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Abstract

INTRODUCTION:

This paper provides insight into the current state of the technological evolution of CNS/ATM within the United States.  This evolution is grounded in the concepts promulgated by the International Civil Aviation Organization (ICAO) specifically Required Communications Performance (RCP), Required Navigation Performance (RNP), Required Surveillance Performance (RSP) and Air Traffic Management (ATM).  Collectively, these concepts form the basis of Required Total System Performance (RTSP).  

With the upcoming ICAO 11th Air Navigation Conference, the importance of having a common understanding of these elements; and, the ability to foster international harmonization, is critical to the task at hand.  Finding convergence in CNS/ATM is critical to the implementation of a global airspace and air traffic management system.  The advent of GNSS has demonstrated that such a capability, in this case that a global navigation infrastructure is the reality.  With the significant economic constraints affecting our users and service providers, it becomes more important to provide a more common service without the requirement (and added cost) of “individualized/regionally specialized” technologies.

While addressing each of the CNS elements from a high level, this paper focuses on navigation more than the other elements.  Navigation is that element which is receiving the most attention today.  Further, navigation is the area which finds the most convergence from an international harmonization perspective.  The ability to harmonize in the area of navigation will set the precedence for the more difficult tasking faced in the communications arena.

THE CONCEPT OF “PERFORMANCE BASED”

As we embark upon a century of change, changes in navigation performance, including the change from source- to earth-referenced systems provides the foundation for the aviation’s global evolution.  One marked by incorporating all elements of communications, navigation, surveillance (CNS) and air traffic management (ATM) into tomorrow’s CNS/ATM based systems.  Concepts in CNS/ATM such as required navigation performance (RNP) provide the path for this transition.

CNS/ATM CONSIDERATIONS

The term CNS/ATM as applied in this document refers to the evolution of systems since the establishment of ICAO’s Special Committee on Future Air Navigation Systems (FANS).   FANS recognized that the existing overall air navigation system and its subsystems, suffered from a number of shortcomings in terms of their technical, operational, procedural, economic and implementation nature.  CNS/ATM systems have the ability to allow for a considerable improvement in safety, efficiency and flexibility on a global scale.  CNS/ATM systems will improve the handling and transfer of information, extend surveillance using ADS and improve navigational accuracy. This will lead, among other things, to reductions in separation between aircraft, allowing for an increase in airspace capacity.  The four main elements of CNS/ATM are summarized below.  The term RNP for navigation will have counterparts for system, communications, and surveillance performance.

COMMUNICATION.  In CNS/ATM systems, the transmission of voice will, initially, continue to take place over existing VHF channels; however, these same VHF channels will increasingly be used to transmit digital data.  ADS-B and Mode S SSR have the capability of transmitting digital data between air and ground stations.  Satellite data and voice communications, capable of global coverage, are also being introduced along with data transmission over HF channels.  An aeronautical Telecommunications Network (ATN) will provide for the interchange of digital data between end-users.  Digital data link can be seen as the key to the development of new ATM concepts leading to the achievement of real benefits.

In the future, the term required communication performance (RCP) will refer to a set of well-defined communications performance requirements, such as capacity, availability, error rate, and transit delay.  Once RCP has been specified for a given airspace, any single communication system, or combination of systems meeting the set parameters, can be considered as operationally acceptable.

NAVIGATION.  The navigation element of CNS/ATM systems is meant to provide accurate, reliable and seamless position determination capability, worldwide, through the introduction of satellite-based aeronautical navigation.  Improvements in navigation include the progressive introduction of area navigation (RNAV) capabilities along with the global navigation satellite service (GNSS).  GNSS will provide a high-integrity, high accuracy and all-weather worldwide navigation service, offering the possibility for many States to dismantle some, or all, of their existing ground-based navigation infrastructure.

RNP is a statement of navigation performance accuracy within a defined airspace based on the combination of the navigation sensor error, airborne receiver error, display error and flight technical error.  RNP types for en-route operations are identified by a single accuracy value defined as the minimum navigation performance accuracy required within a specified containment level.  RNP types for approach, landing and departure operations are defined in terms of accuracy, integrity, continuity and availability of navigation.  Most RNP types for approach and landing operations require vertical containment based on navigation system information.

SURVEILLANCE.  The surveillance system presently in use can be divided into two main types:  dependent and independent surveillance.  Traditional SSR modes will continue to be used, along with the gradual introduction of Mode S in both terminal areas and high-density continental airspace.  The major breakthrough, however, is the implementation of ADS.  ADS allows aircraft to automatically transmit their position, and other data, such as heading, speed, and other useful information contained in the flight management system (FMS), via satellite or other communication links, to an air traffic control unit.  ADS can also be seen as an application that represents, the true merging of communications and navigation technologies, and, along with ground system automation enhancements, will allow for the introduction of significant improvements for ATM, especially in oceanic airspace.

In the future, the term required surveillance performance (RSP) will refer to a well-defined set of surveillance performance requirements such as capacity, availability, accuracy, update rate, etc.  Once RSP has been specified for a given airspace, any single system or combination of systems meeting the set parameters can be considered operationally acceptable.

AIR TRAFFIC MANAGEMENT.  Air traffic management (ATM) encompasses all of the elements traditionally associated with air traffic services (ATS) and also several additional elements of the navigation infrastructure.    Air traffic control is a service provided for the purpose of preventing collisions between aircraft and between aircraft and obstructions within an airspace area, and expediting and maintaining an orderly flow of air traffic.  Fragmentation of airspace and a diversity of national systems prevent optimum use of the airspace.  Additionally, there are limitations to the amount of traffic that ATC can handle, without increasing levels of automation to assist in conflict detection and resolution.  In considering implementation of new communications, navigation and surveillance systems and all of the expected improvements, it can be seen that the overall main beneficiary is likely to be ATM.  More appropriately, the advancements in CNS technologies will serve to support ATM.  An integrated global ATM system should fully exploit the introduction of new CNS technologies through international harmonization of Standards and procedures.

A target level of safety has been defined only for some airspace areas, but not on a global level.  In the absence of agreed to criteria for airspace/airspace capacity and or flexible use of airspace, there is no common basis for regularity and efficiency worldwide. 

REQUIRED TOTAL SYSTEM PERFORMANCE.  
The concept of RTSP is a composite of RCP, RNP, RSP and service(s) provided/ensured through the implementation of air traffic management (and improved ATM tools).  Initially, RTSP is effectively a CNS/ATM matrix where the outcome is directly related to the level of service that is provided for an airspace.  The equation associated with this can be considered as follows:


RTSP(x) ( TLS

RTSP(x) = the outcome of a matrix determining the levels of Communications, Navigation, Surveillance and Air Traffic Management associated with/available within an airspace.  

TLS = the requisite Target Level of Safety for the airspace domain, e.g., Where “fatal accidents per flight hour” is considered to be an appropriate metric, a TLS of 5 x 10-9 per fatal accidents per flight hour per dimension for the en route domain.

Note:  Where fatal accidents per flight hour is not considered to be an appropriate metric, justifiable alternative metrics and methods of assessment providing an acceptable TLS may be established.  US TERPS criteria provide an example, where the requisite metric for obstacle clearance is 10-7 per approach/10-9 instantaneous collision from an obstacle.

The RTSP Matrix could appear as follows:
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Supporting this concept (RTSP(x) ( TLS) are the guidance materials published in Annex 11, Attachment B.  The basis of an RTSP(x) should continue to be provided, e.g., comparison to a high-density reference system (VOR).  Further, the publication of an RTSP matrix should compliment the existing information for the mean distance between route centerlines; and, become an integral part of PANS-ATM (renamed Document 4444, applicability date is 11/1/01).  States could continue to use guidance in these published materials and file exceptions in Doc 7030.

One question that must be considered is the current guidance material related to protected airspace overlap and the use of 99.5 percent containment values (vice 95 percent containment) including the associated radar monitoring requirement when less than 99.5 percent.

Required Total System Performance (RTSP) will specify criteria that should be met by the entire ATM system in the areas of safety, regularity, efficiency, sharing of airspace and in the area of human factors.  RTSP will allow the ATM provider and users of a given airspace to determine the optimum usage level of an airspace.

In the future, RTSP could be associated with an individual aircraft’s performance capability and applied between individual aircraft, not simply against an airspace.  While this is theoretical in nature at this time, the evolution of data processing could allow for such a continued evolution of the concept.

THE CNS/ATM (R)EVOLUTION

Today’s emphasis must rest on the harmonization of CNS/ATM elements to support an international evolution.  While there is much convergence in the area of navigation, we must be willing to work on promoting the successes of navigation into the communications and surveillance arenas.  Much remains to be accomplished.  

Communication

Two significant areas in communication include the recent US decision on DataLink and the associated NexCom program.  The datalink decision was based on two (2) ADS-B technologies, using 1090 ES for high altitude airspace, principally by commercial aircraft; and, Universal Access Transmitter or UAT, for GA.  UAT further can provide a complimentary link should 1090 ES alone not be able to meet long term communication goals.  The NexCom program covers the transition to digitial communications over the next 15 to 20 years. As such, much there remain issues, internationally, where harmonization will become paramount to a global success.
Surveillance

Current Surveillance programs include upgrading the current ASR-7 and ASR-9 radar systems to the ASR-11 radar.  ASR-11 provides Monopulse Secondary Surveillance Radar (over and above current ATC Radar Beacon Systems with 4096 code capabilities) that can be linked to improvements in aircraft transponders/avionics.
From the cockpit perspective, an advisory circular covering the airworthiness and operational approval of surveillance systems such as CDTI, ADS-B, and ADS-C is expected to be completed and published in July of 2004.

Reduced Vertical Separation Minima (RVSM)
One major milestone in RVSM is the January 20, 2005 at 0901 UTC implementation for the CAR/SAM, Domestic US, and Southern Canada regions.  This milestone will link RVSM airspace around the global.

The program elements of US Domestic RVSM implementation include:

· Aircraft and Operators authorized by the administrator or… for non-US operators/aircraft, the appropriate authority

· Aircraft altimetry, autopilot, and altitude alert system modified, as necessary to RVSM standards

· RVSM policy and procedures incorporated into controller, pilot, and dispatch programs

· Air Traffic systems and programs revised
· MONITORING: 

· Aircraft altitude keeping observed to confirm performance standards are being met

· Ground and airborne monitoring systems used to independently monitor aircraft performance

· 3-5 Aircraft Geometric Measurement Element Clusters (AGHME) are being sited

· SAFETY ANALYSIS:

· Is being conducted on accepted Collision Risk Modeling Practices (ICAO Doc. 9574 v2)

· Completion by June 2004

Navigation

Navigation is providing an important role in the evolution of CNS/ATM systems from a global perspective.  It is setting the stage, for convergence in aviation.  No other element can provide as much for today’s repressed aviation economies.  Advancements in navigation have demonstrated how to better match an airline’s business case to the capabilities of their aircraft.  To better define requirements, include operations and airspace, the concept of navigation performance is gaining momentum; and, a commitment from air navigation service providers alike.  
The task ahead continues to be one of harmonization.  Once achieved it will be the integration of navigation with communications and surveillance improvements that allow the definition of an international airspace system.

CONCLUSION

It is oversimplified to address the elements of CNS/ATM independently and speak of “benefits” associated with each element.  A conclusion should demonstrate the “proof of the pudding.”  In the US, more specifically in Alaska, the Capstone project is doing just that.  Now into phase II, we have already seen the first IFR SBAS operation. 
Capstone demonstrates how a State can match the provision of CNS/ATM services with regard to size, geography, traffic density, etc., and successfully evolve into the CNS/ATM concept envisioned in the ICAO Air Navigation Plan for CNS/ATM Systems.

Taking note of the successes of Capstone, we can continue to find. . .

. . .convergence in this evolution.
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