using
two types of analytical approaches: the top
down (e.g. fault tree analysis) and the
bottom up (e.g. failure mode, effect and
criticality analysis (FMECA)). However,
given the time frame of this pre-phase A
project, only the FMECA was performed.
During the next phases of this project, the
fault tree analysis should be performed in
order to evaluate the effectiveness of the
compensation methods set forth in the
FMECA (Refer to Appendix B for details).
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ID
01

02

Component
Ground Centre

Failure Mode
s top working

Effect

Criticality

I

Loss of air-to-air Third Eye Catastrophic
(loss of life and property if
handling a conflict)
Ma rginal

processing error p roducing I False alarms
wrong information

Non-detection of an air-to-! Catastrophic
a ir con flict

03

Compensation Method
Backup for
red undancy)

the

ground

centre

(hot

An alarm to the pilot onl y after 2
consecutive consistent confl ict d etection's, o r
2 d etection's out of any 3 cycles

pe rforming
verification

h ealth

check

and

data

Redundancy m anagement (FDIR)

ATC (on high traffic area, i.e. where the risk
is high) ca n d etect poten tial conflicts before
collision
independent system (TCAS-I ike) mandatory
if ATC compensation deemed ins ufficient
Wrong avoidance s trategy ICa tastrophic
produced

04

Performing
veri fication

health

check

and

data

Redundancy management (FDI R)

OS

Weather
erro r

data

generation 1 Wrong forecast

101

Ca tastrophic

Use data from national weather centres
which has alread y checked with regional
centres data and models

MSS97/ 98

ThirdEye: An Aircraft Collision Prevention Teleservice
Uplink of weather data Catastrophic
concerning the wrong area

06

07

Wrong OEM data stored

Marginal

False alarms

08

Non-detection of an air-to- Catastrophic
ground conflict

09

Computed
air-to-air Catastrophic
avoidance
manoeuvre
conflicts with terrain

10

Telecom space segment

Catastrophic

Loss of signal

Loss of Third Eye

11

Degradation of signal

Non detection of an air-to- Catastrophic
air conflict

12

Loss of positioning data

Loss of ThirdEye

Catastrophic

inaccurate Loss of Third Eye

Catastrophic

13

Positioning space system

Wrong
or
positioning data

14

Air segment

Telecom receiver failure
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Loss of ThirdEye
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Catastrophic

Check the weather data against current
aircraft position

Have 2 data providers and take the "safest"
terrain or obstacle height
Appropriate update freq uency (varying
from location to location)
Appropriate update frequency (varying
from location to location)
In-situ validation of most dangerous
elevation profiles (e.g. near airports)
Appropriate update frequency (varying
from location to location)
In-situ validation of most dangerous
elevation profiles (e.g. near airports)
Have 2 data providers and take the "safest"
terrain or obstacle height
Redundant telecom link (space or groundredundant
transponders
on
based):
redundant spacecraft. Some cases are not fail
operational (e.g. h eavy thunderstorms)

Service availability and data integrity
indication
Data protection: single error correct, double
error detect
Redundant positioning system available in
space (e.g. today's G LONASS) or onboard
(IRU)
Monitoring of positioning data integrity
Redundant positioning system available in
space (e.g. today's GLONASS) or onboard
(IRU)
Monitoring of positioning data integrity
Redundant receiver (hot redundancy)

5. Business Plan

15

and

FDIR for switchover (onboard)
detection (on ground)
a ir-to-ground Marginal if flying Redundant receiver (hot redundancy)
(visualisation above 8 900 m,
else catastrophic

and

Positioning Receiver Failure Loss of ThirdEye

16

Onboard data management Loss ofThirdEye
system failure

17

DEM retrieval failure

18

WrongDEM

19

20

FDill for switchover (onboard)
detection (on ground)
Redundant receiver (hot red undancy)
FDIR for switchover (onboard)
detection (on ground)
Redundant receiver (hot redundancy)

Loss of
ThirdEye
function)

False a larms

Catastrophic

Catastrophic

MarginaJ

Computed
air-to-air Catastrophic
avoidance route conflicts
with terrain

Humans
(pilots
ground centre staff)

and Erroneous commands

Unwanted
configuration

Third Eye Catastrophic

and

FDIR for switchover (onboard) and
detection (on ground)
Check the DEM against flight plan before
flight
Appropriate update frequency (varying
from location to location)
In-situ validation of most dangerous
elevation profiles (e.g. near airports)
Two-step command for critical functions
with warning between the two steps
Training
Clear, user-friendly HMI.

Table 5-7-6 Failure Mode, Effect & Criticality Analysis Table
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6 CONCLUSIONS
Phase A activity, which should address,
among others, the following critical points.

With the overwhelming pressure placed on
present air traffic management, the rate of
incidents will rise dramatically unless
preventive means are taken today. This
report presents ThirdEye, a system providing
an efficient tele-service which integrates
detection and avoidance of all airborne
hazards (aircraft, terrain, weather formations,
and others) on a global scale.

6-2

CRITICAL POINTS

The most critical phase in the project is the
transition phase where in ThirdEye is
progressively implemented. This phase may
require extra planning because:

6-1

MAIN POINTS OF THE
REPORT

ThirdEye answers a specific need of the
aviation community. Present systems
provide specific regional services. The
integration of these services on a global scale
shall more efficiently satisfy the need for a
safe and collision-free environment for
aircraft.
ThirdEye is technically feasible. Although
some technical issues need to be addressed
further,
no
system
or
technology
"showstoppers" have been identified.
ThirdEye appears economically viable
worldwide. Even under very conservative
business scenarios, the system promises to be
profitable
at
an
early
stage
of
commercialisation. More importantly, the
profitability of ThirdEye
allows
its
implementation in regions that are most in
need of such a system, since they cannot
afford the traditional ATM techniques to
ensure flight safety.

•

the nature of the aviation business is
conservative

•

it may prove complex to co-ordinate the
services
between
equipped
and
unequipped aircraft

•

the time necessary for certification of
onboard equipment by national aviation
authorities may be
lengthy
and
cumbersome

•

reliability and safety of the system will be
difficult to quantify and demonstrate in
advance of full operation

•

the system implementation ultimately
depends on the willingness of the aviation
authorities to enforce it

Probably, the most difficult issues facing
ThirdEye are political and regulatory.
However, these issues concern all projects
carried out on a global scale and as such, the
success of ThirdEye will only reflect our
success in international co-operation.

ThirdEye is compatible with the world
aviation institutional framework and
policies. By complying with the political
imperatives while providing a truly global
service, ThirdEye offers the potential for
integration in a manner which is acceptable
by the vast majority of nations.
Therefore, it is recommended to pursue the
development of ThirdEye, by beginning a
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APPENDIX A
ASSUMPTIONS AND ESTIMATES FOR 2015

THIRD EYE SYSTEM ASSUMPTIONS:
1) The maximum number of aircraft involved in the same 'conflict' is 10.
~ General estimate.
2) The maximum number of aircraft within an aircraft's 10-minute zone is up to 200.
).. General estimate.
3) The maximum number of flight plans needed to be updated at a given time from ATC to
ThirdEye is 50. (An update consists of the co-ordinates in which a tum into a new heading is
made.)
);;. General estimate.

WORLD-GENERAL:
4) The World System will be relatively unchanged; with continued reduction of free trade barriers.
• Current world powers and their activities relating to aviation and international co-operation
will not vary greatly.
• Worldwide wealth distribution patterns will remain relatively unchanged. (Economies of
wealthier nations will begin to draw closer together, as some nations experience a slowing of
economic growth, and as the effects of economic globalisation draw the powerful parties closer
together.)
,_ Although major events may occur, current trends do not show dramatic changes in the
existing World System in the next 15 years beyond increased globalisation. As
international aviation is highly government-managed, this assumption emphasises that
there will be few changes in this field by 2015.
5) No major wars or political upheavals will have produced extreme distrust among states such
that international co-operation and the flow of information between states will not be a major
obstacle.
Local/bilateral conflicts (e.g. India/Pakistan) will continue to p rove obstacles to
international co-operation, but for the most part no new "Cold War-level," global
divisions will occur, which would impact global aviation.

>-

6) ICAO, or an organisation with similar duties, will exist.
Y Currently there does not appear to be major dissatisfaction with ICAO, nor are there
existing plans for changes to the organisation; therefore we will assume that this
organisation or one similar to it will influence aviation in 2015 and should be taken into
account.
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AVIATION:
7) There will be approximately 25,000 aircraft in the air at any one time. (By 2035 --the 'end' of the
ThirdEye design lifetime-- there will be 45,000 aircraft in the air at any given time.)
• A similar number are one the ground at any given time.
-,. Current trends in civil aviation (airlines and general aviation) should be unchanged as
far as number of passengers, aircraft, and geographic distribution are concerned.
8) The international language in the aviation field will be English.
)> Current trends are not moving away from this general practice. By 2015, we expect
that English will be officially adopted as the working language of aviation, worldwide.
(See also Nordwall, B. D. : FAA - English ATC Standards Needed, Aviation Week &
Space Technology v147n13, pp. 46-47, 1997.)
9) The metric system I Systeme Internationale will be standard.
).- Despite the reluctance of many states, the metric system is being adopted by an
increasing number of states. (See also ICAO: Units of Measurement to be Used in Air
and Ground Operations, Annex 5, 4th Ed., July 1979.)
10) Sub-orbital flights may occur.
,. Current sub-orbital flight development program trends seem to support the feasibility
of having such aircraft flying by 2015. This will be an input to the system we cannot
discount.

GEOGRAPHIC INFORMATION DATABASE:
11) Computing speed and storage technology will be sufficient by 2015 to maintain and update a
global geographic information database.
General estimation.

>

12) Only the DEM of airport zones and the man-made obstacle layer will need to be updated as
often as needed.
• There will be development of tall buildings or other such objects near airports in some cities,
such that the DEM will have to be updated periodically.
• Airports will be asked to notify the organisational center for the DEM when an update needs to
be made.
Outside of airport zones, most aircraft will fly high enough that the critical features on
the DEM will be terrain features such as mountains. Where aircraft are outside airport
zones but must operate at low altitudes, existing methods will be used in conjunction
with the ThirdEye DEM. (Detail in the DEM outside of airport zones may increase
over time, in response to user needs.)

>

13) The DEM database will have 10m resolution in airport zones.
Remote sensing and GIS activities are such that in the future, information at this scale
will be available on a global scale.

>
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WEATHER INFORMATION
14) Real-time, global1 km resolution weather data will be available from geostationary satellites.
> Meteosat Second Generation, currently in development, is intended to have this
capability.

NAVIGATION AND POSITIONING
15) GNSS II or equivalent should be available during the timeframe of our project providing up to
level B of service worldwide (refer to section 4-1.1).
• The requirements imposed on the GNSS system by the civil aviation field are already welldefined and are the primary requirements upon which the GNSS system is currently being
developed. As such, these requirements and the mechanisms developed to meet them will
most likely remain the basis of the mature GNSS system as well.

COMMUNICATION:
16) Capacity availability will increase 10 times from the current (1998) capacity by 2015.
From trends in Nelson, R.A.: V-Band: Expansion of the Spectrum Frontier, Via Satellite,
vXIIn2, p. 72, February 1998.

>

17) Asynchronous Transfer Mode (ATM)
segment elements.
;,... Estimate from current trends.

communication networks exist to link all ground

COSTING:
18) Prices in 2015:

>

1000 current units = 10,000 future units (price decrease by 2.5)
10,000 current units = 100,000 future units (price decrease by 2)
As per estimates from Janniere, C., et al: Mission Analysis of a Second Generation GNSS,
Alcatel Espace, Toulouse, France, 1996.

19) There will be a factor of 8 (at most) price decrease on microprocessors from now through 2015.
);.> As per estimates from Janniere, C., et al: Mission Analysis of a Second Generation GNSS,
Alcatel Espace, Toulouse, France, 1996.
20) Avionics are not mass market and do not benefit from economies of scale, therefore cost
decreases will only be a factor of 3.
);.> As per estimates from Janniere, C., et al: Mission Analysis of a Second Generation GNSS,
Alcatel Espace, Toulouse, France, 1996.
21) The cost of the ATM network will decrease in price for users by factor of 1.5.
).> General estimate from prices trends in the telecommunication field.
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22) The cost of satellite telecommunications will decrease in price for users by factor of 2.
;,. General estimate from price trends in the telecommunication field.

MSS97/98

A-4

APPENDIXB
FUNCTIONAL SPECIFICATION OF THIRD EYE

1. INTRODUCTION
Following is the Functional Specification of ThirdEye. It is based on the results of a functional
analysis performed by the team.
Some assumptions were made :
0 We assume that, by 2015, pilots will still have full authority on their aircraft. In case
uncrewed aircraft would fly by then, we assume that the pilot functions would be fulfilled
by an automatic system. In this document, "pilot" can be understood as "human pilot" or
"automatic pilot".
0 We assume that, by 2015, control centres will still manage some airspace, and that,
therefore, ThirdEye will have to interface with control centres and controllers.

2. GENERAL PRESENTATION OF THE PROBLEM
Every year, a number of aircraft do collide with others or with the terrain. These collisions lead to
loss of life and loss of property. Also a number of collisions are avoided at the very last minute
1
("airprox " ) . Appendix 1 presents some data.

2.1. Mid-air Collisions
In the USA, civil aircraft have had onboard protection from mid-air collisions since 1990. The
Traffic Alert and Collision Avoidance System, TCAS II, provides this protection. It is a selfcontained device that interrogates the transponders of nearby aircraft and presents the flight crew
with a display of their relative position. When its computer logic senses the possibility of an
impending collision, TCAS first displays a Traffic Advisory (TA), and then a Resolution Advisory
(RA), with the latter giving the crew a recommended manoeuvre in the vertical direction (such as
CLIMB, CLIMB).

1

An airprox occurs whenever a pilot or controller considers the distance between aircraft, as well
as their relative positions and speed have been such that the safety of the aircraft involved was or
may have been compromised.
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US Public Law 100-223 first mandated the use of TCAS II for passenger aircraft, and was
superseded by Public Law 101-236. TCAS II is required for all aircraft operating in U.S. airspace
(including foreign carriers) with more than 30 passenger seats.
A simpler system, TCAS I, is required for aircraft with 10 to 30 seats. TCAS I provides the traffic
display and issues Traffic Advisories, but not Resolution Advisories.
The International Civil Aviation Organization (ICAO) has established standards for Airborne
Collision Avoidance Systems (ACAS), of which TCAS is the only implementation thus far. Several
other countries are preparing to require an ACAS implementation that would be compatible with
the U.S.'s mandate.
We believe that TCAS is only an emergency "short term" collision avoidance system. While
avoiding a short term collision, it may precipitate an aircraft into a third aircraft or into the ground.
Moreover, the TCAS cost is high ($100-200 k$). We believe that there is a need for a better Collision
Avoidance System working anywhere at anytime.

2.2. Collision with the terrain
Regarding collisions with the terrain, the most common cause of aircraft accidents, one of the
systems available for civil aircraft is the GPWS (Ground Proximity Warning System) has produced
variable numbers of false and nuisance alarms, particularly early in their periods of line service.
Although ground proximity warning systems have been greatly improved since they were
mandated [in the U.S.] in 1976, they still give rise to nuisance warnings. In ThirdEye of one large
international carrier, 247 or 339 GPWS warnings during a recent 12-month period were false or
nuisance alarms (73%).
The problem of false / nuisance warnings is not trivial. If a substantial fraction of the warnings
received are evaluated by pilots in hindsight as false or unnecessary, they will not trust these
systems, even if some of these warnings are correct and could save the aircraft.
One of the newest systems available for civil aircraft is the Enhanced Ground Proximity Warning
System (EGPWS). This system can provide the flight crew a map-like display of nearby terrain and
will alert the pilot (by means of an audible sound) of a terrain obstacle about one minute's flight
time ahead or more.
As for TCAS, we believe that this system is expensive and it does not cover pilot's necessities.
Within one minute the pilot may have to avoid a ground obstacle and another aircraft, the pilot
work load induced by analysing both system alarms within that minute can lead to the wrong
decision.
Moreover, TCAS and EGPWS work independently without any exchange of information. We
believe that there is a need of a long term obstacle warning system that integrates airborne, terrain
and weather hazards in only one system in order to give the pilot enough time to execute the right
collision avoidance manoeuvre."
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3. FUNCTIONAL EXPRESSION OF THE NEED
ThirdEye need is to provide a safe, in-flight collision-free environment to the aircraft.
NB. This understates that collision must be avoided against other aircraft, but also flying obstacles
and the terrain.
Since the air traffic is forecast to grow, this need is expected to become more and more acute.

4. FUNCTIONS AND CONSTRAINTS
This section describes both the functions and the constraints ThirdEye has to meet.

4.1. Functions
Fl

Fll

ThirdEye guarantees within a margin of confidence that aircraft will not collide with
other aircraft, some airborne hazards2, or the terrain.
ThirdEye informs involved pilots about potential collision source(s) and
suggests potential cour~e(~) of action

Flll

ThirdEye shall know the position, velocity and acceleration
of a user aircraft and other aircraft and know their ID, their
type, their status and their priority

F112

ThirdEye shall determine the possibility of collision with
other aircraft, terrain or airborne hazards and continue the
tracking of all involved aircraft and pertinent data, until
avoidance is confirmed

F113

ThirdEye shall inform the pilot(s) of all involved aircraft of
the possible collision

F114

ThirdEye shall open priority communication links between
the involved aircraft and provide to the pilots all information
pertaining to the decision making of collision avoidance
manoeuvres

FllS

ThirdEye shall recommend a collision avoidance course to
all aircraft involved ASAP after first confirmed detection of
possibility of collision

2

Airborne hazards include volcano ashes, migrating geese, thunderstorms etc .. .
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Fl2

ThirdEye allows communications between pilots and the control
center(s) I controllers

Fl21

ThirdEye informs the concerned control center(s)/controllers
about the airborne hazards

Fl22

Pilots can manually enter information about the airborne
hazards into ThirdEye

4.2. Constraints
Cl

Interfaces between ThirdEye and the aircraft/pilots

C2

Interfaces between ThirdEye and the control center(s)/controllers

C3

ThirdEye shall withstand the environment

C4

General: policy, regulations, standards, flight worthiness, funding ...

5. FUNCTION AND CONSTRAINT CHARACTERISATION

5.1. Function Characterisation
Fl

ThirdEye guarantees within a margin of confidence that aircraft will not collide with
other aircraft, airborne hazards, or the terrain.

The super-function Fl is separated into two functions: Fll and F12.
Note that in what follows, ThirdEye has a worldwide coverage. By 2035, ThirdEye shall be able to
handle 25,000 aircraft simultaneously worldwide.
Fll

ThirdEye informs involved pilots about potential collision source(s) and
suggests potential course(s) of action

The function Fll is further separated into 5 sub-functions: Flll, Fll2, F113, F114, Fl15.
Flll

ThirdEye shall know the position, velocity and acceleration
of a user a ircraft and other aircraft and shall know their ID,
their type, their status, flight plans and their priority

Figure 1 below shows an aircraft accessible volumes at two times t 1 and tr
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Accessible volume
at time t 1

Accessible volume
at time t2

Figure 1. Aircraft Accessible Volumes
Knowing the aircraft characteristics and initial kinematic conditions being at t=O, it is possible to
compute all the trajectories that can be followed b y this aircraft between t=O and t=t,. It is assumed
that no flight constraint is violated (load factors remain lower than the specified values for
instance), but winds3, uncertainties and some margins are taken into account. In case of distress or
failure, the accessible volume should be expanded to take into account some otherwise
"prohibited" cases. The set of the points ending these trajectories at t=t, is called the accessible
volume at t=t,. Another accessible volume can be calculated at t=~ > t'"
The set of accessible volumes for all the times such as 0 < t < t2 is called the 4-Dimensional
Accessible Space (4DAS) between t=O and t2 • At a timet, for each aircraft, ThirdEye shall know the
4DAS between t and t+ 6t (by knowing the aircraft type, its position and speed).
If necessary, a narrower 4DAS can be defined (for instance where the comfort of the aircraft
passengers will be guaranteed).

At a given time, ThirdEye shall therefore know the position, velocity and acceleration of a user
aircraft and other aircraft with 6 m position accuracy and at least 10 Hz refreshing rate within a
volume which allows detection of collisions 10 minutes before they may happen. Note that in
crowded airspace, the 4DAS would not be reduced but less alarms would be issued (few minutes
anticipation for instance).
Notes:
1. The 6 m requirement is specified by ICAO.

3

However it may not be necessary to know the worldwide wind vector field since conservative
assumptions may be made to estimate the 4DAS.
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2. The 10 minute detection time must be considered in all directions of the aircraft.
3. The 10 minute detection time is required to have a long term prevention of the collisions and to

allow sufficient time for decision-making from the pilots and the system itself. The long-term
collision management (as opposed to last-minute TCAS) reduces pilot stress, thereby enhancing
safety.
4. The 10 Hz refreshing rate is based on current technology and is expected to be sufficient for the

system (e.g. even if an aircraft is flying at a speed of 700 m / s, ThirdEye can calculate positions
every 70 meters).
ThirdEye shall know the ID and the type, of a user aircraft and other aircraft with a 10 Hz
refreshing rate. ThirdEye shall know the status and the priority of a user aircraft and other aircraft
with a 1Hz refreshing rate.
Notes:
1. The aircraft ID is the standard registration code (it has to be known to identify each aircraft).
2. The aircraft type allows to know its performance and flight qualities (in order to estimate the

4DAS).
3. The aircraft status allows to know if it has a problem (short of fuel, engine failure, etc ... ).
4. The aircraft priority (which may increase if the aircraft has a problem).
5. The 10Hz refreshing rate is based on current technology and is expected to be sufficient for the
system.

Fll2

ThirdEye shall determine the possibility of collision with
other aircraft, terrain or airborne hazards and continue the
tracking of all involved aircraft and pertinent data, until
avoidance is confirmed

The possibility of collision shall be determined 10 minutes before it occurs, to have a long term
prevention and to allow sufficient time for decision making from the pilots and ThirdEye itself.
ThirdEye shall therefore know the position of the terrain features including natural and artificial
obstacles (reservoirs, skyscrapers, powerlines, etc ... ) all over the world at anytime.
The terrain profile shall be known with the following spatial resolution:

0 for the Airport zone depending on the size of the airport and its topography:
Vertical resolution: 10m
Horizontal resolution: 10 m

0 for the general earth surface:
Vertical resolution: 100m
Horizontal resolution: 100 m (more would be acceptable in wide,
flat areas)
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ThirdEye shall also know the nature, the position and the size (envelope) of the airborne hazards,
as well as forecasts. Airborne hazards encompass meteorological phenomena, smoke clouds,
volcano ashes, big migrating birds, etc ...
In the particular case of meteorological phenomena, ThirdEye shall know:

0 the position of the weather phenomenon,
0 the size (envelope) of this phenomenon,
0 the nature of this phenomenon (Clear Air Turbulence, storms, thunderstorms, gust winds,
up and down drafts, wind shears, hail, etc .. .),
0 the vertical profile of temperature, pressure, moisture content where the phen omenon can
be met (so that the aircraft pilot can decide to go through it or not),
0 the vertical profile of the wind vector,
0 the vertical profile of the particle density vector,
0 the visibility (use still TBC).
ThirdEye shall know a forecast of the evolution of the meteorological phenomena.
F113

ThirdEye shall inform the pilot(s) of all involved aircraft of
the possible collision

The possibility of collision shall be determined 10 minutes in advance in order to have a long term
prevention and to allow sufficient time for decision making from the pilots and ThirdEye itself.
F114

ThirdEye shall open priority communication links between
the involved aircraft and provide to the pilots all information
pertaining to the decision making of collision avoidance
manoeuvres

The information provided by ThirdEye includes:
0 position velocity and nature of the obstacles(s), according to Fl11.
0 expected time and location of collision before correction of course, with the accuracy
resulting from calculations of position and velocity as mentioned before.
Fl15

ThirdEye shall recommend a collision avoidance course to
all aircraft involved ASAP after first confirmed detection of
possibility of collision

The course(s) of action must be proposed at a time early enough before the collision to allow the
pilots to avoid it, taking into account the pilot reaction time (situation awareness and decision
making) and the aircraft manoeuvrability.
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The proposed course(s) of action must reach the pilot(s) to allow sufficient time for the avoidance
manoeuvre to executed, plus no less than 5 seconds for the pilot to be aware of the decision, decide
and react.
Whenever possible, the collision recommended avoidance strategy shall be designed so as to
minimise the subsequent involved aircraft efforts to catch up with their initial flight plans.
Minimisation of the total fuel consumption to catch up may be the optimisation criterion (TBC).
F12

ThirdEye allows communications between pilots and the control
center(s) I controllers

This function is separated into two sub-functions: F121 and F122.
F121

ThirdEye informs the concerned control center(s)/controllers
about the airborne hazards

ThirdEye shall inform the concerned con trol center(s) about what and where are the airborne
hazards, anywhere at anytime.
F122

Pilots can manually enter information about the airborne
hazards into ThirdEye

ThirdEye shall allow the pilots to provide updated information about what and where are the
airborne hazards, anywhere at anytime.

5.2. Constraint Characterisation
Cl

Interfaces between ThirdEye and the aircraft/ pilots

ThirdEye shall provide a pilot-friendly interface (ergonomics). Pilot surveys shall show a
satisfaction level exceeding 90 % (TBC, flexible level).
Whenever and wherever possible, ThirdEye interfaces with the aircraft shall use existing, airborne
standardised systems and resources (geometrical, mechanical, electrical, logical, operational
procedures ... ).
C2

Interfaces between ThirdEye and the control center(s) /controllers

ThirdEye shall provide a controller-friendly interface (ergonomics). Controllers surveys shall show
a satisfaction level exceeding 90 % (TBC, flexible level).
Whenever and wherever possible, ThirdEye interfaces with the control centres shall use existing,
standardised systems and resources (geometrical, mechanical, electrical, logical, operational
procedures ... ).
C3
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ThirdEye shall withstand the natural environment as defined in TBD.
ThirdEye shall withstand the aircraft induced environment as defined in TBD.
ThirdEye shall withstand the control center induced environment as defined in TBD.

If some parts of ThirdEye do require specific environments (air conditioning for instance), these
specific requirements shall be provided by existing means and shall not require additional
developments.
C4

General: policy, regulations, funding ...

These general constraints are described and characterised in the following chapters.

6. RELIABILITY, AVAILABILITY, MAINTAINABILITY, SAFETY (RAMS)
6.1. Reliability
RELIABILITY: The probability that an item can perform a required function under given
conditions for a given time interval.
In this specification, we use the FAA's operational formula for reliability which is:

Facility I Service Reliability = e -(Mission Time I Mean Time between outages)

0 ThirdEye shall have a reliability of 99.95% over its operational life.
0 ThirdEye shall minimise the human, operations, environmental and economic risks to
improve on the overall reliability of the system.
0 Total reliability shall be improved through appropriate system design, including existing
aircraft navigational methods as alternative backups to using ThirdEye.
0 ThirdEye shall minimise the number of false alarms.
0 ThirdEye shall be designed so that human errors are unlikely to occur during
manufacturing, installation, and operation.
0 Failures in one segment shall not propagate to another segment, but loss of information
may occur.
0 No failure shall propagate between the main and redundant chain of a function.
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0 ThirdEye shall provide for automatic Failure Detection, Isolation and Recovery (FDIR) to
meet the availability and reliability requirements. The FDIR shall provide notification of the
failures and reconfiguration of ThirdEye. Human override and cancellation of automated
actions shall be allowed at any time.

6.2. Availability
AVAILABILITY: The ability of an item to be in a state to perform a required function under
given conditions at a given instant of time or over a given time interval, assuming that the required
external resources are provided.
0 ThirdEye shall have an aggregate percentage availability of at least 99.9% per year•.
The formula for this percentage is:

Facility I ServiceOperationalA vailabilityData

Max. AvailableTime- TotalTimeOutOfService
Max. A vailableTime

=- - - - - - - - - - - - - - - = - - - -

ThirdEye shall not have any total unavailability (95% of total capacity or less), and this shall be
achieved through appropriate system design. The capacity is the number of aircraft ThirdEye may
handle under the specified conditions at a given time.
0 A secondary [redundant] system shall always be available for users of ThirdEye in case of a
total failure of the system.
0 The availability of the system shall be clearly indicated to all users prior to the flight. The
controllers shall be responsible for ensuring that appropriate system coverage is available
at all stages of the flight.
0 The controllers shall be provided with real time data to enable real-time service availability
assessment.
0 The availability of service shall be clearly indicated by simple Use I Do not Use System
labels.

• In comparison, the ATM Facility /Service Operational availability from the FAA Annual Report,
Aviation System Indicators states the figure to be 99.34% in 1997.
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6.3. Maintainability
MAINTAINABILITY: the combination of all technical and administrative actions, including
supervision actions, intended to retain an item in, or restore it to, a state in which it can perform a
required function5 •

0

ThirdEye shall be fully maintainable without having to interrupt service. Ground and
aircraft segments shall be maintained on a regular basis.

0

The desired level of dependability shall be achieved through both preventive and curative
maintenance.

0

The system shall adopt a modular design for easy assembly I disassembly.

0

The Mean Time To Replacement (MTTR) shall not exceed 30 minutes (TBC) for the ground
and air segments. MTTR is the average time necessary to identify and replace a defective
MRU in situ (it does not include, for example, the time to travel to the defective station).

0

Continuous and on-demand Built-In Test shall be implemented for the Maintenance
Replaceable Units (MRU). The BIT coverage shall be 95% down to one MRU, and 99% to
twoMRU.

0

ThirdEye air segment shall be maintained only between flights.

6.4. Safety
SAFETY: is the absence of circumstances likely to cause either fatalities, or degradation/loss of
property under predefined limits.
0 The probability that ThirdEye causes loss of life or property shall be lower than 10·
7
/ hour.
0 No single failure shall cause loss of life or property.
0 No double failure shall cause loss of life.
0 No combination of single failure and human error shall cause loss of life.
0 The time needed to notify the loss of a function shall be sufficient to allow safing

actions. This safing time should be assumed at no less than 5 seconds.

5

Taken from ECSS-P-001 Issue 1
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0 ThirdEye-suggested avoidance routes shall be in all cases at least as safe as the original
route.
0 No FDIR process (identification or recovery) shall create an unsafe condition.
0 ThirdEye shall not degrade other existing systems safety.

7. COST
ThirdEye development cost shall not exceed TBD.
The cost to equip an aircraft shall not exceed TBD.
The utilisation cost incurring to an equipped aircraft owner shall be minimised .
The cost to equip a control center shall not exceed TBD.
The utilisation cost incurring to a control center shall not exceed TBD/ year.

8. POLICY AND LAW
ThirdEye shall be globally overseen.
ThirdEye shall not conflict w ith any participating nation claims to sovereignty.
ThirdEye will have to comply with international laws and the laws of the participating countries as
well as their national security concerns.
ThirdEye participating countries will have to accept that their terrain characteristics be known by
ThirdEye.
The military aircraft are not obliged to transmit their flight parameters (TBC), although they are
advised to d o so. However they can use ThirdEye for safety purposes.
ThirdEye will comply with the common rules and standards established by participating countries.
It shall use existing international stand ards w hen possible.

9. TECHNOLOGY AVAILABILITY
ThirdEye shall maximise use of proven technologies.

MSS97/ 98
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Whenever possible, the elements composing ThirdEye shall be available from at least two
independent providers (dual source policy) to share risks and not to rely on a single country
and/or on a single provider.
ThirdEye shall be designed so its elements can be replaced if necessary during the operational life.
This means that strategic spares will have to be kept and / or that the system design will be open (to
accept new elements) but with a common general standard.

10. INITIAL OPERATIONAL CAPABILITY AND LIFE DURATION
The IOC is 2015 or earlier.
The operational life duration of each ThirdEye element shall exceed 20 years.
During this lifetime, elements of ThirdEye may be changed or upgraded as service requirements
demand.

11. GROWTH POTENTIAL
The system shall be designed :
0 to account for the traffic growth during its operational life, according to the trends and
forecasts available today.
0 to account for new generations of aircraft (for instance larger or faster vehicles).

12. SPECIFICATIONS FOR SYSTEM COMMUNICATIONS
The following information specifies the minimum requirements to be taken into account during the
implementation phase.
The basis block diagram below shows the relationships between the main components of the
communication system. It does not specify where the systems are but rather the type of information
that flows between them. This will provide an initial means of assessing the level and type of
communication means to be used. The Systems & Communication Specification WPs will decide
the best architecture.
NB: At this stage of the functional specification there are no theoretical communication
constraints.
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*These data flows are not part of ThirdEye
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Figure 2 Communication Data Flow for the ThirdEye System

D1

D2

Position, Velocity(?)
•

According to WP 1300, the transmission rate of at least 10 times/ sec.

•

Amount of data is very low. No figures have been specified because the positioning
system has not been determined.

Weather Data
According to WP 1900 the following requirements are:

D3

•

Main parameters: -60 parameters and / or pictures.

•

Weather updated every 2 min (at automatic stations; see document "ModeS Data Link
System") and 30 min on manned stations.

•

Weather data of roughly 2.4 Gbytes to be transmitted over the first instance. Updates
are done every minute for 10% of the original data.

Terrain (GIS) Data
According to WP 1200:
•

A data amount of approximately 4 Mbytes for 10km by 10km area for airport zones

•

For outside the airport zone the data requirement is 1.2 Gbytes.

A ccording to WP 1300

MSS97/98
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•
D4

DS

Aircraft Link
•

WP 1300 requirement (F4) for information pertaining to decision making of collision
avoidance maneuvers. Data rate depends on the WP 1300.

•

Communication between pilots: weather advisory, a/ c status, general talk, etc.

Data Link
•

D6

D7

D9

Route Info

Position, Velocity, Other info (A/C Systems, Type of A/C, etc.)
•

Update rate from WP 1300 is 10 times/sec

•

Amonnt of data is very low.

Warning, Maneuvers (Obstacle Position, A/C ID, GIS, Weather, etc.)
•

D8

Refresh rates for the GIS will be 10 times/sec.

WP 1300 will decide the output data (at most it would be the sum of all the input data
to the ACAS system block[ see diagram]) and the rate of transmission.

Data Link
•

Advisory info, Emergency info, Landing info, etc.

•

The data amount & rate will be similar toD4 and is at least equal to current system
rates

Aircraft Identification Info
•

The refresh time is not frequent and amount of data very low.
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APPENDIXC
EXISTING TECHNOLOGIES
APPENDIX C-1: CONVENTIONAL NAVIGATION MEANS
The most common navigation devices and their limitations are briefly described in the following:

A- ALTITUDE DETERMINATION
A device found on practically every aircraft is a simple barometric altimeter. This can be
electronically enhanced and coupled with the SSR (Secondary Surveillance Radar) transponder as
a primary source of altitude information for SSR operations. Altimeters operate either at the actual
barometric setting of the reference point (typically the airport) or at the standard altimeter setting
of 1013.5 millibars, depending on the phase and rules of the flight. The altitude indication is not
absolute and depends on the conditions of the atmosphere. With specific exceptions, the readings
are above the mean sea level. The accuracy of even the simple altimeters is sufficient (at the level of
one metre). The most common sources of errors in the altimeter operation are operator induced
(typically the wrong setting). The resulting deviation from the prescribed altitude, especially in the
IFR -VFR transition phase and in areas of high traffic density, can result in insufficient separation
between aircraft and possible collision.
The radar altimeter uses radar echo to determine the distance from any object over which the
aircraft is passing. It operates with metre to centimetre accuracy, typically at lower altitudes or as a
ground proximity warning during approach. The indication is the absolute distance between the
aircraft and the object.
Both types of altimeters are self-contained, carried onboard, and do not require any supporting
ground equipment. An alternative altitude determination can be done from the ground by the
primary or secondary radar (refer to radars, Appendix C2.)

B- RADIONAVIGATION:
Radionavigation can be used for en route navigation and non-precision approaches. All systems
listed require ground and onboard equipment.
•

NOB /ADF: (Non Directional Beacon I Automatic Direction Finder.)

The oldest radionavigation aid, NDBI ADF operates in the kHz band. An Ordinary AM
broadcasting station can be used for homing as well. Since only the direction of the x axis of the
aircraft related to the station is shown (heading dependent), additional reference sources (e.g.
ground features or cross-section with a beam from another radionavigation source), must be used
to eliminate the effects of wind drift and obtain a position fix. No direct information about the
distance to or from the station is provided. The use of NDB beacons for en route navigation has
decreased in the past years, but they still remain in use in many remote areas of the world as a
primary approach navigational aid.
•

VOR /DME: (Very High Frequency Omni-directional Radio I Distance-Measuring Equipment)
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VOR /DME is the most frequently used system in the present ATC system (with about 1200
stations world-wide). The operating range is 108-118 MHz . The onboard display of the simple
VOR shows the radial position of the aircraft to and from the station, independent of the heading.
This eliminates the effect of the wind drift, but additional reference - most typically intersection
with another VOR radial - is needed for the positioning. The positioning accuracy of the system is
measured in angular deviation (1 deg at the transmitter, 4 deg total system) and is therefore
directly proportional to the distance from the station.
DME is a feature linked to the VOR station (VORTA C). It measures the propagation time of the
signal from the aircraft (interrogating pulse 960 - 1215 MHz) to the station and back with the
typical accuracy in the order of 100 m. When the aircraft is less than approximately 8 km from the
station, the slant range must be taken into the account. TACAN is the military equivalent, and
works on the same principle.
In the areas of the world where equipm ent is available, VOR/DME navigation together with
barometric altitude has been the most common method of finding the position of the aircraft. The
most severe drawback of NDB and VORTAC is related to the propagation of radio waves. Both
systems are essentially limited by the line of sight and prone to inaccuracies due to terrain features,
night effect, atmospheric static conditions and station and receiver errors.

To solve this problems, two long range navigation systems have been developed; these systems
have, however, been successively decommissioned in the last years as the result of the increased
use of the GPS navigation. Both are hyperbolic systems with two LOP intersections and possible
ambiguous solutions:
•

Loran:

Loran is primarily a marine system, which operates in the 100 kHz frequency. It has a range of
approximately 1800 km, absolute accuracy of approximately 500 m, and repeated accuracy of better
than 100 m. Lines of position are determined by measuring the time difference of the signal arrival
between the master and secondary stations. The major drawbacks are the susceptibility to low
frequency electrical noise (e.g., electrical storms), different wave propagation properties of the
signal over the land and water, the two-dimensional nature of the signal (no altitude information)
and the geographic coverage (the system is limited to the North America and North Atlantic
routes).
Within the coverage area, Loran was frequently used by the airlines and the General Aviation
(GA).
•

Omega:

Decommissioned in 1998, Omega was also a marine system. It was an attempt to provide global
coverage at the frequencies between 10.2 - 13.4 kHz from eight stations located around the globe.
The 20 accuracy of about 6-7 km, without altitude information has limited its aviation use to
transoceanic navigation.

C- AUTONOMOUS NAVIGATION SYSTEMS
The need for complete aircraft navigation autonomy for military and large civilian aircraft has
resulted in the development of the following two systems :
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•

Doppler Navigation: measures the Doppler shift of a radar beam in the direction of flight and
perpendicular to it. The resulting information contains the geographic position, ground-speed,
drift angle, deviation from track and distance travelled. The unit is completely self-contained.

•

Inertial navigation : uses an input from precision gyros and accelerometers to compute the
precise 3D position and the speed, distance, heading and aircraft attitude. The system is very
accurate (in the order of metres) but it needs to be precisely set with a reference to a known
point and reset after a certain elapsed time.

D INTEGRATED NAVIGATION SYSTEMS
Integrated navigation systems process the input of the individual navigation devices and feed it
into the auto-pilot to facilitate the precise en route navigation. VOR/DME input, essentially
creating a "virtual VOR" anywhere in 2D space, has been the most typically used source of RNAV
information. The addition and combination of any other navigation devices is also possible (INS,
Loran, GPS). The display for an integrated navigation system may be either the analogue two
component Flight Director or the multi-functional digital Electronic Flight Instrument System
(EFIS). The position accuracy of the integrated navigation systems depend on the input used. This
equipment is standard on the present airlines and most of the corporate and IFR certified GA
aircraft.

E- TERMINAL AREA NAVIGATION EQUIPMENT
For prec1s10n IFR approaches category l-ID, additional equipment is required. This generally
consists of a ground station and an onboard receiver and processor.
•

ILS : (Instrument Landing System)

The ILS is the most important standard equipment for IFR landings. It provides guidance along the
defined standard straight approach path to the runway. Guidance in the reciprocal heading (Back
Course) is also possible. Operational frequencies are around 110 MHz for the localiser and around
330 MHz for the glide path indicator. The angular precision performance expressed in units of
distance, gives the position accuracy of about 1 metre. ILS information is essentially 3 dimensional.
•

MLS: (Microwave Landing System)

MLS is an alternative to the ILS which is currently being used or installed at some airports. It is
considered to be more reliable and accurate than ILS, and allows curved approaches in difficult
terrain with the possibility to intercept the beam further away from the centreline of the runway.
Missed approach guidance and departure navigation is also provided. A variety of approaches can
be created according to the aircraft performance. The spatial information is 3 dimensional, and the
system transmits data in the C-band frequencies around 5050 MHz. The implementation of the
MLS has been slower than expected, due to the increasing acceptance of the DGPS based final
approaches.
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APPENDIX C-2: SURVEILLANCE AND COLLISION A VOIDANCE

A- SURVEILLANCE AND COLLISION A VOIDANCE
For logistic reasons, surveillance and collision avoidance are closely interrelated. The primary
detection is performed by the ground segment using radar; relevant information is then processed
on the ground and transmitted to the aircraft if necessary. The principal uses are the positioning of
aircraft for ATC purposes; approach, landing and separation guidance; and the detection of severe
meteorological conditions.
•

Primary surveillance radar:

Primary surveillance radar is based on the simple echo principle and does not require any onboard
equipment. Range varies from approximately 350 km for airways and terminal area, to several
kilometre for airport surveillance. The aircraft position in 3D space has to be deduced from screen
information in the ATC.
•

Secondary surveillance radar:

In addition to the ATC ground radar facility, secondary surveillance radar requires a transponder
to be carried onboard the aircraft. Transponder modes A, A / C and Sexist, providing increasingly
sophisticated information about the status of the aircraft. Information provided by the secondary
surveillance radar consists of distance and slant range. Altitude information with a resolution of 30
m is included, the source being an encoding altimeter onboard the aircraft. Transponder mode S
operation is an essential prerequisite for the operation of the present TCAS system in controlled
airspace.

B- THE TCAS SYSTEM
The TCAS is a system which interrogates transponders from aircraft in its vicinity and waits for a
response. It analyses them with respect to the slant range and relative altitude between both
aircraft. It then determines potential collision threats and provides indications to the pilot on how
to increase the separation sufficiently to avoid collision. TCAS is classified as an environmental
alert system, and falls third in the order of priority, after Windshear alert system and GPWS alerts.
It is sold at a price of about US $250 000.
The outputs of TCAS to the pilot are called "advisories". TCAS provides two advisories, the traffic
and the resolution advisory. The traffic advisory (TA) is simply a graphic display which shows the
relative positions of the intruding aircraft inside the TCAS safety bubble. The resolution advisory
(RA) is a command given verbally and is also displayed on a control panel in the cockpit. The
command tells the pilot to execute a manoeuvre, e.g. "CLIMB CLIMB CLIMB 1500 fpm",
"REDUCE DESCENT-REDUCE DESCENT 800 fpm" .
Onboard the aircraft, TCAS contains four main components. They are the Data Sources,
Communication, the CPU and the HMI.
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Data Sources: These include data coming from the radio altimeter, aircraft configuration sensors
(flaps, slats, landing gear, etc.), the air data computer and the pressure altimeter.
Communications: The TCAS system needs three antennas in order to function properly.
The Mode S transponder, when properly interrogated, returns encoded information about the
aircraft, including identification and altitude. The L -Band antenna on the aircraft is a directional
antenna, sending interrogations "(ping)" at every 90 degrees azimuth segment around the aircraft.
The intruding aircraft's ModeS transponders receives this "ping" and sends out an echo. This data
is then received by the aircraft's L-Band antennas and processed by the TCAS CPU.
TCAS CPU: This is where the conflict avoidance algorithm is encoded. The bubble sizes vary
depending on the altitude of the aircraft between 20 - 48 seconds for a traffic advisory and 20- 35
seconds for a resolution advisory.
HMI: The T As are shown on a dedicated screen. The RAs are shown on either IVSI
(Instantaneous Vertical Speed Indicators) or on CRT flight instruments. The aural alerts are
recorded voice announcements delivered via speaker.
For example, the TCAS is able to handle 2 aircraft with a horizontal closing velocity of up to 1200
knots, at altitudes of up to 10,000 feet. The nominal advisory time before closest approach varies
from 20 to 30 seconds. The display of theTA can show the intruding aircraft up to 15 seconds later.
It is designed to handled a maximum en route/terminal area traffic density of 0.3 aircraft/nmi.
This number is expected to be constant up to 2010 [Leveson, Reese, TCAS Sample Intent Specification,
1.19.1, p.21]. The interrogation signals from the transponders should be receivable in a range of up
to 14 nmi.
Two versions of the TCAS Systems, TCAS I and TCAS ll are available. TCAS I System provides
only Vertical Resolution Advisories (VRAs) whereas TCAS ll System provides also horizontal ones
(HRAs).

c- GPWS

AND

EGPWS

Currently, there are two primary systems that are used to prevent Controlled Flights Into Terrain
(CFIT):
GPWS system uses radar altimetry to identify situations in which aircraft are flying too low. This
system provides pilots with 10-15 seconds of warning time on average. Traditional GPWS is only
able to look directly below the aircraft and predict trends in relative aircraft to ground position to
avoid collisions with the terrain. The system can be programmed to indicate the flight below the
specific descent angle, excessive bank angle, inadvertent descent after take-off etc.
EGPWS system uses navigation equipment onboard the aircraft to obtain aircraft positioning
information (location, altitude, and course) and additionally provides approximately one minute of
warning time to pilots in the case of a potential collision. It uses a colour, map-like 2D terrain
display, based on the digital elevation database. Warnings are given 10, 4, and 2 miles from a
potential collision site. Approach trajectory and flight path can be entered and " impossible
trajectory " identified and avoided. EGPWS further uses a "Terrain Clearance Floor" and a
"Terrain Display System" to provide more information to the pilots than is available using GPWS.
The predictive component of the information is the most important improvement compared to
normal GPWS.
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APPENDIX C3: PERFORMANCE OF SATELLITE-BASED NAVIGATION SYSTEM

In this section we will describe in detail the error budget of CPS.

•

GPS typical error budget

The error budget shows the User Equivalent Range Error (UERE) which is the error along the line
of sight direction between one CPS satellite and the user. The following table summarises the error
budget for the PPS mode:
Ta ble C -1 CPSError Bu d1get.m Prec1se Pos1·r1orung Md
o e
Error sources
P b code, PPS, bifrequency lcr (m)
Space Segment
3.0
Clock errors
Acceleration errors
1.0
Other
0.5
Ground Segment
4.2
Ephemeris errors
Other
0.9
Users Segment
2.3
Ionosphere errors
2.0
Troposphere errors
Receiver errors
1.5
1.2
Multi-path
0.5
Other
UERE
6.6

C/ A code, PPS, single frequency, lcr (m)

3.0
1.0
0.5
4.2
0.9
to 9.8

2.0
1.5
1.2
0.5
8.0 to 11.8

In SPS (with SA), the UERE is on the order of magnitude of 37 m, making SA is the largest source of
error.

The growth of civilian applications of CPS has raised the issu e of giving up the selective availability
which degrades PPS to SPS or giving the civ ilian community access to the L2 frequency, a
frequency which can mitigate ionospheric errors.
•

Positioning and Timing Accuracy of GPS

The design objectives of CPS concerning the accuracy of positioning has been to offer:
Precise positioning at 16 m SEP (Spherical Error Probability, which represents the probability of
being at 50% inside a sphere of a given radius ) for the military users and a 100 m precision (2 d""' ,
which corresponds to 95% of the v alues) in the horizontal plane for the civilian community.
The CEP (Circular Error Probability) corresponds to the SEP within a plane. Therefore, it is also
calculated for 50 % probability of the values. The following table shows the typical CPS precision
for SPS and PPS single/hi-frequen cy.
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. l P reoswn f or GPS
T able C-2 : T.yp1ca
C/ A code (SPS)

3D Position
Horizontal Position
Vertical Position
Timing

•

P code (PPS), hi-frequency
50%
2d

50%
2d=
77 m (SEP) 174m
43 m(CEP) lOOm
51 m
159m
363ns

PPS single-frequency

~·

16m (SEP)
9m (CEP)
lOrn

50%
22m (SEP)
13m (CEP)
15 m

37 m
21m
34 m
198 ns

2d
51 m
29m
46m
208 ns

Differential GPS

The principle of DGPS is based on the fact that two receivers located in proximity track a signal
corrupted with almost the same errors. Actually every error source cancels out except multi-path
errors and some errors connected to the receiver characteristic. A fixed and perfectly located
receiver transmits correction information to the receivers in use in its area. Table 4 shows the error
budget for different distances between receiv ers.
T able C-3 T.yp1ca
. l Error Bu dtge t f or DGPS
Error Sources
CPS
l cr (m)
Clock
3.6
36.0
Ephemeris and SA
Ionosphere
to 9.8
2.0
Troposphere
Receiver Errors
1.5
Multi-path
1.2
Other
0.5
UERE
37.0
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l cr (m)
0.0
0.01
0.0
0.0
2.1
1.2
0.7

DGPS Li=50 km
lcr (m)
0.0
0.5
0.61
2.8
2.1
1.2
0.7

2.5

3.8
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APPENDIX D -- COMMUNICATIONS
Dl BIT CALCULATIONS
•

The bits needed for aircraft position and collision position, nx, n y, nz (X,Y,Z co-ordination ) are
based on the following calculation:

Equatorial Radius of Earth: RE= 6378km
Resolution requirement: r=6m
Maximum Flight Altitude: H.=20km

nx .r

2nR
= log 2 _
_
E == 23 bits
r

•

The bits needed for aircraft ID, nA, are based on the following calculation:

Number of aircraft: N A

•

Number needed for time:

Number for collision alarm time nrc:
Collision time Tc=10m=600s
Interval time resolution: Rc=ls

Number for absolute aircraft time n,.T:

•

Numbers for the collision probability n p:

D-1
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Probability accuracy: 0.5%

np

•

1

= log 2 --:::::: 8 bits
05%

Number for the velocity, n vx, n vv, n vz:

Resolution of velocity at each axis Rv=3m/s
Maximum speed; Vmax =Mach 2

•

Number for the size of weather cell n wx' nwv, nwz:

Weather cell resolution: Rw=lkm
Maximum weather cell: Sw=250km

nwx,wr.wz = log 2

Sw
.
R::::::
8b1ts
w

•

Number for the severity and type of weather f1s, r1.r:

Level of severity: N 5
Type of weather: NT

ns = log 2 Ns

$;

8 bits

nr = log 2 Nr

$;

8bits

D2: CASE STUDY FOR ANTENNAE AND POWER REQUIREMENTS ON THE
AIRCRAFT
Here, the case being considered is a typical CAS communication link between an aircraft and a
satellite ( i.e. uplink communication from an aircraft to a MEO satellite). This is done in a
qualitative rather a quantitative way, as all the involved parameters are not known. The
calculations are m ade considering an omni-directional antenna w ith 1W of transmission power onboard the aircraft, as is usual with antennae for mobile communications.
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Appendix D. Communications

A typical MEO constellation (for example ICO) uses 2 GHz communication links from an altitude,
h, of about 10,000 km. The wavelength corresponding to a frequency is given by the following

relationship:

c

A =-

f

In this case, the wavelength, ..t, is 15 em. Throughout the following considerations, it is assumed an
antenna efficiency, 7J, is 70%. These requirements are not overloading the actual design, since they
are achievable using a current cross-dipole antenna. The next step is the evaluation of the signal
attenuation due to the distance, R, between a satellite and an aircraft.

L = (4nAR)

2

fs

Substituting actual figures, it is readily seen that Lts
compared to R.

= 178.5

dB, assuming that h is negligible

To evaluate satellite's gain, the formula is:

in which Dis the satellite's antenna diameter, e3dD is the beamwidth at 3 dB. Typical beamwidths for
multi-beam antennae range from 0.1° to 2°, spanning an area 350 km in diameter. In this case, a
value of G..,, = 39.3 dB is found using a beamwidth of 2°. Highly directional antennae may increase
their gain by 10 dB using beamwidths as small as O.SO.
Total power is readily obtained taking into account the contributions from free space losses and
from the receiving antenna (transmitting antenna and transmitted power account for 0 dB). Under
these assumptions, the required satellite power totals -139dB, which is a reasonable value for
mobile satellite communication links. Notice that this design has not taken into account any margin
nor other sources of signal degradation, such as rainfall attenuation, polarisation mismatch,
component non-linearity, cross-talking and mutual interference
With the Doppler effect, frequency shift may affect the synchronisation between signals arriving
from different directions, and therefore is important to take this into account in the design of a
satellite link. The formula for the Doppler shift is:

in which No is the Doppler shift, V is the velocity, f is the carrier frequency and c is the speed of
light in a vacuum. Assuming a satellite velocity of 10km/s, the rate of the position displacement of
a burst is about 20ms/ s. If the guard time between two consecutive bursts is 1 ms, in the worst case
(opposite displacement of two consecutive bursts), the time for the system to recover from this
error is:

10 -{)
2 2 x l0- 9

..!._
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Since this time is much greater than the round-trip propagation time of the bursts, corrective action
may be based on the observation of the position errors of the bursts.

MSS97/98

D-4

APPENDIX E SAMPLE RESULTS FROM
SIMULATIONS
To ease the formulation of the algorithm, some elementary simulations (SO cases only) have been
done to analyse the problem of collision avoidance. A simple situation was considered: two aircraft
flying in the same horizontal plane near 10 000 m altitude with crossing flight paths. It can lead to
collision if their velocity vectors are poorly configured. This is the situation represented in the
following figure.

V2- 256 m / s

V1- 210m/ s

Figure E-1. Situation Analysed

Some dispersion or uncertainty is assumed on the velocity vectors, characterised by a
(assumed gaussian) sigma: 1° on the orientation and 2m/ son the modulus.
Variations were done on the V1 modulus to create more or less collision risk at the
geometrical crossing point A
A collision is said to occur when the time at which the airplanes arrive at A are separated
by less than say 4 s, which is about 1 km distance at such velocities.
The study shows that the effect of the dispersions is not negligible:
a) When V1 is such that a collision nominally occurs in A, the statistic is that 40% of the geometrical
crossings are without collision. But the high probability of collision prevents us to accept the
situation from the system point of view.
b) When V1 is, for example, reduced to increase the nominal delta t between the passage of the
airplanes at A, we can see that the situation resulting from the simulations is not intuitive:
Delta t (s)

Distance (km)

E-1

Number of collisions
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(nominal)

(nominal)

7.8

16.5

(non nominal)

1.8

10%

3.8

2%

The explanation is that the sigma of the delta tis of about 5.6 sec in this particular case d efined by
velocities order of magnitude, angle order of magnitude, plane situation, dispersions (or
uncertainties) on the velocity vector (and initial position) parameters etc ....
The conclusion is that the algorithm should be
•

either of statistic nature calculating the future trajectories with some dispersions (resulting from
the in flight experience) and resulting in messages to the pilots when a specific risk is reached in
percentage (to be defined).

•

or of very simple nature based on a pre calculated data base, resulting from very numerous
analysis in the spirit of what has been shown here and synthesised in typical conclusions or
rules. For instance in the shown case the rule would be like: « If two planes are flying at about M
0.7 and M 0.85 and have crossing trajectories with about 35° angle an avoidance m essage must
be sent if the nominal delta t at geometrical crossing of the extrapolated trajectories is less than
28 sec ». The value of 28 sec corresponds to 5 sigma, but it is only for example.

•

Deeper analysis of the situation will be mandatory in further loops to well master the
phenomenon, adapt the algorithm structure and size the computer capacity.
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APPENDIXF
SWOT & PEST ANALYSIS
In order to determine the capabilities and weaknesses of the proposed system, a SWOT

(Strengths, Weaknesses, Opportunities and Threats) and PEST (Political, Economical, Social and
Technological) analysis of our Conflict Avoidance System has been performed. It is hoped that
this analysis will help to enhance the system design in order to maximise possible strengths and
opportunities derived from it. The analysis has been carried out in accordance with the
assumptions that have been formulated for the year 2015 (refer to Appendix A). The following is
a brief outline of the findings from this analysis.

ST-ii)lGTJJ
POLITICAL

w~~us

-Strong political will

- Global nature

- International cooperation
-Global coverage

Q;p¥OltTU~f.f'Y

~!t'~T$.

- International Cooperation

-Monopoly
structure

-possible certification
problems

-Interest

-Budget
cancellation and
availability

- IFR procedure
changes

-Technology transfer for
developing states
-Transponder
leasing issues

-Standardisation of
- Technology transfer
for developed states
safety regulations
- Difficult to
encourage countries to
co-operate

I
EQDNGMIC

- Conflicts of
interest

- Large market for
such a system

- Distribution of costs

- Increased Networking

-Competing
systems

- Possible "Spin-offs"
-Budget
cancellation

- Increase in flight
efficiency

-Synergies

- Reduction in
accident related
costs

- Use for ocean-going
vessels and trains

- Decrease in
insurance costs

- Monitoring logistics of
airlines, real-time
- Management of other
transport fleets
- Telecommunications
lease partial network
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- "Free flight"
possibilities
- Possible commercial
sales of the global DEM

SOCIAL

-Increased
passenger
confidence in safety

- Change of CRM
philosophy

- Search and Rescue aid
- helicopter rescue at
night

- Increased number
of passengers
-ThirdEye handset for
rescue purposes
-Value-added ADS
- Air conflict
investigation modelling
& replay
- Increases/facilitates
mobility

- Loss of human
know-how
- Acceptance by
users
-Airport
neighbourhood
acceptance
- Why should
others care
- Airlines doing
own ADS and do
not want regulation

- Reduces human error
and pilot overload
- Strong need for service
-Display of flight path
for aircraft passe~ers

TECHNICAL

- Use of state of the
art technology

- Jamming I
interference

-Reduction of
human error and
pilot overload

-Noise/false alarms

II
I•

- Reliance on GPStype system
- Real-time data
transfer

-System integration

- Security issues

- Increasing high
technology

- System failures

- Improved logistics
- Freedom of flight routes

- Possible design
errors

l•

- More relevant
information
transferred to pilots
-More efficient use
of airspace

- Reliability I
availability

- RdV I docking in space
- Many assumptions

-Global coverage
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- Increased cap abilities
for passenger
communications
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- Insufficient
redundancy

Appendix F. SWOT & PEST Analyses

Conclusions:
From this analysis, it can be foreseen that an advanced collision avoidance system such as ThirdEye
will be inevitable in the future. However, with any such system that will be implemented on a
global scale, relying on governmental support and funding, political involvement and acceptance is
paramount. With increasing air traffic, safety standards in air transport are becoming a prime
importance for aviation policies of States.
One of the most important factors resulting from this analysis has been the opportunities for spinoffs. Realising these spin-offs systems, could create more revenue and alter the investment
structure in order to lessen the burden governments will bear from the high cost involved w ith
setting up such a system. Of major interest might be the potential spin-offs to other fleet transport
system~ both private and governmental. This includes ocean-fairing vessels and railways systems.
In the near future, this could also apply to commercial space transport, facilitating efficient, safe
and cheaper services .
Such a system as ThirdEye will face numerous threats, especially in the development and
implementation phases. There will be many political issues to be faced before implementation of
the system occurs. It is believed that having a body such as ICAO involved will help to smooth the
acceptance process. There are also a number of technical issues that will need to be seriously
addressed. The main technical threat to such a system is jamming. How this problem will be
addresses will not be covered in this report, but has been highlighted as a concern.
To conclude, it is not possible to mitigate all threats and weaknesses of any project but by critically
evaluating the system through all of the planning stages, those flows have been taken into
consideration in order to either minimise them or use them to an advantage. In general, the
opportunities for success with further planning are high, and there are myriad opportunities for
spin-offs.
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APPENDIX G ICAO REGIONS' FACTS & FIGURES
To clarify further, the parameters to be taken into account for financing ThirdEye, some common
criteria for each ICAO Region were specified. These were then be characterised for each region. The
criteria are :
•

Urgency of implementation of the ThirdEye system

•

Size of the OEM

•

Type and volume of Air Traffic

•

Availability of funds

•

Time to market

•

Possible ICAO contribution

These criteria will be justified with ICAO traffic forecasting and general policy considerations.

Region 1 characterisation (Africa and part of Antarctica):
•

Implementation is considered urgent due to current poor safety standards and lack of
equipment. The number of fatal accidents per million flights between 1987 and 1996 in
Africa is 13, the highest rate in the world56•

•

The size of the OEM cost is classified as medium per country, as there are many
'smaller' countries in this region and it is not reasonable to charge these countries high
prices for the models.

•

Air traffic in Africa is low. Aircraft movements are expected to grow at an annual rate
of 3.0% until 2010 and passenger traffic at 5.5%. ICAO believes that aerial tourism and
freight are essential to the economic and social development of Africa.

•

Availability of funds in that region is very low and is not expected to grow
dramatically until2015.

•

The time to market parameter is very low, only South Africa may be interested in being
one of the first countries on the market.

•

ICAO should assist with co-ordinating arrangements for funding purposes and will be
involved in the international political aspects.
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Region 2 characterisation (Australasia):
•

Also considered urgent because of safety concerns, especially in densely populated
areas (e.g. India, China). The advantages of free flight in this region are high because of
oceanic region and large land masses with minimal traffic, such as Australia. The
number of fatal accidents per million flights between 1987 and 1996 in Asia/Pacific is
7.257.

•

The size of the DEM cost is large per country.

•

Air traffic in Asia/ Pacific is medium. Aircraft movements are expected to grow at an
annual rate of 7.0 % until 2010 and passenger traffic 8 %58 • By 2010, the Asia/ Pacific
region is expected to outpace the rest of the world in terms of traffic volume.

•

Availability of funds in that region is high. Even with the current economic crisis in
Asia, several developing countries in this area are expected to have improved
economic growth.

•

The time to market parameter is very high. Most of the Asian countries and Australia
may want to implement the system as soon as possible, for tourism / business and
freight purposes. Asia/Pacific represents half of the total freight tonne-kilometres (66
59
900 millions) in the world and has the highest growth rate (10 % until2005) •

•

ICAO may be involved for political co-ordination between the different countries
concerned.

Region 3 characterisation (Central America and Caribbean) :

MSS 97/ 98

•

Low-to-medium urgency for implementation. In the absence of exact figures for
Central America and the Caribbean region, overall statistics that include central
60
America and North America show a low figure of 0.5 fatal accident per million flights •

•

The size of the DEM costs is low to medium per country.

•

Air traffic in Central America and Caribbean is low. Aircraft traffic is expected to grow
at an annual rate of 4% until 2010 and passenger traffic 6% 61 • This traffic is mainly
tourism plus some freight.

•

Availability of funds in this region is low. A push may come from Mexico, if any.

•

The time-to-market parameter is high, as the North American region may try to
influence a quick time-to-market in order for their companies to enter that market.
Furthermore, the fact that Mexico is part of the North American Free Trade Agreement
is another pushing factor.

•

ICAO should assist with co-ordinating arrangements for funding purposes, and will be
involved in the international political aspects.
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Region 4 characterisation (Europe):
•

Considered of very high urgency due to extremely congested traffic in Western
Europe. The number of fatal accidents per million flights between 1987 and 1996 in
Europe is 0.9. The Commonwealth of Independent States (CIS) is not included in the
62
statistics •

•

The size of the DEM costs varies dramatically per country (Liechtenstein & Russia).

•

Air traffic in Europe is high, especially in the Western part of the region. Aircraft
movements are expected to grow at an annual rate of 4 % until 2010 and passenger
traffic 5.5%63 • It is mainly business/tourism and freight.

•

Availability of funds in this region is high, and commitment to GNSS and CNS/ ATM
has already been achieved for the Western part of Europe.

•

The time to market parameter is high. The European Union and European Bank for
Reconstruction and Development (EBRD) for Eastern Europe and the former Soviet
Union shall finance as soon as possible such a project to enable their industry to
compete with the Northern American companies.

•

ICAO involvement may be limited to inter-region co-ordination.

Region 5 characterisation (Middle East):
•

Considered of low urgency. The number of fatal accidents per million flights between
1987 and 1996 in Middle East is 2.3.64

•

The size of the DEM cost is low to medium per country.

•

Air traffic in the Middle East is low, just above Africa in term of passengers and
freight. Aircraft movements are expected to grow at an annual rate of 5% until 2010
65
and passenger traffic 5.5% • It is mainly business and freight.

•

Availability of funds in this region is high. Several development funds already exist.

•

The time to market parameter is low. The region does not have a high traffic volume,
does not really lack equipment and does not have local industry.

•

ICAO shall be involved in the international political and safety aspects which are of
crucial interest in that region.
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Region 6 characterisation (North America):
•

Considered very urgent for this region. All studies conducted show that congestion,
efficiency, and safety are major issues to be dealt with as soon as possible. The number
66
of fatal accidents per million flights between 1987 and 1996 in North America is 0.5 •

•

The size of the DEM cost is large per country.

•

Air traffic in North America is very high. Aircraft movements are expected to grow at
an annual rate of 2.5% until2010 and passenger traffic 4.5%67• It is mainly business and
freight.

•

Availability of funds in that region is high.

•

The time to market parameter is very high. Several p rivate companies are already
working on CNS/ ATM and anti-collision systems. The North American region w ill
certainly push strongly to allow its companies to bid in the other regions.

•

ICAO involvement shall only be limited to inter-region co-ordination.

Region 7 characterisation (North Atlantic, Greenland):
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•

Considered of med ium urgency for transatlantic flight, low for Iceland and Greenland.
Accurate statistics were not found for this region.

•

The size of the DEM cost is large per country.

•

Air traffic in the North Atlantic is very high. Aircraft traffic is expected to grow at an
annual rate of 5% until 2010 and passenger traffic 4.5%68• It is mainly business and
freight.

•

Availability of funds in this region is low. The North American and European regions
may have the main interest for financing these two regions.

•

The time to market parameter is very high because of the two North American and
European regions wanting the system operational as soon as possible.

•

ICAO involvem ent shall deal w ith inter-region through co-ordination and joint
financing agreem ents.
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Region 8 characterisation (Oceanic/Pacific):
•

Considered of medium urgency for Trans-Pacific flights, low for island countries.
Statistics are not available for this region.

•

The size of the DEM cost is very low per country.

•

Air traffic in the Pacific is very high, making it the third region for international traffic.
Aircraft movements are expected to grow at an annual rate of 7% until 2010 and
69
passenger traffic 7% • It is mainly business and freight.

•

Availability of funds in this region is low, with outside interest from N orth America,
Asia/Pacific.

•

The time to market parameter is high because of the two North American and
Asia/Pacific regions wanting the system operational as soon as possible.

•

ICAO involvement shall be limited to inter-regional co-ordination between
Asia/Pacific and North America regions to jointly finance such a system, again due to
high traffic over the ocean between these two regions.

Region 9 characterisation (Latin America):

56

•

Considered of low to medium urgency. The number of fatal accidents per million
flights between 1987 and 1996 in Latin America is 5 f0 •

•

The size of the DEM is high per country (especially for Brazil and Argentina).

•

Air traffic in Latin America is low, as it is the fourth region for international traffic.
Aircraft traffic is expected to grow at an annual rate of 4% until 2010 and passenger
traffic 6%71, the freight tonne-kilometres growth rate is the second after Asia / Pacific. It
is mainly business and freight.

•

Availability of funds in that region is low, Brazil and Argentina may want
implem entation to occur early in order to boost their international activities in this
region.

•

The time to market parameter is low because of the poor development perspectives in
parts of that region.

•

ICAO should assist with co-ordinating arrangements for funding purposes and w ill be
involved in the international political aspects.

Air & Cosmos I Aviation International n.1647, 27/02/ 98.
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57

Air & Cosmos/ Aviation International n. 1647, 27/ 02/ 98.

58

ICAO Doc. 9623, FANS(II) / 4

59

ICAO Air Traffic Forecast for 2005

60

Air & Cosmos/ Aviation International n. 1647, 27/02/98

61

ICAO Doc. 9623, FANS(II)/ 4

62

Air & Cosmos/ Aviation International n. 1647, 27/ 02/98

63

ICAO Doc. 9623, FANS(II)/4

"" [Air & Cosmos/ Aviation International n. 1647, 27/02/98
65

ICAO Doc. 9623, FANS(II)/4

66

Air & Cosmos/ Aviation International n. 1647, 27/ 02/ 98

67

ICAO Doc. 9623, FANS(II)/4

68

ICAO Doc. 9623, FANS(II)/4

69

ICAO Doc. 9623, FANS(II)/ 4

70

Air & Cosmos/ Aviation International n. 1647, 27/02/98

71

ICAO Doc. 9623, FANS(II)/4
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APPENDIX H METHODOLOGY
In order to manage any project, it is desirable to create a suitable methodology. The following is a

short description of the methodology used during this project that allowed a clear understanding of
all factors involved.

FUNCTIONAL SPECIFICATION
Firstly a functional specification was written. The goal of the functional specification is to describe
the need for the ThirdEye system, the functions ThirdEye will have to perform and the constraints
to which ThirdEye will be subjected. A focusing approach is used : from very general
functions/ constraints to low level functions/ constraints.
The function analysis studied the functional, rather than the physical, characteristics of the system.
Therefore, the requirements are not biased by a priori solutions and are open to original and
innovative solutions.

CREATIVE PHASE
Knowing the functional requirements, the team developed a wide range of ideas which were
narrowed down to three system architecture options, compliant with the functional specification.

EVALUATION PHASE
Due to the limited amount of time to perform this study, only one system architecture was selected
for further analysis. This selection process involved a advantages / disadvantages analysis and
multi-criteria grid analysis (refer to Section 1.3).

STUDY PHASE
Once the system architecture was selected, the team followed a top down study procedure. The
external system interfaces were identified and analysed using the same methodology as for the
functional analysis. The system was also broken down into subsystems and the internal system
interfaces were identified. Subsystem specification were written and each subsystem was designed.
A bottom-up procedure was then undertaken and the subsystems were assembled forming a
consistent system, verifying that the specifications were fulfilled.
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