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Letter of Introduction

The Federal Aviation Administration (FAA) and the National Aeronautics and Space Administration (NASA) have a long history of working together on systems to enhance the capacity, efficiency, and safety of the National Airspace System (NAS).  The Integrated Plan for Air Traffic Management Research and Technology Development describes how our organizations combine resources and expertise to conduct research that realizes key, evolutionary improvements in the management and utilization of the NAS.  The research identified in this plan specifically focuses on improving overall Air Traffic Management (ATM).  It encompasses air-based and ground-based air traffic control and traffic flow management tools and procedures.  This integrated research program comprises a total of $691M in FAA and NASA resources over a period of seven years.

The FAA and NASA jointly develop advanced air traffic decision support tools, improve training efficiency and enhance safety through human factors research, and develop and test advanced communication, navigation, and surveillance systems.  The FAA provides leadership, direction, and guidance relating to acquisition policy, research, and system prototyping of the air traffic system.  The FAA additionally develops the guiding operational concept and architecture for the NAS that serves as the framework for much of the research, explores concepts, defines and validates requirements, and plans for current and future systems to enhance air traffic management, airport operations, safety, capacity, and security.  NASA provides technical leadership and expertise relating to concept exploration and development of air traffic management capabilities in concert with FAA’s research and development activities, goals, and objectives.  When advanced technologies achieve sufficient maturity for prototype and full-scale development, NASA brings them to the FAA’s attention for consideration and transfer. The FAA applies its operational expertise to ensure that technically advanced airborne and ground equipment, software, and procedures are operationally useful, efficient, safe, and cost effective.

This third version of the Integrated Plan for Air Traffic Management Research and Technology Development: 1) identifies FAA and NASA ATM research status and accomplishments, 2) links research to capabilities identified in A Concept of Operations for the National Airspace System in 2005, dated September 30, 1997, 3) includes a performance-based focus to the interagency effort in the spirit of the National Performance Review and the Government Performance and Results Act, and 4) introduces linkages to Free Flight Phase 1, an FAA initiative to deploy certain core capabilities at selected en route and terminal Air Traffic Control (ATC) facilities by 2002.

We are proud of our successful past partnerships, and realize that future challenges will require even greater cooperation.  This third edition of the Integrated Plan for Air Traffic Management Research and Technology Development reflects the best technical research plan that our two agencies can use to strategically manage the transfer of air traffic research technology into deployed systems that provide service to the users of the NAS.

                     STEVE ZAIDMAN


                   SAM ARMSTRONG
Steve Zaidman

Gen. Sam Armstrong





Associate Administrator for
Research and Acquisitions

Associate Administrator for
Aero-Space Technology

Federal Aviation Administration
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Executive Summary

As the civil aviation community enters its second century of operation, many factors will challenge the U.S. Government’s ability to provide for safe and efficient operations within the National Airspace System (NAS).  Between 1997 and 2008, world revenue passenger miles are expected to increase by 64 percent.  To accommodate this demand, the hours flown by large air carrier aircraft are forecast to increase by 52 percent.  Airline inventories will increase by almost 50 percent and will include larger and heavier aircraft.  Regional commuter fleets will double while the regional/commuter and general aviation fleet is expected to grow a modest 9 percent.
 
Anticipating this tremendous growth in air traffic, the FAA in concert with the aviation community defined an implementation plan for free flight.  Free flight suggests there can be significant benefits to users of the NAS by: 1) removing constraints and restrictions to flight operations, 2) improving the exchange of information and collaborative decision making among users and service providers, 3) allowing for more efficient management of airspace and airport resources, and 4) providing tools and models to aid air traffic service providers.

Achieving an Air Traffic Management (ATM) system that supports these free flight concepts requires the development and fielding of advanced decision support tools, aircraft avionics, and procedures.  ATM encompasses air-based and ground-based air traffic control (ATC) and traffic flow management (TFM) decision-support tools and procedures.  Advanced ATC capabilities will enhance the ability of air traffic controllers and managers to ensure safe, efficient movement of aircraft throughout all phases of flight.  Advanced TFM capabilities will enable traffic management personnel, working under a variety of conditions, to manage NAS resources strategically in collaboration with NAS users, in the pursuit of maximum safety and efficiency.

ATM as a National Priority: The RTCA published the RTCA Government/Industry Operational Concept for the Evolution of Free Flight, dated August, 1997, to further define the free flight concept and identify steps to its implementation.  The FAA published A Concept of Operations for the National Airspace System in 2005, dated September 30, 1997, for the same reasons.  The RTCA document identifies the capabilities necessary to evolve to free flight while the FAA document identifies capabilities expected by the year 2005, a time frame that represents the first opportunity to make fundamental changes in the delivery of NAS services.
  The year 2005 is consistent with the Final Report to President Clinton of the White House Commission on Aviation Safety and Security,
 recommendation stating “… the FAA should develop a revised NAS modernization plan… that will set the goal of the modernized system being fully operational nationwide by the year 2005.”  Approximately 70 percent of this Plan’s research activities focus on the 2005 time frame.

During 1996 and 1997, the RTCA Select Committee on Free Flight Implementation made several key recommendations to move forward with specific programs and activities.  Responsive to and working with the user community, the FAA undertook a monumental effort to develop a NAS architecture plan to reflect the aviation community needs and recommendations.  In late 1997, this effort resulted in the publication of the FAA’s NAS Architecture Version 3.0. This architecture and the aforementioned FAA and RTCA operations concepts constituted the framework to modernize the NAS by 2005.  The need to take concrete and near-term steps towards NAS modernization was subsequently confirmed through independent assessments by segments of the aviation community which projected severe NAS capacity and delay problems, leading to a degraded air transportation system.

However, due to budget constraints and the identification of risks that could prevent the successful implementation of NAS Architecture 3.0, the FAA Administrator established a NAS Modernization Task Force.  This task force identified the critical issues associated with the NAS Architecture 3.0 as it existed and recommended realistic strategies to achieve the goals of Free Flight. 

The Modernization Task Force conducted a top-level assessment of the issues and risks associated with the NAS Architecture 3.0.  Their deliberations resulted in two recommended new strategies to implement the goals of NAS modernization.  The first, called Free Flight Phase 1 (FFP1), delivers user benefits by 2002 through the deployment of ground automation improvements at specified locations throughout the NAS.  The second, called Safe Flight 21, is an operational evaluation of benefits requiring user equipage of avionics for flight information services, low-cost CFIT avoidance, and ADS-B/CDTI.  The research identified in this Plan builds on the FFP1 capabilities.
The Approach: In September 1995, the FAA and NASA Administrators signed a Memorandum of Understanding (MoU) on Airspace System User Operational Flexibility and Productivity to meet free flight technology needs and provide new capabilities by 2005.  This MoU ensures interagency cooperation on ATM research and development to meet the technical challenges associated with free flight.  To implement the MoU, the FAA and NASA established an Interagency Air Traffic Management Integrated Product Team (IAIPT) responsible for strategically managing the research and development efforts.

The IAIPT consists of an Interagency Integrated Management Team (IAIMT) and six Area Work Teams (AWTs).  The IAIMT is responsible for executive leadership in planning and performing a relevant and dynamic national ATM R&D program.  The AWTs are tasked with planning and performing specific research activities in each of six research areas.  Figure ES-1 depicts the IAIPT structure.

[image: image1.png]


Figure ES-1  FAA/NASA Interagency ATM Integrated Product Team (IAIPT)

Performance-Based Outcomes for ATM:  An addition to the second edition of the Plan and continued in this third version is the tracing of research products to  performance-based outcomes and outputs.  This formulation is derived from the Government Performance and Results Act of 1993 (GPRA).  The FAA and NASA are using GPRA guidance to transform the way their programs are planned, evaluated, and managed.  The IAIPT has adopted this performance-based concept as the logical framework for organizing and evaluating the R&D efforts for which it has responsibility.  The intention is to show how the IAIPT activities contribute to the FAA and NASA GPRA outcomes, and to ensure that the integrated efforts relate to the GPRA performance goals that have been established by both agencies.

The Plan specifies six performance-based strategic outcomes for ATM.  The outcomes reflect the GPRA outcomes for the NAS, as a whole, defined by the FAA and NASA and include:

· Safety - Reduce the risk or injury caused by aviation accidents.

· Predictability - Provide users with timely and appropriate information to allow better planning and use of resources.  Reduce the degree of unpredictability on transit times, delays, etc.

· Flexibility - Increase the degree of system flexibility by providing greater freedom to users to select their preferred routes and departure times.  Expand user participation in system decision-making strategies.

· User Access - Provide aircraft operators with expanded access to airports, airspace, and ATM services.

· Delay Reduction - Reduce non-recurrent delays to aircraft.

· Efficient Service Delivery – Provide more efficient FAA service delivery and better RE&D planning.

The pie chart in Figure ES-2 depicts the percentage of resources (totaling 690.7 over seven years) reflected in the Integrated Plan for Air Traffic Management Research and Technology Development that are planned for projects that relate to each outcome and to two major “Technology Validation” efforts within NASA.
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*Note: The primary objective of the ATM R&D program described in this document is to increase the flexibility and efficiency of airspace operations, ensuring there is at least no degradation in safety over current operations.  It is expected that safety will be enhanced as a result of the new capabilities emerging from this research program; however, safety has not been identified above as a primary ATM performance outcome.  There are major FAA and NASA initiatives not under the auspices of the IAIPT that are addressing safety as the primary outcome.

Figure ES-2  ATM R&D Resource Allocation By ATM Performance Outcome
Needed Capabilities:  To ensure  the proper research is underway, the IAIPT reviewed the basic capabilities described in the RTCA and FAA concept of operations documents to identify the key characteristics and attributes of NAS operations in the 2005 and Mature Free Flight time-frames.  Requirements for a specific product or operational capability needed to enable the desired key characteristic were then identified.  Where a research activity was required to resolve open issues, design system elements, or develop new capabilities or procedures, the IAIPT mapped these research requirements to the research projects encompassed within this Plan that provide the necessary products.  This analysis, included within this Plan, identifies areas that may require additional investigation and research resources.

Research Projects:  The FAA and NASA ATM research projects were initially selected from ongoing FAA and NASA efforts to support NAS modernization.  Beginning with the second version of the Interagency Plan, some research was refocused to satisfy identified needs to ensure that 2005 capabilities are the major focus.  This process continues with this third version.  The IAIPT will continue to review the combined FAA/NASA research programs to ensure alignment with aviation community needs.  The Plan will be revised at least annually to reflect current thrusts.

The specific research projects, collaboratively planned and performed between the FAA and NASA, are described through a set of Joint Research Project Descriptions (JRPDs).  Figure ES-3 depicts the six IAIPT ATM research areas and the joint research projects encompassed within.  The figure also shows Flight Deck, Communications, Navigation and Surveillance (CNS), and Weather as related research areas.  The scope of the IAIPT includes application of these evolving technologies to support new ATM capabilities, but, in general, does not include the research efforts to develop all of the technologies in those areas.  New technologies developed in these areas may cause the IAIPT to identify research projects that require integration.
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Figure ES-3  IAIPT ATM Research Areas and JRPDs

Milestones:  The goal of the IAIPT is to perform the research necessary to field systems that provide to the NAS the capabilities which are described in the RTCA and FAA concept of operations documents.  To provide these needed capabilities, the FAA, NASA, and their research partners must work together as part of a system development and implementation process, meeting a series of milestones as depicted in Figure ES-4.  This figure also differentiates between FAA and NASA roles.  The FAA is involved throughout the process, from Concept Exploration through Deployment of new capabilities, while NASA focuses on Concept Exploration and Concept Development.

Note:  Although this may serve as a useful general model for the research, development, and implementation process, in certain R&D projects, there may not be a uniform transition point from the IAIPT to domain IPTs.  Similarly, certain R&D products that mature sufficiently during the concept exploration and concept development phases or are easily implemented in the NAS infrastructure, may transition directly to a full-scale development effort.  Also, this model may not be appropriate for R&D projects whose outputs include non-material solutions, or for research, which often takes an indirect path to provide an outcome.  If appropriate under the circumstances and supported by investment analysis, deviation from the methodology shown in Figure ES-4 may be agreed upon by the IAIPT and domain IPT.
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Figure ES-4  ATM Transition Phases of Development
Executive Schedule:  For each of the joint research projects, the AWTs have prepared detailed project schedules.  The schedule chart on the following page, Schedule ES-1, summarizes high-level project milestones and how projects relate to national milestones.

Summary:  The remainder of the Integrated Plan provides detailed information on how the ATM system must evolve and the initiatives underway to provide the needed capabilities and technologies.

Schedule ES-1  ATM Executive Schedule
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1.
Introduction

1.1
Purpose 

The Integrated Plan for Air Traffic Management Research and Technology Development [hereafter referred to in this section as the Integrated Plan or “this Plan”] describes cooperative Federal Aviation Administration (FAA) and National Aeronautical and Space Administration (NASA) research and development (R&D).  The systems that result from this R&D will increase National Airspace System (NAS) flexibility, predictability and access and reduce system delays.  This Plan explains how focusing combined FAA and NASA resources can generate the technologies needed to effectively improve NAS operations.

Historically, the aging air traffic infrastructure has been updated frequently to ensure continued reliable service.  Unprecedented meetings with air traffic system users have recently led the FAA to begin significant improvements to the current air traffic system even while planning its replacement.  The deployment of Free Flight Phase 1 (FFP1) capabilities
 to some terminal and en route facilities is an example.  Therefore, to satisfy the future needs of the aviation community, the FAA and NASA must cooperate on R&D affecting overall ATM operations as well as on more specific areas of Communications, Navigation, and Surveillance (CNS).

1.2
Scope

This Plan identifies research and development related to all decision‑support systems needed by NAS service providers and users.  R&D for some major ATM-related enhancements to the cockpit environment and airline operation centers is featured, but studies of supporting methodologies such as system modeling and assessment, human factors, operational procedures, and safety assessment are also included.  In other circumstances, the perspective is reversed—this Plan describes only the systems that support the processing, analysis, and display of data acquired by new CNS or weather systems, but not these major systems themselves.  Safety standards achievable through proposed systems and procedures will not fall below, and in some cases will exceed, current levels.

All specific products described in this Plan must be suitable for implementation as part of the overall NAS Architecture and operational concepts that have been previously stated in key FAA publications. This Plan also includes descriptions of some projects that could further define the future NAS Architecture and its operations.

1.3
Background

In 1995, upon completion of the work of the RTCA Task Force 3,
 the aviation community produced an implementation plan for Free Flight.  In the previous year, a Select Committee established by the FAA and the RTCA Board of Directors had already described the Free Flight operational concept as a “safe and efficient flight operating capability under Instrument Flight Rules (IFR) in which the operators have the freedom to select their path and speed in real time.”  The Select Committee’s final report
 added: “Air traffic restrictions are only imposed to ensure separation, to preclude exceeding airport capacity, to prevent unauthorized flight through special use airspace, and to ensure safety of flight. Restrictions are limited in extent and duration to correct the identified problem. Any activity that removes restrictions represents a move toward Free Flight.”  The research identified in this Plan is targeted toward developing capabilities that support the Free Flight concept.

1.3.1
FAA Commitment to National Airspace System Evolution

The FAA is working with the aviation community, represented by RTCA, to introduce evolutionary enhancements throughout the NAS. System users have made their present and near-term concerns known, and the FAA has recognized the dual urgency of immediate NAS modernization and planning for a new Free Flight system able to meet projected demands. The agency’s new acquisition and personnel management systems, combined with integrated product R&D, shows great promise of faster product development and fielding.  Free Flight Phase 1 is an example of the accelerated modernization of the NAS.

1.3.2
NASA Commitment to Air Transportation Research

Most NASA programs have advanced the development of aeronautical vehicles that operate in the NAS.  Present and near-future changes in the NAS have a direct impact on the development of these vehicles.  While a potential new aircraft’s aerodynamics, structures, propulsion and controls are as vital a concern as ever, how the vehicle will operate in a given airspace system has taken on a new importance.  Inability to operate under the prevailing instrument flight rules during poor visibility conditions jeopardizes the potential success of very promising aircraft such as next generation transports, general aviation aircraft, vertical flight vehicles, high speed civil transports, and reusable launch vehicles.  NASA’s present opportunity to help define the next generation air traffic system may determine the success of its future vehicle development. Accordingly, NASA has committed to outcome-oriented
 goals in support of FAA’s customer community through the full R&D process.

1.3.3
FAA/NASA Memorandum of Understanding

On September 11, 1995, the FAA and NASA Administrators signed a Memorandum of Understanding (MoU) to open a new relationship between their agencies.  The MoU on Airspace System User Operational Flexibility and Productivity (included as Appendix A to this Plan) ensures interagency cooperation on air transportation research associated with Free Flight. The MoU also establishes an Interagency Air Traffic Management (ATM) Integrated Product Team (IAIPT) to coordinate R&D between the agencies.  The IAIPT has the primary role in the development and oversight of this Plan.

1.3.4
Air Traffic Modernization as a National Priority

When the first edition of the Integrated Plan (Version 1.0) was published on September 30, 1996, the FAA’s target date for completing implementation of the modern NAS was beyond 2005.  Later, the Final Report to President Clinton of the White House Commission on Aviation Safety and Security,
 recommended that the modernized system be made “fully operational nationwide” by the year 2005.  The recommendation became the official FAA position.  Subsequently, using feedback from the aviation community, the September, 1997 ATS Concept of Operations, and predicted funding levels, the draft version of NAS Architecture 1998 (Version 3.0) was prepared and published.  In January, 1999, NAS Architecture 4.0,
 which covers the period 1998 through 2015, was published.  This latest architecture implements a set of capabilities recommended by the RTCA Task Force 3 Report on Free Flight, and represents a selected path for NAS Modernization that is based on current constraints.  It employs an evolutionary model whereby certain maturing technologies are deployed on a limited basis and assessed by the FAA and the users.  NAS Modernization is implemented in three phases:  Phase 1 (1998-2002), Phase 2 (2003-2007), and Phase 3 (2008-2015).
1.3.5
Integrated Plan for Air Traffic Management Research and Technology Development

The third edition of the Integrated Plan focuses ATM R&D upon support of NAS modernization,  without sacrificing longer-term research requirements intended to lead to Free Flight.  Capabilities described as essential in A Concept of Operations for the National Airspace System in 2005 have been identified, clearly linked to research activities, and made more consistent with anticipated budgets. Shared goals and a performance-based theme consistent with the spirit of the National Performance Review and the Government Performance and Results Act of 1993 have also been reflected in this new description of the interagency effort.  Finally, the research identified will add to the capabilities provided by FFP1 systems.

1.4
Research Overview

In order to provide capabilities that satisfy the needs and outcomes of the 2005 NAS and future system, the FAA and NASA are conducting research in the six areas described below.  For each research area, there is an IAIPT Area Work Team (AWT) responsible for managing area specific activities.

· System/Cross-Cutting - Projects that relate to system-wide initiatives, including the initial definition of concepts and assessment methodologies and demonstrations of cross-domain system(s) integration such as the integration of en route, terminal, and surface decision support systems.
· Traffic Flow Management - Projects that relate to strategic resource allocation and flow management.

· Surface - Projects that relate to operations on an airport’s surface.

· Terminal - Projects that relate to operations in airspace surrounding one or more closely spaced airports where a Terminal Radar Approach Control (TRACON) or a comparable military facility provides services.

· En Route - Projects that relate to operations in airspace between airports where an Air Route Traffic Control Center (ARTCC) provides services, and transition airspace between the En Route and Terminal environments.

· Oceanic - Systems that relate to operations in airspace over international waters where an Oceanic Air Route Traffic Control Center (ARTCC) provides services.

The research projects were initially compiled from ongoing FAA and NASA efforts to support NAS modernization.  Beginning with Version 2.0 of the Integrated Plan, the IAIPT refocused its research program to reflect specific requirements identified in A Concept of Operations for the National Airspace System in 2005, and the RTCA Government/Industry Operational Concept for the Evolution of Free Flight.  This version of the Plan (Version 3.0) introduces Free Flight Phase 1, an FAA initiative to deploy certain core capabilities at selected en route and terminal ATC facilities by 2002.  Future versions of the Plan will continue to focus on technologies needed to provide the capabilities identified in the documents mentioned above.

The specific research projects, collaboratively planned and performed between the FAA and NASA, are described through a set of Joint Research Project Descriptions (JRPD).  Figure 1-1 depicts the six IAIPT ATM research areas and their respective joint research projects.  The figure also shows Flight Deck, Communications, Navigation and Surveillance (CNS), and Weather as related research areas.  The scope of the IAIPT includes application of these evolving technologies to support new ATM capabilities.  It generally does not, however, include the research efforts needed to develop all of the technologies in those areas.  Newly developed technologies in these areas may cause the IAIPT to identify research projects that require integration.
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Figure 1-1  IAIPT ATM Research Areas and JRPDs

1.5
Free Flight and Related Research

Free Flight is a joint initiative of the global aviation industry and the FAA.  The planning has been done principally through RTCA, Inc., a not-for-profit organization that provides a forum where government and industry representatives gather to address aviation issues and to develop consensus based recommendations.  In 1994, RTCA formed a government and industry select committee to study Free Flight.  The committee's report defined the Free Flight concept and the first steps for its implementation.  In 1995, at the request of the FAA Administrator, RTCA formed Task Force 3 to further define the procedures, system architecture, and transition recommendations.  This 250-member group included representatives from general and business aviation, the airline industry, pilot and controller unions, industry suppliers, academia, and Government.  The group published its recommendations in October 1995.

In 1996, the FAA Administrator confirmed the agency's commitment to Free Flight and a seamless global air traffic management system.  The FAA developed a Free Flight action plan, responding to the RTCA Task Force recommendations.  Also in 1996, a Government/industry Free Flight Steering Committee was formed to:  1) establish an implementation strategy and milestones; 2) periodically review Government and industry progress in meeting implementation commitments; 3) identify new Free Flight implementation opportunities; and 4) increase the aviation community’s understanding of Free Flight.  Figure 1-2 reflects the road map to Free Flight, as defined by RTCA, and the JRPDs associated with meeting these needs.
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Figure 1-2  Road Map to Free Flight

1.6
Relevance of Free Flight Phase 1 to IAIPT Research

FFP1 is an FAA initiative to provide near-term ATM capabilities that can deliver early benefits to service providers and NAS users.  These capabilities result from FAA and NASA research.  Much of the research identified in the Integrated Plan will enhance and integrate FFP1 capabilities, including:

· Conflict Probe (CP) [User Request Evaluation Tool (URET)]

· Traffic Management Advisor - Single Center (TMA)

· Passive Final Approach Spacing Tool (pFAST)  

· Collaborative Decision Making (CDM) with (AOCs)  

· Surface Movement Advisor (SMA)
The FFP1 capabilities are currently in development status or in limited operational use at various FAA facilities.  The FAA wants to deploy these capabilities to other facilities or locations through an emerging strategy for NAS Modernization known as Core Capability Limited Deployment (CCLD).  By means of CCLD, the FAA proposes to manage risk exposure while incrementally providing early benefits to users.  The FAA plans to field FFP1 capabilities as quickly as possible (to allow for evaluation by 2002) to identify benefits and to determine follow-on deployment strategies.

Table 1.1 below lists the candidate Air Route Traffic Control Centers (ARTCCs) for implementation of FFP1 capabilities.  The sites were agreed to by the aviation community, representing government, industry, users, and other stakeholders, and adopted by the Free Flight Steering Committee (FFSC) in April, 1998.

Table 1.1 – Candidate Sites for FFP1 Implementation

ARTCC
FFP1 Capabilities

Atlanta (ZTL)
TMA, pFAST(ATL), URET, SMA(ATL)

Chicago (ZAU)
TMA, pFAST(ORD), URET, SMA(ORD)

Cleveland (ZOB)
URET, SMA(DTW)

Denver (ZDV)
TMA

Fort Worth (ZFW)
TMA, pFAST(DFW) , SMA(DFW)

Indianapolis (ZID)
URET

Kansas City (ZKC)
pFAST(STL), URET

Los Angeles (ZLA)
TMA, pFAST(LAX)

Memphis (ZME)
URET

Miami (ZMA)
TMA

Minneapolis (ZMP)
TMA, pFAST(MSP)

New York (ZNY)
TMA, pFAST(JFK,EWR,LGA,PHL), SMA(EWR,PHL,TEB)

Oakland (ZOA)
TMA

Washington (ZDC)
URET

ATC System Command Center
CDM

Airline Operation Centers
CDM

Note:  Bold indicates TRACONs or Airports

1.7
NASA Throughput Roadmap and FAA NAS Architecture Tie-In

The FAA’s mission is to provide a safe, secure, and efficient global aerospace system that contributes to national security and to the promotion of U.S. aerospace safety.  NASA’s mission, in part, is to research, develop, verify, and transfer advanced aeronautics, space, and related technologies.  These missions are interdependent.  In order for NAS users to achieve benefits from the FAA and NASA research programs, the results must be:  1) implemented through NAS modernization, standards, and regulations; or 2) directly implemented by industry.

The FAA is working closely with the aviation community to define and agree upon an Operational Concept of the Future NAS, and to develop a corresponding NAS Architecture for implementation.  The Operational Concept and NAS Architecture may evolve over time in response to external factors such as U.S. and Global economic or political conditions, international agreements, and/or changing requirements of the aviation community.  It is important that the IAIPT research program be tied to, and support, the current and evolving NAS Operational Concept and Architecture.  The charts contained in Appendix C illustrate the tie-in between “NASA’s Throughput (Products) Level 1 Roadmap” and FAA’s ATM products/outputs, as defined in the National Airspace System (NAS) Architecture Version 4.0, Federal Aviation Administration, Washington, D.C., January 1999.

1.8
FAA/NASA MoU Convergence

The Memorandum of Understanding (MoU) between the FAA and NASA covers their cooperative research and development activities focused on enhancing aircraft user operational flexibility across the national airspace.  The Integrated Plan contains descriptions of those cooperative activities.  To assist in understanding which activities cover which aspects of the MoU, a covergence matrix is provided in Appendix B.

1.9
Execution of the Integrated Plan

The IAIPT intends to capitalize on the individual FAA and NASA strengths and resources as well as their collaborative ability to achieve national goals.  The IAIPT also invites participation and involvement from the following entities in the execution of this Plan:

· Federally Funded R&D Centers (FFRDCs)

· Research Contracts

· Industry

· Academia

· Department of Defense

· NOAA’s National Weather Service

· NEXTOR (National Center of Excellence in Air Traffic Management and Operations Research)

· Eurocontrol

 This Plan includes key milestones against which the Team can assess progress and recommend necessary modifications.  The IAIPT will not directly manage individual agency programs; rather, FAA and NASA managers will adjust their programs as directed by their respective managers.

Projects and tasks will be divided between the FAA and NASA to best accomplish the R&D mission, fulfill respective agency responsibilities, and utilize available expertise. The FAA has significant responsibilities in all stages of R&D, and bears full responsibility for implementation of functional capabilities and supporting systems in the NAS.  The FAA retains responsibilities for defining the overarching operational concepts to be employed in the NAS as well as the required architecture.  NASA’s primary responsibilities and resources are focused on supporting the concept exploration and development of new technologies (see Section 3.3 for definitions of the development phases).

A strong research program into emerging technologies and the evolutionary fielding of mature products and capabilities is crucial to the FAA’s ability to support NAS modernization.  Accordingly, the primary products of the activities described in this Plan are well-researched, clearly defined, and validated operational concepts, technologies, supporting methodologies, and functional capabilities.  The Team has confidence that proper implementation of these products will improve system performance and benefit NAS users and service providers.  A quantitative evaluation of expected benefits will be produced for each functional enhancement.  Final implementation decisions will be made in the context of the FAA's overall system acquisition and capital investment process.  The user community will be kept informed and consulted throughout all phases of R&D, follow-on development, and implementation.

NAS modernization efforts within the 1999 to 2015 time frame will follow an evolutionary path. Whenever possible, users will be allowed the maximum flexibility to collaborate in or make their own ATM decisions.  Research activities within this Plan will define, assess—and sometimes redefine and reassess—the broad new architectural and operational innovations necessary for the NAS to evolve toward Free Flight.

1.10
Plan Contents

The remaining sections of this Plan describe the vision for the future air traffic management environment, the R&D needs implied by this vision, the organizational structure needed for the IAIPT to guide the research, and the specifics of individual research projects.

Brief descriptions of each section follow:

Volume 1 - Executive Summary / Overall Plan
· Section 2 provides a vision of air traffic management in the 2005 and Mature Free Flight time frames. The key characteristics for each time frame and identified needs and performance measures for each characteristic are described. 

· Section 3 describes the IAIPT’s objectives, organizational structure, and roles and responsibilities.

· Section 4 identifies the ATM performance structure, correlates joint research project products with ATM performance outcomes, and identifies research needs.

· Section 5 contains references used by the Integrated Plan.

· Section 6 contains a list of acronyms and abbreviations.

· Appendix A contains the text of the Memorandum of Understanding (MoU) between the FAA and NASA.

· Appendix B contains the FAA/NASA MoU Convergence Matrix.

· Appendix C contains charts that illustrate the tie-in between NASA’s Throughput Roadmap and the FAA’s NAS Architecture.

· Appendix D contains the full database of ATM Performance Outcomes and Outputs for ATM Research and Technology Development.

Volume 2 - Area Work Team Plans and Joint Research Project Descriptions

· Sections 1 through 6 provide summary descriptions of each research domain and its related research projects.

· Section 7 contains a list of acronyms and abbreviations.

· Appendix A contains the full database of ATM Performance Outcomes and Outputs for ATM Research and Technology Development.

· Appendix B contains the definition of an IAIPT Key Milestone for ATM Research and Technology Development.

· Appendix C contains the Joint Research Product Descriptions (JRPDs) for ATM Research and Technology Development.

Volume 3 - Program Resources and Funding
· Sections 1 through 6 provide resource and funding details associated with each research domain and its related research projects.

· Section 7 identifies the summary of ATM R&D resource requirements and their allocation to ATM performance outcomes and NAS time frames.

· Section 8 contains a list of acronyms and abbreviations.

{This Page Intentionally Blank.}
2.
The Vision for ATM in the United States

The vision of future operations in the National Airspace System (NAS), stated in the Final Report of RTCA Task Force 3, is to provide the world’s safest, most efficient, most responsive aviation system.  Fiscal constraints and a predicted 52 percent increase in the hours flown by large air carrier aircraft between 1997 and 2008,
 however, greatly challenge the abilities of government and industry to realize such a vision.

RTCA has consistently supported activities in which the government and industry work together toward Free Flight as the best approach to improving NAS operating efficiencies without compromising safety. Free Flight, as described in the remaining paragraphs of this section, offers NAS users a real prospect of: 1) removing constraints and restrictions to flight operations, 2) improving the exchange of information and collaborative decision making among users and service providers, 3) improving the management of airspace and airport resources, and 4) introducing tools and models to aid air traffic service providers.

2.1
A Collaborative Partnership
System users and service providers alike must share data and become partners in the management of future NAS operations.  Increased flexibility and operational freedom, without compromise to safety, must drive their cooperative efforts.  The technologies they adopt must be appropriately analytical and proactive.  New systems must generate and disseminate timely, highly accurate information.  The collaborators must be made better able to predict the limitations of airports and airspace and take corrective action before aircraft-to-aircraft, terrain, weather, and other conflicts bear negative results.

Rather than remaining bound by today’s operational restrictions, future NAS users will be free to respond quickly to their own changing needs. The ATM system, operations center equipment, and avionics will be enhanced to allow users:  1) to base operational schedules on their preferred departure and arrival times, 2) to fly immediately beneficial routes and not those predefined by the ATM system, and 3) in some cases, to maneuver their aircraft without the prior permission of air traffic controllers.
Key to the vision of a new NAS is the ability to gather and exchange a new generation of immediate, accurate data regarding such matters as potential conflicts, airspace and airport capacity constraints, special use airspace schedules, flight profiles, in-flight progress, cancellations, and prioritized departure and arrival times.  Some of this information will be transmitted electronically, some verbally, but all will facilitate rapid decisions by service providers and system users sharing a timely view of changing conditions and responsibility for effective management.

2.2
Schedule Flexibility
With the future airspace system, users will experience fewer constraints on selecting and modifying aircraft departure and arrival times than they do today.  The ATM system will inform users of real or predicted resource problems, such as an unusually high demand for a particular airport.  The users will then determine, within minimal constraints to ensure safety and equability, airport and departure details for their various flights.  When no unusual demands affect airport or airspace resources, users will schedule and operate their aircraft with virtually no restrictions or allocations.

2.3
Flight Path Flexibility
NAS users will also have increased flexibility to select flight paths that meet their needs.  The ATM system will provide data to help users to determine paths for their aircraft to follow on a given day and will return details of their intent.  A combination of external and internal factors will influence users decisions.  Externally-generated variables includes weather, wind, airport, airspace, navigation system, and NAS status data.  Data of this sort changes frequently, must be continually updated, and generally comes from the ATM system itself or from external resources such as the National Weather Service.  User-maintained or internal information includes variables such as schedules, crews, passenger counts, and aircraft performance data.

Traffic Flow Management (TFM) will use flight path information obtained from users to predict where and when airspace congestion, and possible delays, are likely to occur.  Users will be updated, and then have the option to reroute their flight(s) and inform TFM of their changes.  A new set of predictions and updates will then be generated.  This iterative process will both precede and occur during flight. Users will be able to plan and re-plan the flight paths that best meet their needs, but the continual exchange of information between users and TFM will allow the authorities to impose restrictions on some or all flights within resulting congested airspace.

2.4
Service Predictability
NAS users require a high level of service predictability in order to maintain their total operations.  While schedule flexibility, flight path flexibility, and maneuver flexibility are important on a flight-by-flight basis, the economic viability of the user requires that the service provided has the least possible variance. The operational and revenue planning functions of the user are dependent not only on the average operation and response from the service provider, but on the range of response since the management of the fleet schedule must guard against both.

In order to provide this predictability, the NAS service provider will be given a series of decision support tools that aid in the computational burden associated with traffic and help reduce the level of situation uncertainty.  These tools are especially important as flexibility removes levels of standard practices and patterns from the service provider's tool set.  These tools help to identify and quantify risk associated with traffic situation problems as well as guidance in sequencing and spacing traffic through constrained resources.

2.5
Maneuver Flexibility
For pre-approved operations or operations that have evolved with mutual agreement, pilots will be able to alter their heading, altitude, and/or speed to follow a dynamically-optimum path as they deem appropriate without obtaining prior approval from ATM.  Users will thus enjoy the tactical flexibility normally associated with visual flight rules and not give up the level of protection traditionally achievable only through instrument flight rules.

To provide this capability, NAS users will make full use of ground and aircraft flight planning and aircraft surveillance systems.  Aircraft will continually transmit both their actual and intended positions so:  1) ATM can monitor aircraft separation and predict conflicts, and 2) other aircraft can detect and avoid conflicts. Relatively few or many maneuvering restrictions will be imposed upon aircraft depending upon the levels of congestion actually experienced.
2.6
Achieving the Vision
The FAA is responsible for developing and managing technologies and regulations that will ensure a safe, efficient NAS.  Research and analysis performed or sponsored by the FAA is directed toward satisfying these basic operational responsibilities while improving service to the agency’s customers. NASA’s mission is to research, develop, verify, and transfer advanced aeronautics technologies.  NASA has committed to a ten-year outcome-oriented goal
 of finding means to safely triple NAS throughput in all-weather conditions.  This air transportation research goal can only be achieved in close collaboration with NASA’s principal customer for air traffic technology, the FAA.

Together, the agencies have set out to combine their expertise and resources as allowable within their respective missions, to achieve the safe, efficient NAS vision advanced by proponents of Free Flight.

{This Page Intentionally Blank.}
3.
ATM R&D Program Structure

Within the United States, airspace users and service providers have agreed to work toward rapidly modernizing the airspace system, expediting successful products from the research environment into the operational environment, and increasing user flexibility in an evolution to Free Flight.  A dynamic air traffic management (ATM) research and development program is a critical element in achieving those objectives.

Figure 3-1 illustrates the coordination and execution of two major ATM R&D emphases.  One emphasis is domestic.   A primary role of the FAA/NASA Interagency ATM IPT (IAIPT) is to integrate and manage ATM R&D programs conducted or sponsored in this country by the collaborating agencies to meet common, national objectives for the future ATM environment.  An additional emphasis includes ATM R&D program and supporting research activities in Europe.  Projects sponsored both by Eurocontrol and the individual European national administrations are included through a memorandum of cooperation with the Eurocontrol Organization.  This section focuses primarily on the organization and structure of the IAIPT, but offers brief descriptions of other research linkages deemed crucial to achieving the collaborative evolution of a global air transportation system.
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Figure 3-1  ATM R&D Coordination and Execution

3.1
The Interagency ATM IPT

The FAA and NASA have traditionally coordinated their research efforts and often demonstrated the value of interagency collaboration.  A Memorandum of Understanding was signed in September, 1995, by the Administrators of both agencies, formally committing their organizations to an integrated R&D effort for air traffic management decision support system evolution.  The FAA/NASA IAIPT was created for the planning and achievement of this collaborative effort.

For specific details pertaining to the operating responsibilities, roles, and methods of the IAIPT, refer to the Management Plan for the FAA/NASA Interagency Air Traffic Management Integrated Product Team, Version 1.0, dated January, 1999.

3.1.1
IAIPT Mission

The IAIPT mission is to plan and conduct integrated FAA/NASA air traffic management research and development leading to implementation of operational concepts and associated decision support tools (DST) to maximize the safety, efficiency, and flexibility of operations for the current and future National Airspace System (NAS).  ATM encompasses air-based and ground-based air traffic control (ATC) and traffic flow management (TFM) DSTs and procedures.  Advanced ATC capabilities will assist and enhance the ability of air traffic controllers and managers ensure safe and efficient movement of aircraft throughout all phases of flight.  Advanced TFM capabilities will enable traffic management personnel to collaborate with NAS users in managing system resources safely and efficiently under a variety of conditions.

The IAIPT has established an approach that can fulfill its mission through use of the FAA’s expertise in air traffic management, system implementation and operations, and NASA’s expertise in aeronautics and technology development.  This approach will balance near-term against long-term requirements, but will initially emphasize the development and validation of system improvements that can provide benefits to system users by 2005.

3.1.2
IAIPT Organization

The IAIPT has been organized with effective means for resolving differences between participating organizations (government and industry), and integrating solutions across domains.  The IAIPT is comprised of the major stakeholders in the planning, execution, and outcome of ATM R&D programs, throughout the FAA and NASA.  To manage the diverse set of responsibilities described above most effectively, the IAIPT has been structured as shown in Figure 3-2.  The four major elements of this organization are:  1) the IAIPT Co-Leads, 2) the Interagency Integrated Management Team (IAIMT), 3) Area Work Teams (AWTs), and 4) the Executive Secretary. 

The IAIPT Co-Leads strategically formulate R&D policy and goals that effectively position the IAIPT to achieve its mission.  The IAIMT ensures that R&D outputs result in highly useful ATM products for customers and stakeholders.  The AWTs execute specific research activities in each of the research areas encompassed by the IAIPT.  The Executive Secretary funnels information, guidance, and direction between the IAIPT Co-Leads, IAIMT, and the AWTs.  Together, these elements provide the structure and means for communications and resolution of issues as well as integration across research domains.
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Figure 3-2  FAA/NASA Interagency ATM Integrated Product Team (IAIPT)

3.1.3
IAIPT Membership

The IAIPT membership includes the executive leadership and technical and program management from the FAA, NASA, as well as their supporting research and technical support institutions.  The Team includes representatives from the following organizations:

FAA
· FAA/NASA Integrated NAS Research (AAR-700)

· Aviation Research Division (AAR-200)

· Architecture and System Engineering (ASD-100)

· NAS Concept Development (ASD-130)

· Program Analysis and Operations Researcha (ASD-400)

· Free Flight Phase 1 Program Office (AOZ)

· Air Traffic Systems Development (AUA)

· Communications, Navigation, and Surveillance Systems (AND-370)

· William J. Hughes Technical Center (ACT)

· ATM/AFSS Divisionb (ARU-300)

· Regulation and Certification Division (AVR)

a Represents the Center of Excellence for Operations Research on the IAIPT.

b Represents the FAA Air Traffic Service organizations on the IAIPT.

NASA
· Advanced Air Transportation Technologies Project, Ames Research Center

· Aviation System Capacity Program, Ames Research Center

· Aviation System Capacity Program, Langley Research Center

· Aviation Systems Research, Technology, and Simulation Division, Ames Research Center

· Aviation Operations, Research & Technology Division, Office of Aero-Space Technology, HQ/RP

Research Institutions
· MITRE Center  for Advanced Aviation System Development (CAASD)

· Volpe National Transportation Systems Center (VNTSC)

· Massachusetts Institute of Technology Lincoln Laboratory (MITLL)

3.1.4
IAIPT Management Framework

The framework for the management of the collaborative ATM R&D activities of the IAIPT is shown in Figure 3-3. The IAIPT periodically reports to the FAA Associate Administrator for Research and Acquisitions and the NASA Associate Administrator for Aeronautics and Space Transportation through the FAA/NASA Coordinating Committee.  Specific program direction and control comes through internal program management mechanisms in both agencies.  The dashed horizontal lines in the figure represent the working-level interface between the AWTs and the program managers within the FAA and NASA.  A key benefit of these non-traditional interfaces is the active participation of all affected organizations and programs in the planning and decision-making processes of the IAIPT.
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Figure 3-3  Management Framework for ATM R&D Collaboration

3.2
ATM Research Linkages

3.2.1
International Linkages

The FAA maintains a collaborative relationship in ATM R&D with the Eurocontrol Organization through a memorandum of cooperation.  The IAIPT ATM R&D program relies upon this mechanism to coordinate its domestic activities with those of research institutions and individuals throughout Europe.  This arrangement helps to develop common operating concepts, advance capabilities for the future global air traffic management system, and harmonize international air transport operations.  Many factors leading to the formation of the IAIPT apply equally to collaboration with Eurocontrol, including the need to leverage existing ATM R&D resources and avoid unnecessary duplication of effort.

The specific objectives agreed upon by the FAA and Eurocontrol for collaboration in ATM R&D are to:

· Promote a mutual understanding of the role of ATM decision support systems and tools in an evolving international ATM system;

· Share information, experience, and expertise gained during research, development, and implementation activities;

· Collaborate on the development, evaluation, and validation of decision support tools, as well as other areas of ATM R&D; and,

· Establish air/ground data communications requirements necessary to support the future ATM system.

The planned evolution of the air transportation system, development of new technologies and procedures, Free Flight, and many other factors concerning the future ATM environment are coordinated extensively with civil aviation authorities (CAA) through the International Civil Aviation Organization (ICAO).  The cooperative ATM research with Eurocontrol encompasses virtually all elements of the Plan.  As they evolve, other collaborative ATM R&D activities will be pursued further to harmonize future international ATM operations.

3.2.2
Other Research Linkages

The IAIPT is working to extend participation in the ATM R&D program to other public and private research institutions that are performing pertinent research or have expertise in related areas.  Many facilitating mechanisms already exist, including NEXTOR, the FAA’s Center of Excellence (COE) for Operations Research, and other relationships with academic institutions and research contractors.  Additional linkages will be explored as future centers of research expertise are identified.

3.3
ATM R&D Transition
A critical aspect of conducting a responsive ATM R&D improvement program is the ability to transition new capabilities out of the research arena into the operational environment.  The ATM R&D program described here reflects the life-cycle realities shown in Figure 3-4.  The IAIPT plans and manages the concept exploration and concept development phases of the life cycle, but responsibilities for prototype development and validation, full-scale development, deployment and operations transfer from the IAIPT to the FAA’s appropriate domain IPT as the research effort matures.  Specific transition criteria and supporting analytical requirements are used to quantify ATM R&D factors such as operational benefits, costs, and extensibility so that knowledgeable investment decisions can be made as R&D products mature.  These criteria and requirements are briefly described in the following sections.

Note:  A clear transition point from the IAIPT to domain IPTs may not always be identifiable for all R&D projects.   Similarly, some R&D products may transition directly to a full-scale development effort.  Examples include products that mature sufficiently during the concept exploration and concept development phases and those that can readily be implemented in the NAS infrastructure.  This model also may not be appropriate for R&D projects that yield non-material solutions rather than products, or those that follow an unusually indirect path to an outcome.  If appropriate and supported by investment analysis, deviation from the methodology shown in Figure 3-4 may be agreed upon by the IAIPT and domain IPT.
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Figure 3-4  ATM Transition Phases of Development

3.3.1
Concept Exploration
During this phase, promising concepts are examined for their feasibility and potential to enhance NAS operations.  Alternative concepts may be under simultaneous evaluation, and preliminary research results may eliminate some of them.  Concepts evolve rapidly and there is often minimal investment in the documentation or “hardening” of systems.  Criteria for advancing a proposed decision support tool from the concept exploration phase may include:

a) A strawman operational concept has been developed to describe how operational personnel will use the DST to produce a desirable beneficial service for airspace users.

b) Technical and operational issues have been identified.

c) The nature and extent of the expected benefits have been identified.

d) Supporting methodologies for addressing safety, human factors, procedures, and, performance have been defined and developed.

In general, the IAIPT approves the transition of a DST from concept exploration to concept development.

3.3.2
Concept Development 
During this phase, a specific concept is refined and carried forward so its potential may be evaluated more fully, key design problems may be solved, major acquisition risks may be addressed, and expected benefits may be further quantified.  Major questions involving integration and compatibility are evaluated.  The concept development phase for a specific DST is deemed complete when the following objectives are realized:

a) The operational concept has been approved by the appropriate operational organization;

b) All major technical and operational issues have been resolved, thereby minimizing risk; and,

c) The benefit mechanisms have been validated and the benefits of implementation estimated.  (Costs for continued development and implementation have also been estimated.)

The implementing FAA IPT becomes involved in the concept development phase to help define the target architecture and develop the target environment.  This involvement also helps to quantify potential costs of further development and implementation.  For a given concept to proceed to the prototype-development phase, the IAIPT and the implementing FAA IPT must concur that sufficient potential benefits exist to merit the additional expenditures for prototype development. The concept development phase may include operational evaluation of units that were developed under rapid prototyping, but these systems will, in general, be used only to demonstrate and evaluate a concept for a limited duration and will not be specifically developed to be operationally supportable on an ongoing basis.

3.3.3
Pre-Production Prototype Development 
During this phase, a functional full-featured prototype version of the proposed product is developed to identify and evaluate design features, to ensure that development risks have been identified and resolved, and to ensure that significant integration and compatibility issues are fully addressed.  A complete cost/benefit analysis is conducted and validated.  The successful completion of this phase ensures that a specification has been developed for the implementable items and that full-scale development can be initiated with minimal risk.  A project will proceed from this phase to full-scale development when such a course is justified and approved through the FAA's capital investment and system acquisition process.

The implementing FAA IPT is responsible for this phase, which may include continued coordination with the IAIPT and specific R&D resources.  On-going R&D within the IAIPT may continue to enhance prototype capabilities.  Pre-production prototype units may be allowed to remain in operation for several years beyond the "prototype work complete" point in order to provide continued limited benefits prior to deployment of the production units.  The supportable nature and maturity of the prototypes developed in this phase permit extensions beyond the normal cutoff point with minimal risk.
3.3.4
Full-Scale Development
During this phase, a version of the product is developed that meets all the quantity production requirements as well as those specifying long-term operational use.  A project proceeds to deployment when such a course is economically and technically justified and approved through the FAA's capital investment and system acquisition process.

3.3.5
Deployment
During this phase, products are acquired in needed quantities (along with all required maintenance, training, and support items) and are implemented at specified sites.

3.3.6
Transition Continuity
Continuity from the research phases to product development and deployment is ensured by including key technical and program management representatives from the appropriate FAA IPT in the IAIPT.  Figure 3-5 further depicts how research activities mature within the IAIPT and transition to the appropriate domain IPT.
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Figure 3-5  ATM R&D Transition to Other FAA IPTs
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4.
Performance-Based Assessment of Activities 

One objective of the Interagency ATM Integrated Product Team (IAIPT) is to ensure that the set of R&D activities being undertaken are well-formulated to help achieve stated national goals for the evolution of the National Airspace System (NAS).  This section analyzes the R&D portfolio for relevance to key documents defining the performance-based outcomes driving the NAS.  Products are mapped against features that are desired in the future NAS.

Achieving the vision described in Section 2 of this Plan, which establishes the FAA mission goals and focus areas, requires the incremental implementation of technologies and procedures.  Two other documents, A Concept of Operations for the National Airspace System in 2005, dated September 30, 1997, and the RTCA Government/Industry Operational Concept for the Evolution of Free Flight, dated August, 1997, further define the overall vision for the needed future capabilities. These documents identify many new operational capabilities, based on operational “outcomes” or results desired by system users.  These outcomes are identified and defined in this section.

The remainder of Section 4 describes: 1) the principal operational outcomes desired for the NAS, 2) the key characteristics of the 2005 and Mature Free Flight NAS,
 3) the needs and principal outcomes associated with each key characteristic, and 4) how joint research projects of the IAIPT correlate with NAS outcomes.

4.1
Performance-Based Assessment and Needs in Context
The fundamental measure of performance for the work described in this Plan is the extent to which user needs are met by the products developed and fielded.  In order to ensure a focus on performance measurement, the IAIPT has adopted the structure of the Government Performance and Results Act of 1993 (GPRA) as a logical framework for evaluating the research for which it has responsibility.  This construct clearly ties the expenditure of resources in a set of research activities to specific desired outcomes, and brings clarity to how those outcomes may be achieved.  The intention is to show clearly how the IAIPT activities are contributing to the GPRA outcomes being pursued by the FAA and NASA, and to make sure that the integrated efforts are providing the most effective help possible in achieving the GPRA performance goals established by both agencies.  The performance goals employed in this document do not replace or alter any of the GPRA formulations developed elsewhere as part of ongoing FAA and NASA activities.  The remainder of this Plan, specifically Section 4, uses terms such as outcomes, outputs, needs and key characteristics.  These terms are used within the context of a research program delivering products to enable new system capabilities that meet user needs for operational improvements, as shown in Figure 4-1.

The main terms used in this context are defined as follows:

· Customers - Affected members of the external user community.

· User Needs - Specific capabilities needed to support user operations.

· Outcomes - Results and/or consequences achieved in terms of services provided to the customers and values to the American public.

· Outputs - Products and services, delivered to the customer, that enable outcomes.

· Key Characteristics - major attributes exhibited by the NAS or  particular operational capability.

· Need - A requirement for a specific product or operational capability needed to enable the desired key characteristic, that may further require a research program to resolve open issues, design system elements, or develop new capabilities or procedures.

· Performance Goals - Target levels of performance expressed as tangible, measurable objectives.

· Performance Indicators - Quantitative measures of the operational effectiveness of outcomes or outputs that can be used to determine the extent to which performance goals are met.
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Figure 4-1  Relationship Between ATM Needs, Research, and Outcomes

4.2
Principal ATM Performance Outcomes
The ATM performance structure employed by the IAIPT is intended to link the products of the research clearly to outcomes that are meaningful to system users.  In order to clarify the relationship between research products and outcomes, the IAIPT defined outcomes at three linked levels as shown in Figure 4-2.  At its highest level (Level 1) , the three strategic outcomes are taken directly from the 1998 FAA Strategic Plan.  They are safety, security, and system efficiency.  These strategic outcomes are supported at Level 2 by the following six principal performance-based outcomes for ATM:
 
· Safety - Reduce the risk or injury caused by aviation accidents.

· Predictability - Provide users with timely and appropriate information to allow better planning and use of resources.  Reduce the degree of unpredictability on transit times, delays, etc.

· Flexibility - Increase the degree of system flexibility by providing greater freedom to users to select their preferred routes and departure times.  Expand user participation in system decision-making strategies.

· User Access - Provide aircraft operators with expanded access to airports, airspace, and ATM services.

· Delay Reduction - Reduce non-recurrent delays to aircraft.

· Efficient Service Delivery - Provide more efficient FAA Service Delivery and better R&D planning.

These Level 2 outcomes are further broken down into Level 3 outcomes that refer to more specific NAS objectives, as shown in Figure 4-2.  The major products of each research project can then be inserted at Level 4 and linked into these Level 3 outcomes.  The linkage is described in Section 4.4, and completes the correlation between research activities and intended outcomes.

Complete information on each element (outcome and products) in the ATM performance formulation is provided in a database that is contained in Appendix D.  This database is the basis of the resource allocation analyses presented in Volume 3, Section 7.
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Figure 4-2  Outcomes Comprising the Top Three Levels of the ATM Performance Formulation

4.3
Key Characteristics and Needs
Although new technologies and/or procedures will embody the 2005 NAS and future system, each evolution of the NAS will exhibit certain key characteristics and various needs which must be met for the system to be acceptable for transitional use.  For example, A Concept of Operations for the National Airspace System in 2005 identifies the key characteristic of collaborative decision making.  To provide this capability requires: 1) ATM/AOC Collaboration, 2) decision support systems to improve monitoring/performance measurement, and 3) sharing of NAS infrastructure information affecting arrivals and departures.  These items are needs that relate to the collaborative decision making characteristic.

FAA and the aviation community’s analyses indicate that the year 2005 time frame is when improvements must be made in the delivery of NAS services.
  Certain new capabilities will be added earlier, such as the products associated with Free Flight Phase 1.  NAS evolution will continue in the post-2005 time frame and some long-term R&D targeted for this time period must be included in this Integrated Plan.

4.3.1
NAS 2005
The following paragraphs identify key characteristics
 stated in A Concept of Operations for the National Airspace System in 2005, dated September, 30, 1997.  Shaded boxes contain needs identified in the 2005 document that are correlated with relevant key characteristics in each domain, and related to Level 2 ATM outcomes.  The identified needs were considered in formulating this integrated research program.

· Phased Technology Implementation.  The evolution of the operational environment is based on incremental implementations of new technologies.  This approach maintains safety as the first priority, while also increasing capacity, efficiency, and flexibility in a balance with environmental considerations.  The Air Traffic Systems (ATS) organization regards community involvement as an essential element in the development of procedures and the establishment of facilities.

Needs:  

Incremental implementation of technology

Related Outcomes:


All

· Redistributed Roles and Responsibilities.  Separation assurance remains the responsibility of the service provider.  However, that responsibility is shifted to the flight deck for specific operations.

Needs:  

Avionics to improve pilot situational awareness

Improved information exchange (ATM/Aircraft)

Related Outcomes:


Flexibility

· Human Factors Considerations.  The evolution of the NAS utilizes a clear transition strategy for each operational capability, and employs a human-centered approach for implementing new operational concepts and supporting technologies.  This approach ensures that the human capabilities and limitations of users and service providers remain a primary consideration in systems development.

Needs:  

Technology to improve the efficiency of human performance

Related Outcomes:


Efficient Delivery of FAA Services, Safety

· Information Distribution.  A NAS-wide information system distributes timely information consistently across the NAS, for both users and service provider planning.  This information system serves as an avenue for a greater exchange of electronic data and information between users and service providers.  The system contains the following types of information:

· Static data such as maps, charts, airport facility guides, and published Notices to Airmen (NOTAMs);

· Dynamic information such as current and forecast weather, radar summaries, hazardous condition warnings, information on updated airport and airspace capacity constraints, special use airspace (SUA) schedules;

· Flight information on each flight including the filed flight profile and all amendments, first movement of the aircraft, wheels-up, position data in flight, touchdown time, gate or parking assignment, and engine shutdown; and,

· Schedule information that is updated throughout the day to reflect changes in carrier operations.

Needs:

Automatic Exchange of Gate and Runway Preference

Automatic Exchange of Aircraft Intent

Updates of Airspace/Route Structures and Aircraft Trajectories

Accurate and Frequent Aircraft Position Updates

Rapid Delivery of Clearances

Seamless Coordination Within/Between Facilities

Standard Flight Data Formats

Related Outcomes:


All

· Airspace Boundary Adjustments.  To accommodate increased traffic, the system will permit the removal of geographic airspace constraints.  This, as well as tools and procedures to frequently evaluate (up to several times a day) the airspace structure and anticipated traffic flows, will allow system managers to adjust airspace boundaries accordingly.  A seamless communication infrastructure where automation systems can support a dynamic airspace structure will permit the reassignment of airspace within and between facilities.  This capability will allow the system to effectively manage operations during equipment outages and during times of increased congestion.

Needs:  

Tools and Procedures to Support Airspace Structure Flexibility

Related Outcomes:


Flexibility, Delay Reduction

· Seamless Communications.  Automation systems support the dynamic airspace structure with seamless inter- and intra-facility communications and coordination.

Needs:  

Seamless Coordination and Communications

Related Outcomes:


Predictability

· Airspace Flexibility.  Seamless communications and coordination, coupled with the NAS-wide information system, allow for the dynamic reassignment of airspace between facilities to meet contingencies such as equipment outages.

Needs:  

Collaboratively Managed Dynamic Airspace

Related Outcomes:


Flexibility

· Collaborative Decision-Making.  The system allows increased collaboration between users and service providers for resolving strategic problems.  For situations such as demand-capacity imbalances or severe weather, this capability supports collaboration in determining when, where, and how to transition to temporary route structures to meet a short-term problem.

Needs:  

Increased ATM/AOC Collaboration

Decision Support Systems to Improve Monitoring/Performance 
Measurement

Sharing of NAS Infrastructure Information Affecting Arrivals and 
Departures

Related Outcomes:


Flexibility, Predictability, Delay Reduction

· Fault-Tolerant Systems.  The NAS is a fault-tolerant system, designed through safety and risk analysis to identify areas requiring higher reliability and backup.  Since it is recognized that systems will fail, the NAS designs a balance between reliability, redundancy, and procedural backups.  Thus, the design provides a system that is not only available, but one that also requires minimal time to restore failed functionalities.
Needs:  

Reliable and Highly Available Systems

Related Outcomes:


Efficient Delivery of FAA Services, Safety

· Automation Aids.  Automation aids enable the elimination of paper flight strips throughout the NAS.  Aircraft progress is tracked electronically with all critical functions provided for in the backup systems.  There is also an increased usage of decision support systems that provide both information and heuristics to support the providers in their tasks.  These tools reduce the burden of routine tasks, while increasing the providers’ ability to evaluate traffic situations and plan appropriate responses.  This increases productivity and provides greater flexibility to user operations, that is especially important, given the potential for reduced vertical separation minima and increased traffic density.

Needs:  

Decision Support Systems to Plan/Assign Taxi Sequences and Runways

Surface and Arrival/Departure Automation Systems Integration

ATM Conflict Detection/Resolution

Real-time Updating of Trajectory Predictions

Related Outcomes:


Flexibility, Safety, Delay Reduction

· Timely Implementation of Procedures.  Just-in-time operating procedures for the service providers and users accommodate the transition to, and operations in, 2005.  Procedural changes are developed, evaluated, and instituted to meet technology as it arrives, rather than by deployment.

Needs:  

Planned Implementation of Procedures

Related Outcomes:


All

· Infrastructure Management.  There are improved methods for collecting and processing of NAS infrastructure data.  These data, available as an integral part of the NAS-wide information system, are used to prioritize and schedule NAS infrastructure activities.  Users and service providers collaborate in prioritization and scheduling, utilizing decision support tools that provide information regarding the coverage and status of NAS infrastructure components.

Needs:  

Decision Support Systems to Improve NAS Monitoring

Related Outcomes:


Efficient Delivery of FAA Services, Flexibility, Safety

· Enhanced Weather Information.  Increasingly accurate weather data sets are distributed simultaneously to the service provider, flight deck, and user operations center.  These data include hazardous weather alerts for wind shear, microbursts, gust fronts, etc.  As weather tools are improved and integrated into decision support systems, the ability to provide separation from convective weather is investigated.
Needs:

Automatic Broadcast of Weather Alerts

Accurate Weather Presentations for Service Providers

Related Outcomes:


Flexibility, User Access, Predictability, Safety

· NAS Performance Measurement.  There are improved methods and tools to measure NAS performance and identify user requirements, including the daily archiving of the NAS-wide information system.  These improvements are geared toward providing the information in a meaningful and readily-accessible form.

Needs:  

Decision Support System to Improve Performance Measurement

Related Outcomes:


Efficient Delivery of FAA Services, Predictability 

· Operational Supervision.*  The operational supervisors are key players in providing the flying public and aviation community the services they expect and deserve.  They provide the primary management presence in the operational area, enabling people and highly technical systems to collaborate in achieving desired outcomes and results.

Needs:  

Highly Qualified and Trained Workforce

Related Outcomes:


All 

* This key characteristic has no ATM research directly identified, but may be indirectly supported by research elements within the Plan.
· Facility Management.*  Managers are provided with appropriate decision support systems to manage budgets, staff, and costs.  These decision support systems provide information to resolve short-term problems, such as staffing imbalances, and more strategic management of personnel and resources.

Needs:  

Administrative Decision Support Systems

Related Outcomes:


Efficient Delivery of FAA Services

* This key characteristic has no ATM research directly identified, but may be indirectly supported by research elements within the Plan.
· Route Structures.  Static route structures exist only in places of continuous high density or to provide for avoidance terrain and active Special Use Airspace.

Needs:  

User-preferred Trajectories

Expanded Route Structures using RNAV/FMS Capabilities

Optimum Descent Profiles

Continued Updates of Aircraft Trajectories

Related Outcomes:


Flexibility, Predictability, Delay Reduction, User Access 

· Reduced Separation Standards.  Oceanic and en route separation standards are matched to the accuracy of position information.

Needs:  

Improved Aircraft Navigation and Altimetry Systems

Accurate and Frequent Aircraft Position Updates

Real Time Updating of Trajectory Information

Tools for Balancing Workload to Meet Demand

Rapid Delivery of Clearances

Related Outcomes:

Flexibility, Predictability, Delay Reduction, User Access

4.3.2
Mature Free Flight

Mature Free Flight, by definition, will involve more advanced concepts such as Situational Awareness and Intent Based Separation, and capabilities such as:  1) Global Positioning System (GPS) navigation that will improve the ability of a pilot to determine an aircraft’s position, 2) automatic dependent surveillance systems that will utilize GPS information to enhance airborne and ground situational awareness, and 3) common en route and oceanic separation methods that will be based on intent data rather than historical position data.  The Mature Free Flight NAS will eventually require further definition.  As stated in A Concept of Operations for the National Airspace System in 2005, the mature NAS will afford system users greater flexibility and freedom.  Many of the NAS 2005 characteristics will evolve into Mature Free Flight characteristics, and corresponding research projects apply to both.  Nevertheless, there are additional mature NAS characteristics:

· Situation Awareness.  Global Positioning System (GPS) navigation will improve the ability of a pilot to determine an aircraft’s position.  Automatic dependent surveillance systems will utilize this information and broadcast accurate aircraft position information to enhance airborne and ground situation awareness.  This is especially significant for allowing positive control in non-radar environments.

Needs:  

GPS Navigation Systems

Automatic Dependence Surveillance Systems

Related Outcomes:


Predictability, Safety 

· Intent Based (procedural) Separation.  Oceanic and en route separation methods are made common and based on intent data rather than historical position data.

Needs:

Integrated A/G Communications and Conflict Resolution

Real Time Updating of Position and Intent Data

Methods for Mixed Strategic and Tactical Separation

Rapid Delivery of Clearances

Seamless Coordination Within/Between Facilities

Standard Data Formats

Related Outcomes:

Flexibility, Predictability, Delay Reduction, User Access

4.4
Correlation of Level 3 ATM Outcomes to JRPD Products

Each IAIPT joint research project description (JRPD) comprises a closely-related set of R&D programs that benefit from effective strategic management.  (Refer to Section 1.4)  The work described in each JRPD ultimately yields one or more products that satisfy specific user needs within the NAS 2005 and/or Mature Free Flight time frames.  These products, occupying the lowest level (Level 4) in the ATM GPRA hierarchy, are directly linked to the specific NAS outcomes (Level 3) to which they contribute.  As a result, products are indirectly linked to the strategic outcomes above that (Level 2).  A given JRPD product may contribute to multiple system and strategic outcomes, as defined by the primary and secondary linkages that are detailed in Appendix D.

The following tables highlight the traceability between NAS 2005 and Mature Free Flight user needs and ATM R&D products.  Table 4.1 begins this trace by summarizing the Section 4.3 information on key characteristics and needs, tracing the sixteen (16) key characteristics from A Concept of Operations for the National Airspace System in 2005 and the two (2) extended key characteristics for mature Free Flight, to the six (6) ATM Strategic Outcomes of Section 4.2.  Table 4.2 completes the trace, showing the relationship between ATM Strategic Outcomes, NAS Outcomes, and JRPDs.

Insert Table 4.1 – Linkage of NAS 2005 Key Characteristics to ATM Strategic Outcomes

(Will be updated once JRPDs have been updated.)

Insert Table 4.2 – Linkage of ATM Strategic Outcomes to Interagency JRPDs

(Will be updated once JRPDs have been updated.)
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6.
Acronyms and Abbreviations



AATT
Advanced Air Transportation Technologies Project

A/C
Aircraft

ACE
Aviation Capacity Enhancement

ADS
Automatic Dependent Surveillance

ADS-B
Automatic Dependent Surveillance - Broadcast

AERA
Automated En Route Air Traffic Control

aFAST
Active Final Approach Spacing Tool

AFSS
Automated Flight Service Station

A/G
Air/Ground

AMASS
Airport Movement Area Safety System

AOC
Airline Operation Center

ARC
Ames Research Center (NASA)

ARTCC
Air Route Traffic Control Center

ARTS
Automated Radar Terminal System

ASD
Aircraft Situational Display

ASDE
Airport Surface Detection Equipment

ASDI
Aircraft Situational Display to Industry

AST
Advanced Subsonic Technology

ATC
Air Traffic Control

ATCSCC
Air Traffic Control System Command Center

ATCT
Airport Traffic Control Tower

ATIDS
Airport Traffic Information Display System

ATIS
Automatic Terminal Information Service

ATM
Air Traffic Management

ATS
Air Traffic Services

AVOSS
Aircraft Vortex-Spacing System

AWT
Area Work Team




CAA
Civil Aviation Authority

CAASD
Center for Advanced Aviation System Development

CAP
Collaborative Arrival Planner

CBA
Cost-Benefit Analysis

CBD
Commerce Business Daily

CCLD
Core Capability Limited Deployment

CD
Concept Development

CDM
Collaborative Decision Making

CDS
Collaborative Departure Scheduling

CDST
Collaborative Departure Scheduling Tool

CDTI
Cockpit Display of Traffic Information

CE
Concept Exploration

CHI
Computer-Human Interface

CNS
Communications, Navigation, and Surveillance

COE
Center of Excellence

CONOPS
Concept of Operations

COTS
Commercial Off-The-Shelf

CP
Conflict Probe

CPDLC
Controller-Pilot Datalink Communications

CRCT
Collaborative Routing Coordination Tools

CSC
Computer Sciences Corporation

CTAS
Center TRACON Automation System

CY
Calendar Year




DA
Descent Advisor

DARP
Dynamic Aircraft Route Planning

DDTC
Digital Delivery of Taxi Clearances

DFW
Dallas-Ft. Worth Airport

DoD
Department of Defense

DOT
Department of Transportation

DROM
Dynamic Runway Occupancy Management

DSB
Dynamic Sector Boundary

DSEDM
Departure Sequencing Engineering Development Model

DSR
Display System Replacement

DSS
Decision Support System

DST
Decision Support Tool




ECC
Eurocontrol Experimental Center

E/DA
En Route Descent Advisor

EDP
Expedite Departure Path

ELT
Emergency Locator Transmitter

ERATMDST
En Route Air Traffic Management Decision Support Tool

ESC
Executive Steering Committee (NASA)

ETMS
Enhanced Traffic Management System




F&E
Facilities and Equipment

FAA
Federal Aviation Administration

FANG
Flight Management System-Air Traffic Management Next Generation

FANS
Future Air Navigation System

FAST
Final Approach Spacing Tool

FFP1
Free Flight Phase 1

FFRDC
Federally-Funded Research and Development Center

FFSC
Free Flight Steering Committee

FIR
Flight Information Region

FIS
Flight Information Service

FMS
Flight Management System

4-D
Four-Dimensional

FSD
Full-Scale Development

FY
Fiscal Year




GA
General Aviation

GDPE
Ground Delay Program Enhancements

GNSS
Global Navigation Satellite System

GPRA
Government Performance and Results Act of 1993

GPS
Global Positioning System




HARS/R
High-Altitude Route System Replacement

HCI
Human-Computer Interface

HF
High Frequency

HMI
Human-Machine Interface




IAIMT
Interagency (FAA/NASA) ATM Integrated Management Team

IAIPT
Interagency (FAA/NASA) ATM Integrated Product Team

ICAO
International Civil Aviation Organization

ICD
Interface Control Document

ID
Identification

IFR
Instrument Flight Rules

I2F
Integration and Interoperability Facility

IMC
Instrument Meteorological Condition

IOC
Initial Operational Capability

IPLT
Integrated Product Leadership Team

IPT
Integrated Product Team

IRD
Interface Requirement Document

ITWS
Integrated Terminal Weather System




JAD
Joint Applications Designs

JRC
Joint Resources Council 

JRPD
Joint Research Project Description




LAAS
Local Area Augmentation System

LaRC
Langley Research Center (NASA)

LVLASO
Low Visibility Landing and Surface Operations




MAMS
Military Use Airspace Management System

MDCRS
Meteorological Data Collection and Reporting System

MITLL
MIT Lincoln Laboratory

MoA
Memorandum of Agreement

MOPS
Minimum Operational Performance Standard

MoU
Memorandum of Understanding




NARIM
National Research Investment Model

NAS
National Airspace System

NASA
National Aeronautics and Space Administration

NCAR
National Center for Atmospheric Research

NEXCOM
Next Generation Air-to-Ground Communication System

NEXTOR
National Center of Excellence in ATM and Operations Research 

nmi
Nautical Mile

NOAA
National Oceanic and Atmospheric Administration

NOTAM
Notice to Airmen

NPR
National Performance Review

NRP
National Route Program

NTSB
National Transportation Safety Board




ODID
Operational Display and Input Development

OT&E
Operational Test and Evaluation

O&M
Operations and Maintenance




PD
Prototype Development

pFAST
Passive Final Approach Spacing Tool

POET
Post Operational Evaluation Tool

PRM
Precision Runway Monitor




R&D
Research and Development

R,E&D
Research, Engineering and Development

RNAV
Area Navigation

ROM
Rough Order of Magnitude

RSO
Regional Sector Office

R&T
Research and Technology

RTCA
RTCA, Inc. (formerly Radio Technical Commission for Aeronautics)

RVSM
Reduced Vertical Separation Minimum




SAMS
Special Use Airspace Management System

SAR
Search and Rescue

SDTF
Surface Development and Test Facility

SMA
Surface Movement Advisor

SMS
Surface Management System

STARS
Standard Terminal Automation Replacement System

SUA
Special Use Airspace

SY
Staff Year




TAC
Technical Assistance Contractor

TAP
Terminal Area Productivity Project

TCA
Two Controller Access

TCAS
Traffic Alert and Collision Avoidance System

TDLS
Tower Data Link Services

TFM
Traffic Flow Management

3-D
Three-Dimensional

TMA
Traffic Management Advisor

TMU
Traffic Management Unit

TNCP
Test NAS Change Proposal

TRACON
Terminal Radar Approach Control

TWIP
Terminal Weather Information for Pilots




UPT
User-Preferred Trajectories

URET
User Request Evaluation Tool

UPR
User-preferred Routing

U.S.
United States




VDL
Very-High Frequency Digital Link

VFR
Visual Flight Rules

VMC
Visual Meteorological Condition

VNTSC
Volpe National Transportation Systems Center




WAAS
Wide Area Augmentation System

WATRS
Western Atlantic Track Route System

WJHTC
William J. Hughes Technical Center (formerly FAA Technical Center)

WV
Wake Vortex
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Appendix A

Text of the Memorandum of Understanding (MoU) Between

the FAA and NASA 
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MEMORANDUM OF UNDERSTANDING (MoU)

BETWEEN THE

FEDERAL AVIATION ADMINISTRATION (FAA)

AND THE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)

ON

AIRSPACE SYSTEM USER OPERATIONAL FLEXIBILITY AND PRODUCTIVITY
I.  BACKGROUND  

Traditionally, the FAA and NASA have worked closely together in a number of areas to enhance the operating safety, efficiency and environmental compatibility of the air transportation system.  Each area has a separate MoU stating the rationale and objectives of the activities to be undertaken.  This MoU describes NASA/FAA cooperative activities to enhance aircraft user operational flexibility and productivity across the airspace. 

II.  RATIONALE

The explosive growth in air travel following the Airline Deregulation Act of l978 has placed heavy demands on the National Airspace System (NAS).  Airspace users have cited insufficient capacity, limited access, and operating restrictions as contributors to excessive operating costs and decreased efficiency for airspace users.  The FAA is collaborating with the aviation industry to develop, validate and implement NAS system improvements that foster more flexible flight operations or what is commonly called “Free Flight.”  Free flight has been defined as:

A safe and efficient flight operating capability under instrument flight rules (IFR) in which the operators have the freedom to select their path and speed in real time.  Air traffic restrictions are only imposed to ensure separation, to preclude exceeding airport capacity, to prevent unauthorized flight through special use airspace, and to ensure safety of flight.   Restrictions are limited in extent and duration to correct the identified problem.  Any activity which removes restrictions represents a move toward Free Flight.

III.  OBJECTIVE 

The objective of this MoU is to establish an understanding between FAA and NASA to achieve, through integrated research and development (R&D) activities, an air transportation system that better facilitates user operational flexibility and productivity throughout the airspace.  In particular, it is envisioned that the FAA's expertise in air traffic management and NASA’s expertise in aeronautics will be combined to carry out the research and development efforts required to achieve an integrated air-ground system that more fully meets the needs of airspace users for safe, efficient and cost effective flight operations.  The initiative will address both near-term and long-term requirements.  The initial emphasis will be on development and validation of system improvements that can be implemented within the next 10 years.

Areas for cooperative or joint activities may include, but will not be limited to, the following: 

A.
Roles of Flight Crews and Air Traffic Controllers


More flexible flight operations potentially involve new roles for flight crews and air traffic controllers. It is essential that proposals for modifying these roles are developed and fully validated based on sound human factors principles and practices.

B.
Integration of ATM Cockpit and Fleet Management


Emerging technology has the potential to permit a much closer integration of ATM, cockpit flight management, and operational control centers established by aircraft operators to facilitate fleet management.  The full development of this opportunity will foster user operational flexibility and productivity. 

C.
Cockpit Situational Awareness


Technology developed for the Traffic Alert and Collision Avoidance System (TCAS) and Automatic Dependent Surveillance-Broadcast (ADS-B) offers significant new opportunities to improve cockpit situational awareness both on the airport surface and throughout the airspace.  These opportunities, and others, should be further developed as means for increasing the participation of flight crews in ATM decision making. 

D.
Conflict Detection and Resolution


A key fundamental capability to enabling user operational flexibility and productivity is the ability to accurately predict future aircraft conflicts and to resolve these conflicts in an efficient and safe manner.  Automation technologies and pilot/controller roles for such capabilities must be developed and validated.

E.
Flight Restrictions


It is essential that flight restrictions are minimized so as to maximize aircraft operational productivity.  However, it is recognized that in regions of high dynamic density restrictions may be necessary.  The transitions between flexible and restricted flight operations must be based upon clear, simple responsibilities and procedures to ensure safety.  Concepts, technologies, responsibilities and procedures must be developed and validated to ensure meeting these objectives.

F.
Safety Analysis


It is essential to ensure that no step in the transition to more flexible flight operations derogates safety.  This will require extensive analyses and simulations of safety hazards, a better understanding of safety hazards in today's air transportation system, and development of tools for the proactive detection of potentially hazardous situations.

G.
All Vehicle Classes


Flight operations must accommodate all users, including, but not limited to, transport, general aviation, rotorcraft, and military aircraft.  It is essential that the system accommodates each of these aircraft classes while also assuring that avionics requirements are cost effective and affordable.

H.
Cost-Benefit Assessments


Each step in the transition to more flexible flight operations must be substantiated by reliable cost-benefit estimates.  These projections must include foreseen impacts on both airspace users and ATM service providers.

IV.  AUTHORITY 

A.
NASA


This MoU is entered into on behalf of NASA under authority of the National Aeronautics and Space Act of 1958, as amended, 42 U.S.C 2473(c)(5) and (c)(6).

B.
DOT/FAA


This MoU is entered into on behalf of FAA under the authority of the Federal Aviation Act of 1958, as amended, 49 U.S.C. Section 40101, et seq. 

V.  SCOPE OF ACTIVITIES AND MANAGEMENT

A.
The scope of this initiative includes all FAA Research, Engineering, and Development activities related to traffic-flow management, and related advanced ATM functionality and all NASA activities related to ATM technology, including the Advanced Air Transportation Technology (AATT) program and relevant initiatives within NASA's base and Terminal Area Productivity programs.

B.
Policy direction shall be provided, after joint conference, by the Associate Administrator for Research and Acquisitions of the F AA and the Associate Administrator for Aeronautics of NASA, or their appointees.

C.
This initiative shall be managed by an FAA/NASA integrated product team (IPT).  The leader of this interagency IPT shall be the FAA Traffic Flow Management IPT leader NASA shall designate a deputy team leader to the FAA/NASA interagency IPT and shall participate as a full partner with FAA to ensure that both near- and long-term research perspectives are maintained.  The interagency IPT is responsible for all aspects of the initiative, including R&D requirements definition, program planning, oversight, and communications with the user community.

D.
Responsibility for detailed planning, control and execution of specific elements of  the initiative will be delegated by the interagency IPT to project managers in FAA and NASA.

E.
Memoranda of Agreement (MoA’s), including formal procurement documentation, will be required when funds or other resources are to be transferred between FAA and NASA.  These MoA’s will be developed by the project managers involved and approved by the FAA/NASA interagency IPT.  Each MoA will describe the task assignment, including objectives, plan, schedule, products, foreseen benefits and funding over the period of performance.

F.
The Director of the Office of Aviation Research of the FAA and the Director for Subsonic Transportation of NASA are responsible for tracking and management of all FAA/NASA MoA’s and will be included in the approval process for all MoA’s developed under this MoU.

G.
This initiative shall be monitored and guided by a committee comprised of users, industry representatives, and technical and operational experts drawn from existing FAA and NASA advisory committees.

VI.  PRODUCTS AND REPORTS
Critical program objectives, plans, schedules, products and reports will be developed by the FAA/NASA interagency IPT.

VII.  FUNDING

The intent of the FAA and NASA is to share in the funding of any cooperative/joint program, consistent with the authority and the approved operating plan of each agency.  Each MoA will identify the task assignment and incremental funding over the period of performance.  All activities under or pursuant to this MoU are subject to the availability of appropriated funds and no provision herein shall be interpreted to require obligation or payment of funds in violation of the Anti-Deficiency Act, 31 U.S.C. Section 1341.

VIII.  MODIFICATION

This MoU may be modified upon the mutual consent of both parties.

IX.  PERIOD OF PERFORMANCE

This MoU shall be effective when signed by both parties and shall remain in effect unless terminated upon written request of either party.  All subsequent MoA’s shall incorporate appropriate periods of performance.

X.  EFFECTIVE DATE 

This MoU will take effect upon the date of the last signature appearing below.



David Hinson




      Daniel Goldin


                THE ADMINISTRATOR



THE ADMINISTRATOR



Sep 11 1995




         Sep 11 1995




                DATE




             DATE

Appendix B

FAA/NASA Memorandum of Understanding

Convergence Matrix 
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Appendix C

NASA Aviation System Throughput Roadmap

and FAA NAS Architecture 4.0 Tie-In
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Appendix D

ATM Performance Outcomes and Outputs for ATM Research

and Technology Development 

The ATM performance formulation exists in the form of a database in which each record corresponds to a different outcome or product.  Table D.1 shows the information that is available in each record of the database.  A complete listing of all outcomes and products (Levels 1 through 4) follows in Figure D.1.

NAME
DESCRIPTION

ID
An identification formed by concatenation of the LEVEL and the NO. items.  For example, LEVEL 3 and No. 4 would have ID = 3.04.

NAME
Short name for the item.

UPLINK1
The item on the next highest level to which the item contributes in the most significant way.

UPLINK2
The item on the next highest level to which the item contributes in the second most significant way.

UPLINK3
The item on the next highest level to which the item contributes in the third most significant way.

TEXT
A short (one paragraph) description of the item.

JRPD
ID(s) of the Joint Project Description(s) within which the work is described.

Table D.1  ATM Performance Database Listing

[[Figure D.1 provides a data base print-out - one record for each outcome and product Levels 1 - 4.]]
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� Aviation Activity Forecasts 1997-2008, published by the FAA Office of Aviation Policy and Plan.


� RTCA Government/Industry Operational Concept for the Evolution to Free Flight, August, 1997.


� A Concept of Operations for the National Airspace System in 2005, September 30, 1997.


� Final Report to President Clinton of the White House Commission on Aviation Safety and Security, Washington, DC, February 12, 1997.


� Capabilities comprise User Request Evaluation Tool (URET), Traffic Management Advisor (TMA), Passive Final Approach Spacing Tool (pFAST), Controller to Pilot Data Link Communications (CPDLC), Collaborative Decision Making (CDM), and Surface Movement Advisor (SMA).


� Final Report of RTCA Task Force 3, Free Flight Implementation, October, 1995.


� Report of the RTCA Board of Directors’ Select Committee on Free Flight, RTCA, Inc., Washington, DC, January 18, 1995.


� NASA Strategic Plan 1998, NASA Policy Directive 1000.1, Washington, DC, November 1997.


� Final Report to President Clinton of the White House Commission on Aviation Safety and Security, Washington, DC, February 12, 1997.


� National Airspace System (NAS) Architecture, Version 4.0, Federal Aviation Administration, Washington, DC, January, 1999.


� Aviation Activity Forecasts 1997-2008, published by the FAA Office of Aviation Policy and Plans.


� RTCA Government/Industry Operational Concept for the Evolution to Free Flight, August, 1997.


� Aeronautics and Space Transportation Technology: Three Pillars for Success, NASA, Washington, DC, 1997.


� A Concept of Operations for the National Airspace System in 2005, September 30, 1997, and the RTCA Government/Industry Operational Concept for the Evolution of Free Flight, August, 1997.


� The Air Traffic Service Performance Plan for Fiscal Years 1997-1999 contains two additional outcomes (Productivity and Create a Model Work Environment) that were not used because they have more of an agency-wide focus rather than an ATM focus.


� A Concept of Operations for the National Airspace System in 2005, September 30, 1997.


� Two new characteristics, Route Structures and Reduced Separation Standards, were added despite their being by-products/benefits, rather than key characteristics, as described in the Con Ops NAS 2005 document.


� Since there is no “Mature Free Flight” document, these characteristics were derived from the RTCA Government/Industry Operational Concept for the Evolution of Free Flight.
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Complete ATC DSS infrastructure sustainment and begin 

“opening” of systems such as Host, STARS, and TFM. 

Collaboration between 

AOCs

and ATCSCC is underway. 

Begin installing new  infrastructure to support more precise 

position reporting and less structured routes.  FFP1 CCLD 

deployed, and procedural changes made to enhance 

operations.
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STARS

New “open” DSS system are installed, and new CNS 

infrastructure is deployed.  Free Flight concepts are being 

implemented as procedural changes are made to take 

advantage of more collaboration with users.

New integrated ATC and TFM DSS tools allow greater 

sharing of 4

-

D flight profiles throughout the NAS, enabling 

greater flexibility and planning with the users.  Capacity is 

increased as more accurate position reports are incorporated 

onto DSS tools.  Installation of CNS completed.
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Achieve 

Limited Free Flight operations.

Continue NAS modernization and begin 

transition to Free Flight.

Continue NAS Modernization and

implement limited Free Flight prototypes.
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GDPE0       0       0       1       2       0       0       3       1       -1      -1      -1      9       21      2000    995     995     12      0       0       0       0       -120    -120    152     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       13      Compl.
Monit.0       0       0       1       2       0       0       3       1       -1      -1      -1      6       5       2001    1252    1252    12      0       0       0       0       -120    -120    242     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       22      Sys. Impact Assessment0       0       0       1       0       0       10      3       1       -1      -1      8       10      17      2009    4308    4308    12      0       0       20      0       -214    -120    120     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       17      NAS Wide Datalink0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       99      0       0       10      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       3       0       1       2       0       1       3       1       -1      -1      -1      6       5       1998    156     156     12      0       0       0       0       -120    -120    166     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       15      ASD Data
AOCNet0       0       0       1       2       0       0       3       1       -1      -1      -1      5       1       1999    851     486     12      0       0       0       0       -120    -120    228     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       18      GDPE Data Exchange0       0       0       1       2       0       0       3       1       -1      -1      -1      12      29      2000    1094    1094    12      0       0       0       0       -120    -120    189     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       14      Enhanced Info.0       0       0       1       2       0       0       3       1       -1      -1      -1      7       18      2002    2025    1660    12      0       0       0       0       -120    -120    246     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       27      Interactive Flight Planning0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       99      0       0       10      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       1       0       1       2       0       1       3       1       -1      -1      -1      4       18      1998    108     108     12      0       0       0       0       -120    -120    218     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       18      Data Xch. for GDPE0       0       0       1       2       0       0       3       1       -1      -1      -1      2       22      2001    1149    1149    12      0       0       0       0       -120    -120    236     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       23      Collaborative Rerouting0       0       0       0       0       0       0       0       0       0       0       7       Surface0       0       0       0       0       0       0       0       0       -1      0       18      0       0       -1      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       6       0       1       2       0       1       3       1       -1      -1      -1      4       4       1997    94      -1      12      0       0       0       0       -120    -120    181     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       10      SDTF - FSD0       0       0       1       2       0       1       3       1       -1      -1      -1      7       6       1998    552     187     12      0       0       0       0       -120    -120    146     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       4       SDTF0       0       0       1       2       0       0       3       1       -1      -1      -1      2       21      2000    782     782     12      0       0       0       0       -120    -120    160     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       6       SMS PD0       0       0       1       2       0       0       3       1       -1      -1      -1      12      1       2000    1066    1066    12      0       0       0       0       -120    -120    168     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       7       CDST CE0       0       0       1       2       0       0       3       1       -1      -1      -1      10      1       2001    1370    1370    12      0       0       0       0       -120    -120    169     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       7       CDST CD0       0       0       1       2       0       0       3       1       -1      -1      -1      8       1       2003    2039    2039    12      0       0       0       0       -120    -120    168     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       7       CDST PD0       0       0       1       0       0       10      3       1       -1      -1      -1      10      24      2009    4315    4315    12      0       0       0       0       -174    -120    120     120     0   0   0       0   0   99  99  -1      -1      0       -1      -1      -1      -1      0       0.00    -1      -1      0       -1      -1      0       -1      -1      0       21      Low & Zero
Visibility0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       99      0       0       10      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       2       0       1       2       0       1       3       1       -1      -1      -1      5       22      1998    142     142     12      0       0       0       0       -120    -120    172     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       8       FFP1 SMA0       0       0       1       0       0       0       3       1       -1      -1      -1      3       22      2000    812     812     12      0       0       0       0       -175    -120    120     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       20      CTAS/SMS
Integration0       0       0       1       2       0       0       3       1       -1      -1      -1      9       1       2001    1340    1340    12      0       0       0       0       -120    -120    205     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       16      Low/Zero Vis. CE0       0       0       0       0       0       0       0       0       0       0       8       Terminal0       0       0       0       0       0       0       0       0       -1      0       18      0       0       10      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       6       0       1       2       0       1       3       1       -1      -1      -1      9       29      1997    223     -1      12      0       0       0       0       -120    -120    251     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       23      FAST Operational at DFW0       0       0       1       2       0       1       3       1       -1      -1      -1      4       18      1998    108     108     12      0       0       0       0       -120    -120    161     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       13      CAP at
DFW AA0       0       0       1       2       0       0       3       1       -1      -1      -1      5       4       1999    489     489     12      0       0       0       0       -120    -120    172     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       8       aFAST CD0       0       0       1       2       0       0       3       1       -1      -1      -1      9       18      2000    992     992     12      0       0       0       0       -120    -120    264     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       48      Dynamic Wake Vortex &
Parallel Runway Spacing CD0       0       0       1       2       0       0       3       1       -1      -1      -1      10      23      2002    1757    1757    12      0       0       0       0       -120    -120    139     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       7       EDP
JRC0       0       0       1       2       0       0       3       1       -1      -1      -1      8       22      2003    2060    2060    12      0       0       0       0       -120    -120    177     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       18      RNAV/FMS
Ops. Val.0       0       0       1       2       0       0       3       1       -1      -1      -1      7       15      2004    2388    2388    12      0       0       0       0       -120    -120    180     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       11      Active FAST0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       18      0       0       -1      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  .25     0       0       5       0       1       2       0       1       3       1       -1      -1      -1      3       17      1998    76      76      12      0       0       0       0       -120    -120    143     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       8       FFP1
TMA0       0       0       1       2       0       1       3       1       -1      -1      -1      9       14      1998    257     257     12      0       0       0       0       -120    -120    157     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       10      EDP
OpsCon0       0       0       1       2       0       0       3       1       -1      -1      -1      6       23      1999    539     539     12      0       0       0       0       -120    -120    183     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       25      Init. Complex
Airspace CD0       0       0       1       2       0       0       3       1       -1      -1      -1      2       9       2002    1501    1501    12      0       0       0       0       -120    -120    151     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       9       aFAST
JRC0       0       0       1       2       0       0       3       1       -1      -1      -1      11      22      2002    1787    1787    12      0       0       0       0       -120    -120    166     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       7       CAP JRC0       0       0       1       2       0       0       3       1       -1      -1      -1      11      30      2004    2526    2526    12      0       0       0       0       -120    -120    204     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       12      RNAV/FMS JRC0       0       0       0       0       0       0       0       0       0       0       8       En Route0       0       0       0       0       0       0       0       0       -1      0       18      0       0       -1      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  .27     0       0       5       0       1       2       0       1       3       1       -1      -1      -1      9       8       1997    251     -1      12      0       0       0       0       -120    -120    277     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       32      Initial Daily use of URET at ZID0       0       0       1       2       0       1       3       1       -1      -1      -1      6       23      1998    174     174     12      0       0       0       0       -120    -120    177     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       21      URET/TMA
Integ. Reqs.0       0       0       1       2       0       0       3       1       -1      -1      -1      12      14      2001    1809    1444    12      0       0       0       0       -120    -120    180     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       11      Metering/CP0       0       0       1       2       0       0       3       1       -1      -1      -1      1       2       2003    2193    1828    12      0       0       0       0       -120    -120    183     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       11      Descents/CP0       0       0       1       2       0       0       3       1       -1      -1      -1      1       24      2004    2580    2215    12      0       0       0       0       -120    -120    272     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       30      Flow Constraint/Conflict Probe0       0       0       1       2       0       0       3       1       -1      -1      -1      7       13      2007    3846    3481    12      0       0       0       0       -120    -120    198     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       31      Enhanced use of
Aircraft Intent0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       18      0       0       -1      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       3       0       1       2       0       1       3       1       -1      -1      -1      5       18      1998    138     138     12      0       0       0       0       -120    -120    142     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       10      E/DA
Eval.0       0       0       1       2       0       0       3       1       -1      -1      -1      12      1       2004    2527    2527    12      0       0       0       0       -120    -120    177     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       22      Contr. Cap./
Traf. A/S0       0       0       1       2       0       0       3       1       -1      -1      -1      12      1       2005    2892    2892    12      0       0       0       0       -120    -120    177     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       25      Contr. Cap./
Probl. Pred.0       0       0       1       2       0       0       3       1       -1      -1      -1      12      1       2006    3257    3257    12      0       0       0       0       -120    -120    177     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       24      Contr. Cap./
Probl. Res.0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       0       -1      0       18      0       0       -1      -1      -1      -1      -1  1   -1  0   -1  1   -1      -1      -1      -1      -1      -1      -1      -1      -1      -1      -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  -1  0.00    0       0       0       0       1       2       0       1       3       1       -1      -1      -1      9       21      1998    264     264     12      0       0       0       0       -120    -120    181     120     0   0   0       0   0   99  99  -1      -1      -1      -1      -1      -1      -1      -1      0.00    -1      -1      0       -1      -1      0       -1      -1      0       14      ERATMDST
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