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SUMMARY 

The AMCP WG-C has asked for a liaison with AMCP WG-M regarding the TLAT (Technical Link Assessment Team), in which systems supporting ADS-B are assessed. This paper highlights a number of issues that are important when considering the TLAT activity and the TLAT report. It is concluded that the approach already taken by ICAO in its development of global aviation standards is covering all the requirements identified by the TLAT initiative and has the potential to support emerging CNS/ATM requirements, thus eliminating the need for standardising systems that only will have a limited role in the CNS ATM concept and cause proliferation of systems.

1.
Introduction

The CNS/ATM concept was developed by ICAO as the framework for modernising the air navigation system and to create possibilities to meet emerging requirements. The ICAO standardisation mechanism evolved in order to overcome the traditional difficulties to deliver global standards in a timely manner. Based on a general understanding of future operational needs, detailed operational requirement specifications and technical system specifications are being developed in parallel, with the understanding that adjustments of the specifications may have to be made during the process. This iteration supports a development process with strong involvement from industry and an early introduction of system elements that can give immediate benefits to aviation. This “think big, start small” approach combines the traditional top-down philosophy with a pragmatic view, making it possible to adjust the specifications during a lengthy standardisation process according to both technical and operational developments.

Automatic Dependent Surveillance (ADS) is an important element of the ICAO CNS/ATM concept. The idea of ADS-B, a version of ADS based on broadcast communications, emerged during the realisation of the CNS/ATM concept with the vision of supporting air-to-air surveillance functions and complementing the traditional ground-based surveillance systems. ADS-B is now widely considered to be the single most important enabler for new applications.

2.
ADS-B Technologies Standardised by ICAO

ICAO developed two ADS-B technologies in parallel. The SICAS Panel developed Mode S Extended Squitter as an enhancement of ACAS as proposed by the US, and is characterised by its good performance in short ranges. The data link is accessed via a very simple access technology, thus requiring a high report rate and a wide spectrum band, which is shared with today’s radar systems (1090 MHz). 

VDL Mode 4 was developed by the AMC Panel as proposed by Europe, and is characterised by its good long and medium range performance enabled by operation in the VHF spectrum. Because this spectrum is heavily utilised, the data link access technology is advanced and very efficient. VDL Mode 4 is also ATN compliant (validated by ICAO for ADS-C as well) and has the potential to support any data link service requiring point-to-point communications. The system was originally designed to support real time communications in all CNS domains, and all protocol elements were maintained in the VDL Mode 4 specification. AMCP is for the moment validating VDL Mode 4 as a generic ATN sub network.

After a thorough analysis, SICASP and AMCP concluded that Mode S Extended Squitter and VDL Mode 4 are complementary systems, supporting all ADS-B requirements known at the end of 1999 and having the potential to support the emerging and more demanding Airborne Separation Assurance System (ASAS) requirements. The two-systems approach provides a high level of safety and redundancy for ADS-B applications such as conflict detection and resolution for long and medium ranges when supported by VDL Mode 4, and for short range functions like collision avoidance when supported by Mode S Extended Squitter, which also could enhance ACAS. Furthermore, VDL Mode 4 is a suitable solution to support applications in the airport environment.

3.
Implementation of Services Based on ADS-B

In Europe and in US, extensive processes have been set up in order to explore the expected benefits of ADS-B. It has become apparent that the American and the European views on ADS-B differ. The European ATM strategy is focusing on 4-D trajectory interaction and intent in support of Airborne Separation Assurance Systems (ASAS) and cooperative ATS where some of the traditional ATC responsibility is delegated to the cockpit in a “gate-to-gate” environment, taking into account operations on the airport surface as well as all other phases of flight. In US the focus is more on general aviation and operations in uncontrolled airspace. This is also reflected in the distribution of air traffic over the two continents. The US scenario includes a large general aviation community, a large fleet of classic type of aircraft and a coherent ATC system on the ground. In Europe, the situation is very much the opposite: limited GA activities, a large number of airlines with modern aircraft, many with advanced cockpit capabilities and a large variation in ATC systems maturity. The emerging development in aviation will most likely be towards the European scenario.

As part of the process of implementing services based on ADS-B, the applications and the technologies have to be validated with respect to operational requirements. Eurocontrol and the US FAA decided to form the “Technical Link Assessment Team” (TLAT), a joint activity tasked with comparing Mode S Extended Squitter (1090), VDL Mode 4 and Universal Access Transceiver (UAT; an emerging ADS-B technology developed in US). As the assumed role of ADS-B in aviation differs significantly between Europe and US, the agreed set of assessment criteria is a subset of and a snapshot of known operational requirements that do not fully cover the requirements foreseen in Europe. Furthermore, due to time constraints important areas of interest could not be assessed, including operations on the ground. One of the key features in the European ATM programme is “gate-to-gate” including operations on the ground. The accident on the Milan airport a few weeks ago could have been avoided if an ADS-B system had been in operation at the airport. Indeed, one of the first practical tests of VDL Mode 4 was as a Runway Incursion Warning System. 

The FAA TLAT simulation results on VDL Mode 4 were presented two days before the end of the one and a half  years TLAT session and showed significantly poorer performance for VDL Mode 4 than the results previously presented by LFV and Eurocontrol, causing the performance tables to label some of the VDL Mode 4 RTCA MASPS applications as “inconclusive”. 

When the TLAT activity was concluded by the publication of the report, it was agreed that further work would be conducted as independent US FAA and Eurocontrol activities. The report indicates that none of the investigated technologies fulfils all assessment criteria on its own, but any combination of two links would, i.e. the ADS-B systems standardised by ICAO fulfil all agreed requirements. When using the TLAT findings it is important to note that the full set of European ADS-B requirements are not reflected in the report and that important applications of ADS-B were never addressed. Furthermore, TLAT assessments were strictly limited to ADS-B, i.e. no other CNS/ATM functions were considered, thus preventing a system-wide view. 

Ongoing work in the aviation community, like the ICAO SCRSP, indicates that a combination of CNS services is required in order to fully support ASAS functions in a safe way. Most likely, safe air-to-air communication functions will be required that provide the same level of safety as traditional point-to-point communications used in air-ground communications. The issue of authentication and spoofing are also likely to become essential issues in CNS/ATM and can probably only be supported by combined CNS function within one system. A system, which like VDL Mode 4, operates on multiple channels offers an attractive level of robustness and redundancy.

4.
Spectrum

Spectrum is a limited and rare resource that has to be utilised carefully. Allocation of spectrum traditionally differentiates between communication and navigation services, the latter requiring a higher degree of protection. Introduction of data communications in all the CNS domains will change this assumption, as the carrier of information will be a pattern of bits rather than variations in signal strength. ICAO has in its position for the WRC-2003 begun the process of adjusting the utilisation of the VHF spectrum to data link services, by stating that the band 108-118 MHz should be opened for allocations supporting navigation and surveillance services based on data link communications.

VHF spectrum has proven to be very suitable for aviation on the ground as well as in the air. That was one of the design divers of VDL Mode 4. The Area Navigation (RNAV) system being implemented in Europe is based on three-dimensional navigation using a ground infrastructure of DMEs. VOR will cease to be the sole-means navigation aid, and decommissioning of VORs has already begun in Europe.  This process, combined with the expansion of 8.33 KHz channel spacing for voice communications, will free spectrum for VDL Mode 4 assignments. 

Both Mode S Extended Squitter and UAT are designed to operate on wideband channels in the upper UHF spectrum, which is also used for DME, TACAN and military data links. Mode S Extended Squitter service will use the same channel as the one used for radar systems, while spectrum used for navigation services has to be freed in order to allow UAT operations. The latest proposal for UAT is to free a 3 MHz band centred on 978 MHz, which will cause interference problems with the military JTIDS/MIDS system as well as with some DMEs. Moreover, the band is also used for other national military purposes, which by definition is not open information.

5.
Summary

The approach taken by ICAO when developing standards in support of the CNS/ATM concept is supported by results from the TLAT initiative. A combination of Mode S Extended Squitter and VDL Mode 4 supports all requirements selected by TLAT. Furthermore, it is believed that a more complete set of CNS/ATM requirements will be supported by these two standardised ICAO systems, including:

· Surface operations on airports, one of the major bottlenecks in the air navigation system.

· Point-to-point air-ground communications as well as air-to-air communications in support of safe and efficient data exchange to support the delegation of separation responsibility to the cockpit.

· Airborne collision avoidance as the last-resort safety net when all other precautions have failed.

In order to gain the envisaged short term as well as long term benefits of ADS-B, resources should be focused on developing operational specifications, procedures and work methods, adjusting as appropriate the legal framework and implementing the technologies developed by ICAO. Proliferating data links and systems are counterproductive. Implementation of Mode S Extended Squitter has the potential to enhance TCAS/ACAS. The Russian Federation and Sweden have decided to implement VDL Mode 4 ADS-B services, and several large-scale European programmes focus on the development of ADS-B services based on VDL Mode 4.

6.
Recommendations

The AMCP WG-M/3 meeting is invited to

· note the information in this paper;

· recognise the importance of applying an overall CNS/ATM view when developing global aviation standards that enable interoperable solutions and that are expandable providing the potential to support emerging requirements;

· observe that the TLAT initiative focused on a limited scope of the possible benefits and potential configurations of ADS-B systems;

· observe that many areas included in the TLAT initiative were never addressed or results were deemed inconclusive due to lack of time;

· Consider that in Europe as well in US the requirements for ADS-B are under review and considerable changes are foreseen; and

· note the ongoing activities in order to provide spectrum for VDL Mode 4.
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