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It is now possible to design and implement new broadband satellite telecommunications and space navigation systems
that could greatly enhance air safety, airline security and air traffic management and control. Such a new system would
be very challenging in that it implies significant new broadband mobile satellite communications capabilities in terms of
throughput, reliability, beam interconnection, processing and switching and two-way and multi-point interconnection
with an ever increasing fleet of aircraft. Such a system might indeed require new frequency allocations for this purpose.
The first critical step that is needed is to conduct an in-depth feasibility study that would scope out the expanded range
of information needed to implement such an expanded and modernized system.

Key elements of this process would be to:

a.

Identify and prioritize the aviation subsystems and components that could be monitored for wear-
out, stress failure, or potential sabotage that should be included in a next generation of aircraft
safety and fault detection system and to specify in detail the performance and reliability of the
associated detection devices and sensors, aircraft monitoring systems, and aircraft.

Identify and prioritize the characteristics the elements in a new aircraft traffic monitoring system
and the associated video and data recording equipment and associated volume of IT information,
beyond the 66 data elements now recorded in the cockpit data recorder or the flight data recorders,
that would be associated with a next generation aircraft traffic monitoring system.

Identifying and prioritizing proposed enhancements to the aircraft traffic control system that
would be associated with a new space based system that would allow closer and denser aircraft
spacing (from 10 to 50 times closer spacing) more fuel and operations efficient aircraft routing,
while ensuring that international standards for airline safety (namely 1 accident per 3 billion
passenger miles flown) would be met or perhaps exceeded.

Identifying and prioritizing the most promising new satellite technology and systems, design the
most cost efficient and aerodynamically smooth aircraft mounted antenna systems, identify any
needed GPS equipment augmentations and identify the associated air and terrestrially based
computer systems that need to be installed and then integrated to create a seamless advanced
space-based aircraft monitoring and traffic control system.

This effort would then need to be subject to detailed systems engineering and optimization in
order to develop a system that would be cost effective, improve safety monitoring, improve real-
time traffic monitoring, reduce fuel costs and consumption, allow for real-time capture of aircraft
traffic monitoring information and enhance aircraft traffic control in terms of safety, automation,
and efficiency of international operations.
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Such a system, once designed and implemented should indeed be able to greatly enhance longer-term airline safety,
improve air traffic control, upgrade the effectiveness and comprehensiveness of aircraft monitoring systems, reduce risks
due to both terrorism and aircraft wear-out or malfunction and help to define these new space based systems for global
implementation. These systems would possibly supplement or substitute for existing on-board systems but they would,
at minimum allow for more real time understanding of problems or hazards associated with aircraft operations, routing,
equipment monitoring, and flight control.

It is proposed that an international effort, that would involve Japan, Canada, Australia, the U.S. and Europe, should be
undertaken as soon as possible to review and assess the critical technologies needed to support future aircraft safety,
upgrade the efficient of airline operations, support increased volumes of aircraft traffic, augment and upgrade airline
monitoring systems and also to provide enhanced anti-terrorist protection.

Such an effort would involve many design and system engineering issues with regard to aviation traffic monitoring and
control safety standards, sensor definition, information storage and processing requirements, system specifications with
regard to security, reliability, and international standardization. The purpose of this paper, however is to highlight
particular issues and questions that pertain to finding ways to obtain sufficient bandwidth and usable spectrum to meet
the high data rate requirements associated with such a space based aviation traffic control and monitoring system and the
antenna design issues associated with the broadband throughput requirements associated with both the satellite and the
aircraft terminals. These spectrum and satellite and terminal antenna design issues will be driven by several key systems
constraints. These include:

a. Determining a way to greatly increase the amount of information that is available to the aircraft crew on a real-
time basis with respect to aircraft monitoring, traffic control, and overall safety while also allowing a much
broader band flow of aviation monitoring and safety and security information to flow from aircraft to ground
systems. This increase in information flows to and from the aircraft must be accomplished while also either
reducing overall operating costs or holding cost increases to a reasonable standards such as no net cost increase
of more than $5 to $25 per thousand passenger mile flown.

b. Finding an effective way to communicate and process the substantially greater amount of information generated
by this new system so that reliability is not compromised and excessive transmission and/or processing costs
are not generated. Further this must be accomplished without increasing the risk of security breaches to the
system. (These constraints raise the serious possibility of using pre-processing and artificial intelligence or
expert systems so that the amount of information generated, communicated and processed is reduced by a
substantial amount).

c. Finding creative and cost effective ways to accommodate the substantially greater amount of information that is
sent to and received by the aircraft (including real-time weather information) that must be transmitted within
the available mobile aeronautical frequency bands taking into account the increasing number of aircraft flights
(and overall passenger miles flown) and the need for great reliability of these systems to meet stringent aircraft
safety standards. (Advances in information processing, pre-processing algorithms, satellite communications
performance, aircraft antenna systems, spectrum efficiency and security systems are thus all implicit in these
considerations.

d. Finally the systems engineering process must address the questions of whether all of these aircraft traffic
control, aircraft traffic monitoring and aircraft safety systems will be kept separate from and segregated from
passenger entertainment and communications services and to what extent are these services provided via
common or separate spectrum bands.

Further Steps

In light of the international nature of aviation and the interest in airline safety and efficient operations around the globe it
makes a great deal of sense for the study of such a satellite based air traffic control and airline monitoring system to be
coordinated on a global basis. The engineering of these systems could benefit from economies of scale and from
common design features if the design and engineering of these systems were carried out on a global basis or even if
carried out on a regional basis by airlines that fly in the highest aviation traffic density areas.

Beyond this research, efforts to identify the appropriate spectrum for these applications need immediate attention from a

policy perspective. Frequencies in the Ku-band might well hold advantage over millimeter wave because of rain
attenuation problems and the need for extremely high reliability. This issue clearly needs prime attention as well.
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The design and implementation of new broadband satellite systems for the most part start as satellite manufacturing
operations that respond to operators of satellite systems. In this case a major new system that generates a significant new
volume of satellite-based traffic could be designed from the perspective of the user needs. It is thus recommended that
the satellite community work with the aircraft manufacturing and the aviation industries to see if a highly responsive the
space based systems that would with terrestrial computer based systems to create a 21 century network that could save
lives, combat terrorism and make aviation systems more cost and fuel efficient.

The next meeting of the Japan-US Science Technology and Space Applications Program (JUSTSAP) that meets in
Hawaii in November 2004 might be an excellent forum where this important new space applications program might be
discussed and feasibility studies launched to explore these possibilities.

Major Research Agenda for New GeoPlatform Systems to Support
Aviation Based Broadband Satellite Services

No. | Description of Critical Subsystem For Advanced GeoPlatform Design Evaluation and | Criticality (2-5)
Selection Status of Design
Readiness
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