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1. Document Scope

This plan defines the Traffic Flow Management (TFM) Research and Development (R&D) Program.  The TFM Research and Strategic Planning branch (AUA-740) manages the program within the Traffic Flow and Enterprise Management (TF&EM) Integrated Product Team (IPT), AUA-700. This plan contains:

· Background and organization of the program

· Categories of projects

· The TFM Research Board (TRB) review process and project transition benchmarks

· Project summaries.  

This plan will be updated periodically to reflect status changes of research projects.  Details on projects are contained in the three appendices:

· Appendix I: TFM Research Projects/Task Descriptions and Status (often referred to as project “one pagers”).  

· Appendix II: TFM Capabilities Readiness Matrix. 

· Appendix III: TFM R&D Project Schedule. 

2. TFM R&D Program Structure

TFM is the middle of three functional Air Traffic Management (ATM) scales:  TFM operates within Airspace Management (ASM) definitions of structure and procedures and coordinates Air Traffic Control (ATC).  The Federal Aviation Administration (FAA) provides ATM services within the Flight Information Regions (FIRs) of the United States.  The TFM mission is allocated from the FAA mission goals of Safety, Security and Efficiency.  These goals are met jointly by several IPTs.  This plan documents the process of allocating resources to TFM research and development projects in order to meet the mission goals. 

TFM has been closely associated with Collaborative Decision Making (CDM), defined variously as a set of projects within Free Flight, as a process of stakeholder involvement in building ATM systems, and as a mode of ATM operation.  The Free Flight CDM projects originally focused on negotiated decisions about airspace demand but have been expanded to include Collaborative Routing (CR) projects.  Further expansion of research and development scope has been defined by a TFM vision/evolution activity.  TFM R&D projects are categorized by the program elements that have been defined to realize CDM, CR, and the TFM vision/evolution.   

2.1 TFM R&D Program Elements 

The TFM R&D program is organized by six program elements, described as follows:

2.1.1. Enhanced Data Exchange

Enhanced Data Exchange supports CDM negotiation to improve performance of the National Airspace System (NAS). Enhanced Data Exchange goals include providing all authorized collaborators with access to TFM information in both digital and graphic formats, through a transparent, open communication channel.  

2.1.2. Enhanced Arrival/Departure Management

Enhanced Arrival and Departure Management (formerly known as Ground Delay Program Enhancements) improves the efficiency of the NAS with dynamic TFM initiatives and measurement of their performance. The goal of improving airport throughput is met by: 

· Enhanced decision-support systems (DSSs) 

· Enhanced procedures for resource allocation 

· Improved demand information and associated predictions, including uncertainty 

· Wider dissemination of demand information 

· More robust equity measurement and application 

· Maintenance of current infrastructure 

2.1.3. Congestion Management

Congestion Management supports operations that predict en route congestion problems and that implement resolution strategies with equity among NAS users.  This combines CR and CDM functions for demand management, routing and facility management.  The key operational capabilities envisioned are: 

· Improved Problem Identification: Qualitative and quantitative characterizations of the nature and complexity of developing traffic management problems, including predicted effects of traffic demand on any airspace resource defined by the traffic manager. 

· Problem Resolution Definition: Electronic methods to formulate aircraft reroutes and other traffic management strategies for problem resolution. 

· Impact Assessment: The ability to predict the effects of aircraft reroutes and other traffic management actions before they are initiated.

· Data Sharing and Collaboration: Technology to support collaboration on traffic management strategies among FAA facilities and airspace users. 

2.1.4. Performance Assessment

Performance Assessment quantifies NAS performance metrics (outcomes) from TFM decisions (outputs) to support the continuous learning of how to make better decisions. Capabilities are being improved in: 

· Extracting and analyzing operational data to quantify and understand current system performance.

· Measuring the demand for NAS resources and of the uncertainty in this demand. 

· Providing all necessary data and assuring data quality. 

2.1.5. System Impact Assessment

System Impact Assessment completes the system learning process by allocating NAS performance outcomes to multiple, interacting, ATM decisions. This program element combines with other program elements to:

· Allow collaborators to interact in making decisions.

· Provide information on related decisions that were made.

· Provide the performance assessment information (outcomes) related to the decisions.

· Achieve continuous performance improvement at the system-outcome level through learning how to make coordinated decisions.  

This research will look at combined pair-wise outcomes of: Metering and Reroute initiatives, and Metering and Ground Delay/Ground Stop initiatives as the first steps towards coordination of all TFM decisions. 

2.1.6. TFM Vision/Evolution 

Most of the TFM R&D projects have schedule horizons to 2006 or sooner.   Advanced TFM operational concepts must look farther ahead to exploit new information technologies and fulfill plans of the NAS Architecture. The TFM vision/evolution activity was initiated in late 2002 to meet that challenge of keeping the research and development pipeline filled. The activity identifies advanced research areas applicable to TFM and prioritizes them relative to emerging operational concepts by: 

· Developing an ATM theory as the framework for any research planning.

· Initiating operational concept processes to launch development projects.

· Creating a metrics framework to prioritize projects that are allocated within a system architecture.  

The vision/evolution program element will initiate new TFM R&D projects as well as coordinate existing projects. 

2.2 Support to New FAA Initiatives

The TFM R&D program is within the overall NAS Architecture that allocates services to programs. New FAA initiatives are advancing the NAS Architecture and the TFM R&D program responds within its domain. Important FAA initiatives in three progressive time horizons are:

1. The Operational Evolution Plan (OEP) that uses a ten-year planning horizon and commits to improvements that can be realized in a few years;

2. The Target System Description (TSD) that is planning for the year 2015 as a benchmark on the way to item 3 below.

3. The Next Century of Flight Plan that extend to 2025 and is being developed by the Interdepartmental or Joint Program Office (JPO).

The longer planning horizons have been framed by the RTCA Vision and Concept of Operations.  The TFM R&D program is contributing to the OEP.  The TFM vision/evolution activity has substantially defined the TFM component of the TSD, and has coordinated with the JPO in preparation to detail further advanced TFM components.

3. Project Benchmarks, Management, and Infrastructure

3.1 Project Benchmarks

Significant project transitions are the benchmarks for program management. The TFM R&D program uses four project maturity phases, described below, to measure program progress.    Other agencies (e.g., NASA) use “readiness levels” and these are compared to the maturity phases to enhance the integration of ATM research programs.  The Mitre Research and Development Maturity Assessment Guide, dated July 2001 is used as the guide for assessing project benchmarks and required documentation for each phase and research transition.

3.1.1. The Four-Phase Process

The four phases are defined as follows:

· Concept Exploration (CE) – Needs are initially allocated to capabilities and an initial concept of operations is formulated.  The concept is clarified and the potential to enhance operational performance is explored through analysis, modeling and initial user demonstrations. 

· Concept Development (CD) – This phase refines the operational concept, initiates requirements, develops functional specifications, defines performance criteria and evaluates alternatives.  The target architecture and environment of the system is defined.  Users see concept-development prototypes that rapidly incorporate user evaluations. 

· Prototype Development (PD) – An operational prototype is developed as a test article or beta version of an operational system.    Experience with the prototype ensures that development risks have been identified and resolved, and that integration and capability issues are fully addressed.  During this phase, information to support an investment decision is developed and the prototype may act as the baseline for continued development.  

· Full Scale Development (FSD) – In this phase, a product is developed that meets all system requirements. Documentation to support acquisition reviews derives from refinements of the development documentation. As required, site adaptation, installation, training, operational testing, and procedure finalization activities are conducted to make the product operational.  

These phases represent a “spiral” or “evolutionary development” approach.  Any system realizations are kept flexible, commensurate with the phase of development and risk (uncertain variations in any system attributes).  The process is continuous:  All products, documents and analyses exist in some form at each phase, and they are continually developed throughout the phased approach.  Decisions to abandon a development may occur, and should occur most often at the earliest phases.

3.1.2. Readiness Levels

Readiness Levels have two scales: Technical Readiness Levels  (TRLs) developed for NASA research, and the Implementation Readiness Levels (IRLs) for further development and deployment transitions.  The relation between the readiness levels and the four phases is indicated in the following table (highest readiness at top):

Table 3.1: Comparison of Transition Benchmarks

	Four-Phase
	(TRL
	IRL(
	Four-Phase

	
	9. Operate implementation capability
	

	
	8. Qualify implementation capability
	FSD

	
	7. Develop implementation capability
	

	
	
	6. Define requirements and transfer technology
	PD

	
	
	5. Develop operational plans and procedures
	

	CD
	6.  Pre-development prototype field testing
	(
	4. Conduct functional demonstrations and operational evaluations
	CD

	
	5.  Predevelopment prototype
	
	3.  Define concept of use within target operating environment
	

	
	4. Conceptual prototype testing with users
	
	2. Define target timeframe, infrastructure and operational environment
	CE

	CE
	3.  Conceptual prototype
	(
	1. Describe proposed capability
	

	
	2. Research to prove feasibility
	
	
	

	
	1. Basic technology research
	
	
	


The alignment is not exact because the definitions are not commensurate. The relation of TRL to IRL indicates that completing TRL 1-3 reaches IRL 1, and completing TRL 4-6 reaches IRL 4.   

3.2 TFM R&D Program Management and Collaboration

TFM R&D program management is accountable to AUA-700, administered by AUA-740. However, the approach is collaborative and involves all stakeholders.

3.2.1. TFM Research Board

The TFM Research Board (TRB) has been established by AUA-700 for management oversight of the TFM/CDM research program.  The TRB:

· Identifies, approves, and prioritizes research plans.  

· Approves research phase transitions and capabilities and functionality for incorporation into the Traffic Flow Management Infrastructure (TFM-I).  

Decisions to approve program transitions are made with reference to the four phases but are cross-referenced to the readiness levels.  The TRB currently meets semi-annually for project transition review and approval.  There are also interim Program Management Reviews (PMRs) for the individual research institutions. 

After each TRB meeting, Appendix I-III, the TFM Research Projects/Task Descriptions and Status, the TFM Capabilities Readiness Matrix, and the TFM Project Schedule are updated to reflect changes approved by the TRB. Updated TRB documentation and archives are available at http://ksn-team.faa.gov/AUA-700/AUA-740/TRB/.   Note: User login and passwords to access the site are available from AUA-740.

3.2.2. Transition Documentation

  The following table summarizes the documents typically produced and approved by the TRB for a program transition. 

Table 3.2:  Transition Document Guidelines

	CE to CD Transition
	CD to PD Transition
	PD to FSD Transition

	· Operational concepts/requirements documents

· Initial costs/benefits analysis 

· CE wrap up and CD plan
	· Updated operational concepts/requirements documents

· Initial specifications represented by documentation of prototypes, models or algorithms

· Revised costs/benefits analysis

· CD wrap up and PD plan
	· Updated operational concepts/requirements documents

· Updated functional specifications

· Updated life-cycle costs/benefits analysis (CBA)

· Prototype documents

· Acquisition documents and FSD transition plan


Detailed TRB procedures are contained in the AUA-700 Traffic Flow Management Research Board Procedure document.    

The FAA’s Air Traffic organization determines whether capabilities are operationally suitable and acceptable to warrant the development and installation of prototype systems at field sites.  Upon such a decision, AUA-700 establishes a Facilities and Equipment (F&E) program for system operations and deployment. 
3.2.3. Collaborative Participation

The following organizations participate in the TRB: AUA-740 (chair), AUA-200, AOZ, ARS, ASD, ATP, ATT-220, and CDM Workgroup Representative.  The following support the TRB as Subject Matter Experts (SMEs): ATT-2XX, Metron Aviation, Volpe, MITRE/CAASD, NASA, The National Center for Excellence in Aviation Operations Research (NEXTOR), AUA TAC2, CDM Workgroup Airline Representative, TFM User Team (TUT), and Ad hoc members as designated by the chairman.  

CR/CDM workgroups participate in project development with the research institutions outside of the TRB. The workgroups include Airlines and General Aviation (GA) /Business Aviation (through NBAA). These user organizations support research efforts by participating in Human-in-the-Loop (HITL) testing, procedure development, and training package development for new TFM functionality that is being deployed.

The TUT represents TFM providers from NATCA and TFM management.  The TUT accomplishes the following:

a. Provides technical expertise;

b. Identifies potential impacts to Bargaining Unit Employees; 

c. Participates in the development of training;

d. Identifies future product improvement for any continued deployment activity;

e. Determines the operationally suitable computer-human interface and ensure operational integration;

f. Identifies and resolve human factors issues; 

g. Recommends a strategy for implementation; and

h. Validates operational suitability.

AUA-740 in conjunction with NEXTOR has recommended the creation of a TFM Vision R&D Steering Group. This group would work within the TRB framework as a collaborative workgroup for the TFM vision/evolution.

3.3 TFM R&D Infrastructure

3.3.1. Jupiter Simulation Environment

Project Jupiter is a component of the TFM R&D infrastructure.  Jupiter is a TFM Concept Test and Simulation environment developed to ensure AUA-700 has the capabilities for researching and simulating new TFM concepts that both the FAA and industry can utilize. The Jupiter test environment provides stakeholders a mechanism to test new TFM concepts including algorithms, procedures, and tools. Jupiter can be used for HITL exercises and to support the development of new procedures and for training development and implementation. CDM members and other research organizations can access the Jupiter test environment and participate in exercises from remote locations. Future plans include integrating Jupiter with other NAS and TFM modeling, flight planning, rerouting, and trajectory prediction tools and other concept exploration prototypes, tools, or functionality (i.e., FCA, RAT, RMT, FPPP) thus providing a simulation environment that will allow rapid prototyping of new capabilities and interfaces among functionality developed by different organizations.   

3.3.2. Current TFM Infrastructure

The following TFM infrastructure subsystems will be the target architecture for the integration of new functionality:

1. Enhanced Traffic Flow Management System (ETMS) Hub including the Traffic Situation Display (TSD), Web Situation Display (WSD), and Common Constraint Situational Display (CCSD)

2. Flight Schedule Monitor (FSM)

3. Post Operational Evaluation Tool (POET)

4. Route Management Tool (RMT)

5. Flight Schedule Analyzer (FSA)

6. NASSI Web Servers (NASSI)

Only functionality deemed mature by the FAA will be considered for integration into the targeted systems.  The target architecture will act as the “production line” for TFM research product.  Mature research products will be tech transferred for incorporation into the normal ongoing target architecture update cycle.  For the ETMS and FSM new/updated software is released approximately twice each year. Updated information about all TFM systems is available on the AUA-700 TFM web site at: http://www1.faa.gov/aua/aua700/products/factsheets/marketing.shtml.

3.3.3. TFM Modernization (TFM-M)

The TFM - Modernization program is intended to address a much needed upgrade of existing ATM hardware and software tools. The goal of the TFM-M program is to replace selected portions of the existing TFM automation systems with a modernized environment able to support both legacy and new functional capabilities. TFM-M focuses on modernization of the existing hardware and operating system software, due to the impending hardware end-of-service life.  TFM-M also emphasizes the importance of re-engineering and re-architecting the application software.  Establishing a modern, open system software platform will more readily support the addition of future capabilities as well as reduce the life cycle cost of software development and maintenance. As new functionality matures through the research phases, build packages of this new functionality will be developed for integration into the modernized TFM system. The re-engineered open system design will permit new TFM functions to be developed and deployed with minimal software development and lower program risk. The automation systems to be modernized by the TFM-M program include the current TFM centralized processing capability located at the Volpe National Transportation Systems Center in Cambridge, MA; the TFM subsystems located at the ATCSCC; and the TFM subsystems located at the various ATC facilities in the United States.

4. TFM R&D Program Element Project Summaries 

Summary tables of the principal benefits of the projects in each research area are contained in the following sections. The details of each project are contained in Appendix I, TFM Research Project/Task Descriptions and Status. Appendix III contains the TFM R&D Project Schedule that includes the projected dates for completing the current and next phase for each project/task.

4.1 Enhanced Data Exchange 

The Enhanced Data Exchange projects promote operational benefits and involve the research tasks identified in the following table:

Table 4.1:  Enhanced Data Exchange Project Elements and Principal Benefits
	Project
	Principal Benefits
	Research Tasks

	Acquire/Distribute High-value Data Types
	Improve situational awareness across all users.
Reduce calls to ATC for data.
	Data Acquisition Study for key data types such as Weather Products, SUAs, CDR, Surface Data, CTAS, National Log, OOOI, DSP, Airborne Icing & ANRs.

	Provide Data Display and Interpretation Devices
	Increase common situational awareness. 
Provide consistent shared displays.
Increase access for all users.
	Common Constraint Situation Display (CCSD) enhancements, Route Mgmt. Tool (RMT) enhancements, and Web CDM


4.2 Enhanced Arrival/Departure Management

The Enhanced Arrival and Departure Management projects promote operational benefits and include the research tasks identified in the following table:

Table 4.2:  Enhanced Arrival/Departure Management Projects and Principal Benefits

	Project
	Principal Benefits
	Research Tasks
	Phase

	Demand Prediction
	Increase accuracy and robustness of predictions.  Reduce unnecessary delay via earlier, more accurate, and more robust planning.
	GA/Pop-up Slot Algorithms
	PD

	
	
	Slot Credit Substitution
	FSD

	
	
	Check and Correct
	FSD

	Capacity Prediction
	Increase accuracy and robustness of predictions.  Reduce unnecessary delay via earlier, more accurate, and more robust planning.
	Prediction For Uncertain WX
	CE

	
	
	Airport Gridlock Prediction
	CD

	
	
	Taxi-out Time Estimation
	CD

	Resolution Planning
	Reduce unnecessary delay. Increase equity in assignment of delay. Increase airport throughput via integrated management of arrivals and departures.
	Distance-based GDPs
	FSD

	
	
	Multi-fix GDPs
	PD

	
	
	Multi-airport GDPs
	PD

	
	
	Arr/Dep Tradeoff Planning
	PD

	
	
	Playbook Oriented GDPs
	CE

	
	
	DDP
	PD

	
	
	Airborne Delay/Ground Delay Tradeoff
	CE

	
	
	OOOI Data
	FSD

	
	
	Resource Auctioning
	CE

	
	
	EDCT Change Request
	FSD

	Other R&D
	Other research tasks that contribute to accurate demand prediction, capacity prediction, or constraint resolution.
	Anywhere Demand List (Volpe)
	FSD

	
	
	Anywhere Demand List (Metron Aviation)
	PD

	
	
	Route Selection in Severe Weather
	CE


4.3 Congestion Management 

The Congestion Management projects promote operational benefits and include the research tasks identified in the following table:

Table 4.3:  Congestion Management Projects and Principal Benefits
	Project
	Principal Benefits
	Research Tasks
	Phase

	Congestion Assessment
	Improve prediction and assessment of en route imbalances in demand and capacity.
	Early Intent Data/Procedures 
	PD

	
	
	Automated Weather FCA
	CD

	
	
	Full FCA Functionality to the Air Carriers
	FSD

	
	
	Basic Projected Traffic Display
	FSD

	
	
	Probabilistic Traffic Flow Management Demand Visualization
	CE

	
	
	FCA Monitor
	PD

	Congestion Resolution Planning
	Improve collaboration resolution of en route demand/capacity imbalances.
	Sector/Airspace Mgmt. Tool
	PD/ Hold

	
	
	En route Resource Rationing Methods and Evaluation
	CE

	
	
	Ration by Schedule in the Sky
	CE

	
	
	Manual Reroute Modeling
	PD

	
	
	Automated Re-route (Delays) in Severe Weather
	CD

	Congestion Resolution Execution
	Improve speed, accuracy, and robustness of en route imbalance resolution strategies.
	Reroute Data and Execution DST (Go Button)
	CD


4.4 Performance Assessment

The Performance Assessment projects promote operational benefits and include the research tasks identified in the following table:

Note: LOE is level of effort

Table 4.4:  Performance Assessment Projects and Principal Benefits

	Project
	Principal Benefits
	Research Tasks
	Phase

	Infrastructure and Supporting Analyses
	Enable systematic analysis by assembly of necessary supporting data.  Quantify performance to identify inefficiencies. Provides R&D Infrastructure.
	Data Quality Database
	LOE

	
	
	Data Analysis & Assessment
	LOE

	
	
	POET Enhancements
	LOE

	
	
	FSA Enhancements
	LOE

	
	
	TFM Concepts Test Environment (Jupiter)
	LOE

	Operational Analyses
	Provide systematic analysis of current/future operational problems.   Identify problem causes and possible solutions 
	SPT Strategies
	LOE

	
	
	Arrival Flow Uncertainty Management
	LOE

	NAS Genome
	Provides system-wide understanding of the NAS. Provides NAS data collection, visualization techniques, and analysis.
	Data Management
	LOE

	
	
	Data Visualization
	LOE

	
	
	System Analysis
	LOE


4.5 System Impact Assessment

The System Impact Assessment projects promote operational benefits and include the research tasks identified in the following table:

Table 4.5:  System Impact Assessment Projects and Principal Benefits

	Project
	Principal Benefits
	Phase

	Integrated Metering/Reroutes System Assessment
	Increased efficiency by system-wide assessment and planning of metering and reroute actions.
	CD

	Integrated & Progressive System Impact Assessment with Uncertainty
	Increased efficiency by system-wide assessment and progressive planning of all flow actions including GDPs and GSs using probabilistic concepts.
	CE


4.6 TFM Vision/Evolution

The TFM Vision/Evolution program element was initiated in early FY03 and is in the Concept Exploration phase.  Rather than projects, this program element has three pairs of complementary activities as described in Table 4.6: 

Table 4.6:  TFM Vision/Evolution Complementary Activities 

	Activity Complement
	Description
	Phase

	Theory((Research
	From existing operations and research, definitions, axioms and testable speculations on ATM are compiled.  This is the basis for research planning that further contributes to a validated theory of ATM.
	CE

	Conops((Development
	The conops is part of a spiral process that coordinates the individual operational concepts in the R&D projects.  The conops frames operations in terms of the ATM theory and identifies research that enables operational improvements.  A general conops is important to operational integration across projects.  
	CE

	Metrics(( Architecture
	Metrics allocated from FAA mission goals are in turn allocated to decompositions of conops functionality into a system architecture.  Tracing the predicted outcome metrics through the architecture prioritizes and integrates projects for funding and scheduling.
	CE


4.7 Cross-cutting Linkages

The TFM projects are just part of the complete ATM system. TFM R&D projects have linkages with several other FAA and NASA projects.  The managers of TFM R&D program elements will maintain awareness of these potential linkages and coordinate with other projects as appropriate.  The principal areas of these potential linkages are listed in table 4.7.

Table 4.7:  TFM R&D Program Elements Linkages

	Program Element
	Linkage Area
	Coordination Point

	Enhanced Data Exchange
	ITWS Weather Data
	NASA CTAS

	
	Diversion Recovery Information
	FFP2 TMA

	
	Out/Off/On/In (OOOI) Data
	FFP2 SMS/ ASDE-X

	
	National Log Program
	NASA/FAA MC-TMA

	
	SUA and other restrictions
	FFP2 URET CCLD

	
	Surface Data
	FFP2 SMS/ASDE-X

	
	Filtered CTAS Data
	NASA CTAS

	Enhanced Arrival/Departure Management
	Arrival Demand Prediction
	NASA/FAA MC-TMA

	
	GA/Pop-up Slot Algorithms
	NASA/FAA MC-TMA

	Congestion Management 
	TFM/FACET
	NASA FACET

	
	CRCT/URET
	FFP2 URET

	Performance Assessment
	GDP Parameters
	NASA/FAA MC-TMA

	System Impact Assessment
	Metering Parameters (MIT, Time)
	NASA/FAA MC-TMA

	
	GDP Parameters
	NASA/FAA MC-TMA


4.8 
Operational Evolution Plan (OEP) V5.0 TFM Initiatives

The TFM R&D Program is relevant to each of the major improvements in Traffic Flow Management described by the Operational Evolution Plan for 2002 through 2010, as shown in Table 4-8.

Table 4.8:  Relation of TFM R&D Program Elements to OEP TFM Goals

	OEP V5.0 TFM Initiatives
	TFM R&D Program Elements

	
	Enhanced Data Exch.
	Enhanced ARR/Dep Mgt.
	Cong- estion Mgt.
	Performance Assessment
	System Impact Assess.
	TFM Vision/ Evolution

	ER-2.1: Improved collaboration and communication through planning, procedures and data sharing.
	(
	
	(
	(
	(
	(

	ER-2.2: Route Management (Improve coordination and implementation of alternative routes)
	(
	
	(
	
	
	(

	ER-2.3: Technology: Improved Predictability of Congestion and Resolution Assessment
	
	(
	(
	(
	(
	(

	ER-7.1 Conflict Identification and Planning
	(
	(
	(
	
	
	

	ER-7.2 Metering and Merge Planning (cf. AD-4.1 Metering and Merge Planning)
	(
	(
	(
	
	
	

	ER-7.3 Conflict Resolution and Planning Aids
	(
	(
	(
	
	
	

	EW-1: Integrate Weather Information into Traffic Flow Management
	(
	(
	(
	(
	(
	(


5. Roles and Responsibilities

The TFM R&D Program roles and responsibilities are as follows:

AUA-700 Traffic Management Systems Development - Overall planning for and management of TFM R&D research activities.

AOZ Free Flight Program Office - Supports transition of select FFP2 CDM research products into capabilities that ensure realization of Equitable Allocation of Resources.

ATT-100 - Participate in the identification and resolution of operational issues associated with TFM research, including the definition of supporting methodologies needed to address human factors and procedural issues.

Field Sites - Participate in TFM research activities defining issues and operational concept alternatives, participating in simulations, evaluating prototypes, and defining operational requirements for technology transfer.  

Volpe NTSC – Participates in execution of TFM research activities.

MITRE/CAASD – Participates in execution of TFM research activities.

Metron Aviation – Participates in execution of TFM research activities.

NEXTOR – Participates in execution of TFM research activities.

AAR-700 FAA/NASA Integrated NAS Research - As the FAA co-lead of the Inter Agency Integrated Program Team (IAIPT), AAR-700 is responsible for overall oversight and management of the joint research projects defined in the Integrated Plan for ATM Research and Technology Development.  
NASA Ames Research Center (ARC) - NASA ARC is co-lead of the IAIPT and is responsible for overall oversight and management of the joint research projects defined in the Integrated Plan for ATM Research and Technology Development.  
NAS Users - Individual air carriers participate as a team in the CDM Group under the auspices of Air Transport Organization.  They will participate in the operational concept definition and testing associated with TFM research activities.

TFM Research Board - Provides efficient and expedient oversight of the Traffic Flow Management directed research thereby enabling AUA-700 to formulate decisions related to research.

6. Documents
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NAS Architecture Guidelines for Field Site Development and the Evaluation of Prototypes in Air Traffic Control Facilities, Version 1.0 (DRAFT), FAA/ASD-100, May 1999

NAS Operational Evolution Plan, Version 5.0, FAA, 2003

System Prototypes in Active Air Traffic Control Facilities: Development and Evaluation Process Guidelines, Version 2.0 (DRAFT), FAA Acquisition Management System, September 1999

Traffic Flow Management Research Board Procedure, AUA-700

2000 FAA Strategic Plan, June 200

Research and Development Maturity Assessment Guide, MITRE, July

APPENDIX I

TFM Research Projects/Tasks Descriptions and Status

1.0
 ENHANCED DATA EXCHANGE

1.1 Acquire/Distribute High-Value Data Types

1.1.1  Acquire/Distribute National Log Data

Research Organization: Volpe

Current Phase: CE 
Description: The task is primarily to extract data from the log created by the National Log Program and to use it to improve ETMS predictions and/or make it available to NAS users.  For example, if information on miles-in-trail restrictions are entered into the log, this could conceivably be used to improve the ETMS Monitor/Alert predictions, and it could also be forwarded to NAS users so they would have a real-time picture of the miles-in-trail restrictions in effect.  CSC/NJ has the task of developing the National Log Program; Volpe has the task of extracting data and making use of it.

Overall status: For some time Volpe has been waiting for the deployment of the National Log Program.  This deployment occurred at seven centers in December 2002; once the program is proved out, it will deployed at the remaining centers.  The remaining work for CSC/NJ is to make whatever modifications are needed to complete deployment and then to implement any enhancements that the FAA requests; it might be that the FAA requests that the log be expanded to hold additional data.

Next steps: Volpe needs to work with the FAA and with users of the data to determine what data should be extracted from the log and what use should be made of it.

Process status: I believe that CE, though somewhat informally conducted, will be completed by end of June 2003.  No substantial work has yet been done on CD.

Schedule: If the FAA directs Volpe to proceed, then June 2002 is the target date to complete CD.  It might be that the FAA will want to keep this task on hold until it is seen that the National Log Program has stabilized sufficiently.

Needed changes to the TFM Capabilities Matrix: None.

Issues: 

Should Volpe proceed now with CD, or should time be allowed to pass to allow clarification of how the log will be used and what data will be entered into it?

What data currently in the log should be extracted from it?

What should be done with this data that is extracted from the log?

What additional data items should the log be expanded to include?

Does the data currently in the log need to be restructured in any way, e.g., reformatted to make it more machine parsable?

1.1.2 Acquire/Distribute Data on Special Use Airspace (SUAs)

Research Organization: Volpe

Current Phase: CD/Hold
Description: The task is to acquire data from SAMS on the military’s real-time use of airspace and to distribute it to FAA personnel and NAS users.  We have been waiting fruitlessly for years for SAMS to provide useful data.  Volpe is not currently working on this task, and we have no work planned.  Unless SAMS unexpectedly comes to life, apparently nothing will ever happen in this area.  

Needed changes to the TFM Capabilities Matrix: Should we delete this task?

1.1.3 Acquire/Distribute Data from DSP

Research Organization: Volpe

Current Phase: CD/Hold
Description: The task is to acquire data from DSP and use it to improve ETMS predictions and/or distribute it to NAS users.  This task has never been defined. Volpe is not currently working on this task, and we have no work planned.  

Needed changes to the TFM Capabilities Matrix: Should we delete this from the list of tasks?  (I have heard speculations from Barry Davis that perhaps this task should be eliminated.  You might want to talk to Dan Horton and get his view on this.)

1.1.4 Acquire/Distribute Airport Surface Data

Research Organization: Volpe

Current Phase: PD

Description: The long run goal is to acquire surface data from perhaps 60 airports and to distribute it to NAS users and/or use it to improve ETMS predictions.  As a first step, the task is to develop a prototype that will acquire surface data from the Memphis airport.

Overall status:  The full feed from the Memphis airport is already being received at Volpe by DTS-54.  Volpe has written drafts of much of the technical documentation that is needed for prototype development.

Next steps: DTS-54 needs to write code that will condense the full feed to the reduced feed that will go to ETMS.  DTS-56 needs to write code that will obtain this reduced feed, provide it to the airlines, and make use of it within ETMS.

Process status: We are at the beginning of PD.

Schedule: Volpe is now preparing a detailed schedule that will be delivered to the FAA in a few days.  In short, it is expected that prototype that delivers surface data from Memphis will be available to the airlines by June 2003.  No work beyond Memphis has yet been scheduled.

Needed changes to the TFM Capabilities Matrix:

Issues: Since going beyond Memphis depends on how rapidly the ASDE-X system is deployed, there is considerable uncertainty about how fast work can proceed even if the Memphis prototype is completely successful.

1.2 Provide Data Display and Interpretation Devices

1.2.1 Web CDM

Research Organization: Volpe

Current Phase: FSD

Description: This task is to provide full CDM functionality over the Internet using a VPN.  That is, an airline that installs the appropriate VPN software could then connect to Volpe over the Internet, and it could then access the same CDM functionality as an airline with a connection over AOCnet, e.g., it could send in CDM messages, receive ADLs, browse web sites at the Command Center and Volpe, and receive SMA data.

Overall status: Jet Blue successfully connected operationally in August, and it has been sending CDM messages and receiving ADLs over the Internet.  

Next steps: Three work items remain.  First, Volpe will set up routers so that Jet Blue can access the Command Center web site.  Second, Volpe will write a document that explains to any airline what it needs to do to take advantage of this capability.  Third, Volpe will work with airlines that want to use this capability to get them connected.  I think it fair to say that FSD will be completed once the first two of these work items are completed; the third work item is part of sustainment.  

Process status: Volpe in the FSD stage.

Schedule: The document that explains how to use this capability is scheduled to be completed by March 11, 2003.

Needed changes to the TFM Capabilities Matrix: When the document referred to above is completed, this task can be removed.

Issues: If Volpe needs to work with a number of airlines that do not have experience with VPNs, this could be a significant drain on Volpe’s system administration resources.

2.0 
ENHANCED ARRIVAL/DEPATURE MANAGEMENT

2.1 Demand Prediction

2.1.1
GA/Pop-up Slot Algorithms

Research Organization: Metron

Current Phase: PD
Description:  For a Ground Delay Program to be effective, an accurate projection of arrival demand for future hours is required.  Typically, when the parameters of a GDP are set and the arrival slots are assigned, information about all of the flights that will contribute to demand during the program is not available.  GA, military flights, and late additions by scheduled airlines appear in the program during its execution.  The FAA currently anticipates these pop-up flights by either setting the nominal arrival capacity artificially low or by including a 'GA factor' in the program.  This provides a degree of slack in the system to accommodate late-appearing demand.  The existing method of handling GA is completely dependant on the “gut feeling’ of the GDP implementer.  It would be desirable to implement a GA/pop-up slot allocation algorithm that is supported by historical data and science.  

Overall status:  The initial study of pop-flight traffic, titled “Result of the Pop-up Traffic Study:  Phase 1,” was completed and delivered to AUA-740 in September 2001.  We gave higher priority to other unplanned tasks such as support of the new EDCT compliance study and SCS.  AUA-700 recently re-prioritized research tasks and gave pop-up handling a higher priority.  We have modified VB FSM to implement the initial pop-up slot allocation and pop-up insertion algorithms in order to conduct HITL.  We are in the process of completing the VB FSM, Jupiter (JP), and HITL middleware to implement pop-up management approaches for HITL testing.

Next steps:  (1) Continue to learn about the pop-up patterns; (2) Develop the pop-up algorithm; (3) Develop prototype software with intelligent pop-up handling capability in a GDP; (4) Verify and analyze the pop-up algorithm in the prototype software; (5) Refine the pop-up algorithm based on the prototype algorithm verification process; and (6) Write the pop-up handling capability requirements to be developed in operational FSM.

Process status:  We are in the Prototype Development phase.

Schedule:  Complete the VB version of the prototype tool and start algorithm verification in January 2003.  Conduct HITL tests in February/March 2003.  Analyze HITL test results in March/April 2003.  Revisit the testing with lessons learned in April/May 2003.  Prepare the pop-up requirement specification document to the development group in May/June 2003.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  This task was delayed due to several highly priority tasks which were not scheduled.  Without further changes in priorities and direction, we should be able to complete this research task in FY2003.  Keep in mind that even after hand the requirement specification document to the development group and the capability being fielded, we should keep working on refining the pop-up handling algorithm with inputs from the field users.

2.1.2 Slot Credit Substitution

Research Organization: Volpe

Current Phase: FSD

Overall status: This functionality will be deployed in the operational ETMS 7.6 in 5/03.  

Needed changes to the TFM Capabilities Matrix: Once it is verified that this functionality is included in ETMS 7.6, I recommend that this task be deleted from the TFM Capabilities Matrix since it is now moving from research into sustainment.

2.1.3 Check and Correct

Research Organization: Volpe

Current Phase: FSD

Description: This task will allow an airline to make a query to find out what data ETMS has on its flights; the airline can then send CDM messages to ETMS to correct any inaccuracies.  That is, this functionality will allow an airline to detect and correct any errors concerning its flights that are in the ETMS database.

Overall status: A system requirements document has been written, but no work is currently being done.  At the moment no work is planned, but this could change when the FAA decides what functionality is desired for ETMS 7.7. 

Next Steps: This work can be broken down into phases.  The first phase is for ETMS to provide to the airlines the so-called orphan flights list, i.e., a list of flights for which ETMS only has OAG data.  If the FAA decides to proceed, presumably the next step would be to implement the orphan flights list.  Later phases are to be defined and scheduled.  As long as the airlines are having financial problems and can’t do develop on their end, these later phases might be delayed indefinitely.

Process status: This task is ready for FSD to begin whenever the FAA directs it.

Schedule: To be determined, as explained above.
Needed changes to the TFM Capabilities Matrix:

Issues: The main issue is if and when work on this task should proceed.

2.2 Capacity Prediction

2.2.1 Prediction (Decision Making) For Uncertain Wx

Research Organization: Nextor

Current Phase: CE

Description:  Current TFM approaches generally are based on a single weather scenario.  In the enroute airspace, evolving technologies such as the playbook and the Collaborative Convective Forecast Product (CCFP), usually lead to decision making in which a portion of airspace is either considered usable at its “full” capacity or entirely unusable.  It has been shown that better decision making can result when weather uncertainty is explicitly taken into account and when it is acknowledged that portions of weather-impacted airspace can sometimes handle traffic flows that are less than “full” but nonetheless significant.
Objective:  To develop decision models that explicitly take into account weather uncertainty and characterizations of weather information that acknowledge the underlying uncertainties and a range of degraded conditions.

Benefits:  Airline operational control centers and FAA traffic flow managers will be able to make more refined strategic decisions regarding operations in light of predicted weather events.  The resulting strategies will be able to take better react to changing weather conditions.  Work in this area has a goal of impacting both GDP enhancements and new collaborative routing procedures and tools.

Technical Approach:  The required research and development work is at the interface between weather models and TFM decision models and tools.  The research team will include both experts in weather models and experts in optimization and decision tools.  Recent work on new methods for estimating weather uncertainty and new stochastic optimization models will be taken advantage of.

Status and Level of Effort:  This project builds on a variety of work that has been on-going for about 2 to 3 years NEXTOR(UMD,MIT) and Lincoln Laboratories.  There is currently not active AUA funding for this work.

2.2.2 Airport Gridlock Prediction

Research Organization: Metron

Current Phase: CD

Description:  For airport usage, the current traffic flow management system gives an advantage to the arrival aircrafts because of safety issues.  However, from time-to-time we have experienced the airport gridlock situation when we have not paid necessary attention to departing flights.  The traffic flow management specialists do not have an adequate tool to predict airport gridlock condition.

Overall status:  This task is currently on hold.  Note that this task is very closely related to the DDP task described in section 2.3.6.

Next steps:  There is no work scheduled for this task in FY2003.  Wait for the guidance from AUA-700.

Process status:  The task is in the Concept Development phase.

Schedule:  N/A.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.
2.2.3 Taxi-out Time Estimation

Research Organization: Nextor

Current Phase: CD
Note:  NEXTOR has intentionally left this topic out.  This really represents past work and they do not have an active project going.  From the NEXTOR perspective, it is something of a tech transfer area, i.e. an area, where probably Metron would need to get involved, possibly with NEXTOR help.  Perhaps, in reviewing the whole document we can decide where/if to put it in or if it really should be included under something else. 

Needed changes to the TFM Capabilities Matrix:  The TFM Capability Matrix will need to be updated when a decision an made on how to proceed.

2.3 Resolution Planning

2.3.1
Distance Based GDPs

Research Organization: Metron

Current Phase: FSD
Description:  Historically, which flight would be included/excluded in a GDP was determined by the its departing ARTCC.  Some analysis indicated that more effective GDP results could be obtained by using the distance from the GDP affected airport as a flight inclusion/exclusion criteria.  This is a feature of GDPs that has long been sought after and should rectify many equity issues.

Overall status:  Prototype was developed and examined with the ATCSCC users in 2001 and 2002.  We are developing the distance based GDP capability in the Java version of FSM that is scheduled to be deployed in August 2003.Next steps:  Continue development of the distance based GDP capability in Java FSM.  Have analyst verify the logic and procedures for this capability.  Test and document the capability.  Coordinate with the Training department to create training schedule and materials.

Process status:  This task is in the full-scale development phase.

Schedule:  Ready for acceptance test in June 2003.  Conduct T&E testing and Training in July 2003.  Ready for the key site testing in August 2003.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  There is no on-going issue, however, we have a concern: ATCSCC provided the decision on how to handle flights from Canada when distance based GDP were issued.  For U.S. implemented distance based GDP, the FAA will include pre-defined Canadian airports within the specific distance from the troubled U.S. airport.  For Canadian implemented distance based GDP, NavCanada will include all U.S. airports within the specific distance from the troubled Canadian airport.  This could raise an issue when NavCanada implements the very first distance based GDP.
2.3.2
Multi-fix GDPs

Research Organization: Metron

Current Phase: PD

Description:  Current algorithms supporting GDPs are limited to allocation of shared resources (arrival capacity) at a single destination airport or at a single arrival fix.  This means that management of other shared resources (e.g., en-route airspace, arrival fixes) is not addressed by these algorithms and inefficiencies can result.  The objective of this task is to adapt FSM slot-rationing and slot-substitution algorithms to multiple-fix applications to improve system efficiency via GDPs that include demands on multiple shared resources in their construction.

Overall status:  We have developed the concept and prototype software and conducted a few HITL tests in fall of 2002.  The tests examined the multi-fix GDP usage to address ATCSCC’s concern on using this capability during severe weather conditions.  After multi-fix HITL tests and development of multi-airport GDP concepts are complete, we believe multi-airport GDP will address many of the severe weather support usage issues.  Taking our belief into the consideration, we have received the priority to work on distance based GDP first, multi-airport GDP second, and multi-fix GDP third.  Currently the ATCSCC is considering using the multi-fix GDP concept to address the arrival fix load-balancing problem.

Next steps:  Attend the GDPE meeting scheduled in mid February 2002 to understand the user needs and receive the guidance from AUA-700.

Process status:  This task is in the prototype development phase.

Schedule:  Re-visit multi-fix GDP, arrival fix load balancing capability after multi-airport GDP work.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.
2.3.3
Multi-airport GDPs 

Research Organization: Metron

Current Phase: PD

Description:  Current algorithms supporting GDPs are limited to allocation of shared resources (arrival capacity) at a single destination airport or at a single arrival fix.  This means that management of other shared resources (e.g., en-route airspace, arrival fixes) is not addressed by these algorithms and inefficiencies can result.  The objective of this task is to adapt FSM slot-rationing and slot-substitution algorithms to multiple-airport applications to improve system efficiency via GDPs that include demands on multiple shared resources in their construction.

Overall status:  The concept has been developed and we have modified the C++ version of FSM to assign runway slot times while smoothing entry into the TRACON for multi-airport GDPs.  We plan to prepare ourselves to start HITL tests as early as March 2003.

Next steps:  Continue to learn about the multi-airport GDP operation and refine the algorithm already developed.  Continue to develop multi-airport GDP prototype software and conduct HITL tests.  Based on the HITL tests, further refine the algorithm and procedure.  Conduct additional HITL tests, if necessary.  Write the multi-airport GDP requirements to be developed in operational FSM.

Process status:  This task is in the prototype development phase.

Schedule:  Attend the GDPE meeting in mid February 2003 to understand user needs and receive guidance from AUA-700.  Assuming AUA-700 want us to proceed with this task with high priority, we need to (1) Complete the prototype software; (2) Prepare the data set to run the HITL tests; (3) Coordinate and conduct the multi-airport GDP HITL in March/April 2003; (4) Post analysis of the HITL testing in April/May 2003; (5) Refine the algorithm and procedure in May/June 2003; and (6) Prepare the requirement specification in June/July 2003 to hand the task to the development group.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.
2.3.4 Arr/Dep Tradeoff Planning

Research Organization: Volpe

Current Phase: PD

Description: The task is to provide a tool that will allow an FAA user to determine how to take advantage of any tradeoff that might exist at an airport between arrival capacity and departure capacity.

Overall status: Volpe currently has a second-generation prototype ready for FAA evaluation.  

Next steps: The FAA needs to determine how this prototype should be evaluated.  The St. Louis TRACON has volunteered to participate in the evaluation.

Process Status: This task is in the middle of PD.  That is, we have a prototype ready to be evaluated, but the evaluation has not been done to determine what if anything should be operationally deployed.

Schedule: A schedule cannot be given until a plan for evaluating the prototype is formulated.  The software is ready for the evaluation to begin today.

Needed changes to the TFM Capabilities Matrix:

Issues: Should this functionality be operationally deployed?  If it should be deployed, how should it be deployed?  That is, should it be part of FSM, or should it be part of a stand-alone tool?
2.3.5
Playbook GDPs

Research Organization: Metron

Current Phase: CE
Description:  Current algorithms supporting GDPs are limited to allocation of shared resources (arrival capacity) at a single destination airport or at a single arrival fix.  In 2002, NAS users developed “playbook” mainly to improve severe weather avoidance procedures.  Playbook routes will be stored in the RMT and further usage of playbook is expected.  NAS users consider there might be a potential use of playbook to improve GDP operations.

Overall status:  Playbook GDP is a relatively new idea and the concept must be clearly defined.  Currently, different people have different ideas of playbook GDP.  We need to talk to people, formulate the idea into a definition, and document it.  No significant work in this area has been done yet. 

Next steps:  Attend CRWG and GDPE meetings and talk to FAA and airline staff to gather the information to develop the concept of playbook GDP.

Process status:  This task is in the concept exploration phase.

Schedule:  TBD.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.
2.3.6 DDP

Research Organization: Metron

Current Phase: PD

Description:  There is a need to provide practical guidance to TFM when running a GDP in support of the severe weather avoidance program (SWAP).  Experience has shown that if TFM leave arrival flows to a certain airport during the severe weather condition unchecked, then the imbalance of departure flow and arrival flow at the airport will cause aircraft to accumulate on the airport surfaces to the point of gridlock.  This is the rationale for reducing arrival flow via GDPs.  Other than daily experience, TFM currently lack quantification of the anticipated departure delays, the point at which an airport might reach gridlock, and the appropriate GDP rates to prevent gridlock. 

Overall status: We developed the concept of DDP in FY2001 and developed the initial DDP prototype in FY2002.  However, due to the funding situation and priority set to research tasks, DDP research is on hold in FY2003.

Next steps:  No plan in FY2003.

Process status:  This task is in Prototype Development phase.

Schedule:  Possible resumption of DDP research works in FY2004.  

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.  Waiting for the guidance from AUA-700.
2.3.7 Airborne Delay / Ground Delay Tradeoff

Research Organization: Volpe

Current Phase: CE
Description: The task is to provide a tool that will allow an FAA user to determine how to take advantage of the tradeoff between airborne delay and ground delay.

Overall status: Volpe is not currently working on this task.  This is on the list because it is something that we think we should work on, but there is no plan at the moment.  

Next steps: None planned at the moment.

Process status:  This task is at the beginning of CE.

Schedule: Currently, nothing is planned for FY03.

Needed changes to the TFM Capabilities Matrix:

2.3.8 OOOI Data

Research Organization: Volpe

Current Phase: FSD

Description: The task is to use the OOOI data sent to ETMS by the airlines in CDM messages to improve the ETMS data and predictions.   

Overall status: Using the OOOI data will break down into a number of phases.  Some of these phases are already part of the operational ETMS, e.g., allowing OOOI data to appear in a list request.  Other phases will be deployed in ETMS 7.6 in 5/03, e.g., using the OFF time to activate a flight in ETMS and also using the OUT time to indicate that a flight is in taxi status.  Other uses will be defined and deployed over time.  Given this multi-phase approach, it is hard to give dates for the task as a whole.
Next steps: The next step is to determine what if anything should be deployed in ETMS 7.7.

Process status: We are in the middle of a multi-phase FSD.

Schedule: There is no specific plan yet for what will be deployed in ETMS 7.7, but the goal is to pick out a next phase.

Needed changes to the TFM Capabilities Matrix:

Issues: What should be the next uses that are made of the OOOI data?
2.3.9
Resource Auctioning

Research Organization: Nextor

Current Phase: TBD

Description:  As demand for air travel steadily grows it becomes increasingly obvious that the demand for certain key NAS resources is much larger than their capacity.  These scarce resources have become extremely valuable, which suggests that economic principles should be applied to their allocation.  Ad hoc allocation methods lead to less efficient resource use.

Objective:  To extract the principles underlying ration-by-schedule and compression and use these to develop next generation approaches that can be applied both to GDP planning and to enroute resource allocation.  

Benefits:  By basing resource allocation on economic principles, better overall performance should result, leading to better service to the public and better airline profitability.

Technical Approach:  The anticipated approach will have an allocation phase in which airlines and other airspace users are allocated resources based on an appropriate scheme and an exchange phase in which resources are exchanged among airlines.  The exchange phase will be based on principles of bartering and/or auctions.  The possibility of side payments and resource buying and selling will be considered.  The end product will be an allocation and exchange scheme together with appropriate prototype software.  In addition, an assessment of the potential economic benefits will be produced.

Status and Level of Effort:  This project has been on-going for about 18 months.  There is involvement by NEXTOR(UMD).
Needed changes to the TFM Capabilities Matrix: TBD

Issues:
2.3.10
 EDCT Change Request (ECR)

Research Organization: Metron

Current Phase: FSD

Description:  The ECR prototype has become a recommended means for updating a GDP controlled flight’s EDCT.  A GDP flight’s control time of departure is referred to as its EDCT.  In order to reduce the variance of arrival projections, the FAA ordered new EDCT compliance restrictions for GDP flights in April 2002.  The new restrictions reduced the compliance window from five minutes prior to fifteen minutes after the EDCT to five minutes on either side of the EDCT.  Any flights requesting to depart more than five minutes after its EDCT would then need to request a new EDCT from the ATCSCC.  The high demand of EDCT change requests due to the new procedures could potentially create an operational bottleneck at the ATCSCC and prevent the ATCSCC Traffic Management Specialists from performing their primary tasks.  The ATCSCC needs a new tool that provides the capability of finding an appropriate new arrival slot for the flight that missed its EDCT.

Overall status: We began exploring more efficient means of updating EDCT through the ADL data and built a prototype design starting in December 2001.  The “operational” prototype of ECR was deployed in April 2002 to support the EDCT compliance window change.  The “operational” prototype ECR is a stand-alone tool based on the FSM technology.  ECR swap-based slot finding algorithm is under development.

Next steps:  Complete swap-based slot finding logic and implement it in the operational prototype version of ECR and verify the logic with analysts and users.  ECR with swap capability is scheduled to be released with ETMS 7.6.  Prepare the requirement specification document to hand the task to the development group.

Process status:  This task is in the Prototype Development phase.

Schedule:  Receive SCS message format document from Volpe in February 2003.  Based on the SCS message format, design and implement the ECR swap logic in March 2003.  Test and refine the logic and provide training of new ECR capability in April 2003.  Deliver and support operational usage of new ECR when ETMS 7.6 is delivered (scheduled date is May 12, 2003).  Prepare the functional specification document to hand the task to the development group to be integrated into Java FSM.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  Currently waiting for the SCS message document from Volpe so that we can implement the ECR swap logic.  We are expecting to receive this document in February 2003.  Our following ECR schedule depends on the receipt of this document from Volpe.
2.4
Other Projects
2.4.1 Anywhere Demand List (Volpe)

Research Organization: Volpe

Current Phase: FSD

Description: Currently, FSM can only request an ADL that contains data for one airport.  The task is to make the hubsite changes that will allow FSM to request an ADL that contains data for one or more airports, one or more fixes, or one or more sectors.  

Overall status: An understanding has been achieved of what needs to be done, and a system requirements document has been written.

Next steps: The next step is to implement a prototype that can be used for R&D purposes.

Process status: We are in PD.

Schedule: The first prototype Anywhere Demand List is scheduled to be available in February 2003.  The evaluation of this prototype that will occur remains to be defined.  

Needed changes to the TFM Capabilities Matrix:

2.4.2   Anywhere Demand List (Metron)

Research Organization: Metron

Current Phase: PD

Description:  The Airport Demand List (ADL) is a well-defined flight list used for FSM, FSA, and AADC/ADC.  ADL is currently limited to the list of arrival airport (arrival to and departure from the airport).  Anywhere Demand List expands the concept of ADL and provides a set of flight data based on user specified NAS definitions.  For example, the user could specify a list of flights that would pass a particular fix, sector, FCA, or user defined space at given time frame.  Such a list could be used for analysis as well as a data source for the new NAS resource allocation tool.

Overall status:  We plan to use JP to prototype Anywhere Demand List and JP is ready to generate the demand list with user specifications.  We will test the anywhere demand generation capability in JP when working on the “RBS in the sky” task described in section 3.2.3.

Next steps:  Put JP’s anywhere demand generation capability to test when working on the “RBS in the sky” task.

Process status:  This task is in the Prototype Development phase.

Schedule:  Need to coordinate with AUA-700 for the schedule.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  Need guidance from AUA-700 on the “RBS in the sky” task that will drive the Anywhere Demand List task.
2.4.5 Route Selection in Severe Weather

Research Organization: Nextor

Current Phase: CE

Description:  Route selection in the context of a highly constrained airspace is a large, complex systems problem.  The simultaneous selection of a set of routes that achieves system-wide objectives can have a combinatorially large set of alternatives.  
Objective:  To develop route selection models based on sophisticated mathematical programming and combinatorial problem solving methods.  The models developed should be consistent with evolving rationing schemes and CDM principles.  Software implementation of these models can be integrated into TFM tools.

Benefits:  TFM tools will be able to recommend reroute strategies that come closer to achieving system-wide performance objectives.  

Technical Approach:  The models developed will build upon the extensive body of knowledge on route selection developed within the network optimization discipline.  Existing techniques will be modified to allow for collaborative airline-FAA route development strategies.  

Process status:  This task is in the Concept Exploration phase.

Schedule:  Need to coordinate with AUA-700 for the schedule.

Needed changes to the TFM Capabilities Matrix:  TBD

Issues:  Next steps need to be coordinated.

3.0 
CONGESTION MANAGEMENT

3.1 Congestion Assessment

3.1.1 Early (flight) Intent Data & Procedures

Research Organization: Volpe

Current Phase: PD

Description: The problem is that the historical routes that ETMS uses prior to the filing of a flight plan are often inaccurate, especially for flights that last more than two hours.  The task is to provide the NAS users with a way to provide ETMS with the routes they plan to fly prior to the filing of the flight plan.

Overall Status: The current plan is to provide both a manual and an electronic way for a NAS user to provide early route intent.  The test CCSD currently available on the CDM DataGate on a test basis provides a manual way to send early route intent to ETMS.  The ability for a NAS user to provide intent electronically in a CDM message has been implemented and will be deployed in ETMS 7.6 in May 2003.  

Next steps: The two methods of providing early intent need to be evaluated so that it can be determined what improvements are needed.  Currently, the FCA/Reroute Workgroup is evaluating the manual method of the test CCSD and has made numerous recommendations, which Volpe is incorporating. 

Process status: Both the manual and electronic methods of providing early intent are in the PD phase.  (Even though the electronic version will be operationally deployed in ETMS 7.6, this should probably still be viewed as a prototype that will be revised over time.)

Schedule: The electronic method will be deployed in ETMS 7.6, and the manual method will be deployed on the operational CCSD, both in May 2003.

Needed changes to the TFM Capabilities Matrix:

Issue: How can the GA community be given with a method to provide early route intent?
What improvements are needed to the manual method of providing early route intent?  The point is that the manual method needs to be improved so that it becomes usable is an operational setting.
What improvements are needed to the electronic method of providing early route intent?  For example, one improvement that clearly is needed is a better feedback mechanism so the user will know if ETMS accepted the early intent data.
3.1.2 
Automated Weather FCA

Research Organization: Mitre/CAASD

Current Phase: CD

Description: The Automated Weather FCA capability consists of automatically creating FCAs overlaying National Convective Weather Forecast (NCWF) polygons.  The capability was originally part of Automated Capabilities for Congestion Management (ACCM).  

The automated Weather FCA task for FY03 consists of two activities.  The first is to develop an operational concept for the capability in conjunction with baseline CRCT capabilities.  The second activity consists of developing a strategy for transferring the automated weather FCA capability to ETMS.    

Overall status:  Background documentation pertaining to NCWF’s phased development and its planned implementation in ETMS has been collected.  Information as to NCWF’s envisioned use by TFM has proven to be scarce.  Field visits to Atlanta ARTCCC and the ATCSCC have been completed.  These visits were conducted to gather information about TFM use of available weather products, to develop an understanding of the potential operational need for information to be supplied by an NCWF-based automated weather FCA capability.  

Next steps: A field visit to Washington ARTCC Center Weather Service Unit is planned for mid January.  After the completion of this trip, work on the operational concept will commence.  Subsequently, field input on the concept will be obtained through interaction with appropriate subject matter expert teams.

Process status:  

Schedule: The automated weather FCA operational concept will be delivered to the FAA by July 31, 2003.  The automated weather FCA transition strategy will be delivered to the FAA by September 30, 2003.

Needed changes to the TFM Capabilities Matrix:  

Issues: None.
3.1.3 Full FCA Functionality to the Air Carriers (Create FCA on CCSD)

Research Organization: Volpe

Current Phase: FSD

Description: The task is to allow the airlines to use the CCSD to create FEAs that can be viewed on the CCSD and also shared with other airlines and FAA facilities.

Overall status: A prototype of this functionality is now in testing.  

Next steps: We expect to have a prototype of this function on the test CCSD in January 2003.  This prototype will be evaluated by the FCA/Reroute Workgroup, and Volpe will make requested changes.  

Process status: This task is now in PD.

Schedule: This function will be deployed on the operational CCSD in May 2003 along with ETMS 7.6.

Needed changes to the TFM Capabilities Matrix:

Issues: The exact mechanism by which airline-created FEAs will be shared needs to be worked out.

3.1.4 Basic Projected Traffic Display

Research Organization: Volpe

Current Phase: FSD

Description: The task is to allow a TSD user to look ahead in time and to see graphically where ETMS projects aircraft to be in the future.  That is, a TSD user will be able to watch aircraft icons move forward in simulated time to show what ETMS is projecting.

Overall status: Volpe is just now starting on this task.  The FAA has stated that it would like for this capability to be fielded in ETMS as soon as possible.

Next steps: Volpe needs to analyze this task, sketch out how to implement it, and let the FAA know if it is feasible to deploy it in ETMS 7.7.

Process status: The implementation of this capability in CRCT appears to be a fully satisfactory prototype, so PD is completed.  Volpe is at the very beginning of FSD.

Schedule: The hope is that this functionality will be deployed in ETMS 7.7 in November 2003, but the analysis has not yet been done that allows us to say that this hope is realistic.

Needed changes to the TFM Capabilities Matrix:

Issues: TBD.
3.1.5 Prediction Accuracy Analysis and Techniques Development

Research Organization: Mitre/CAASD

Current Phase: Deleted 1/03

3.1.6 Probabilistic Traffic Flow Management Demand Visualization

Research Organization: Miter/CAASD

Current Phase: CE

Description: TFM decisions are based on imperfect predictions of demand; however, prediction uncertainty is not explicitly factored into the decision-making process. In the current Enhanced Traffic Management System (ETMS), demand predictions are presented as "truth," even though traffic managers are aware of the uncertainty around them. This can result in unnecessary actions and conservative decisions. Our objective is to explore ways to manage the impact of uncertain demand predictions on TFM decision making. To do this, we must quantify the uncertainty present in the demand predictions used in current TFM operations, and develop candidate visualization techniques and procedures for using this uncertainty to improve decision making.    

Overall status:  This is a new research task that was begun this fiscal year.

Next steps: We will (1) review past work in the areas of aircraft trajectory prediction, visualization of uncertain information, and decision making in the presence of uncertainty; (2) develop mathematical models to relate trajectory prediction accuracy to uncertainty in TFM predictions; and (3) explore techniques for and associated human factors issues involved in presenting uncertain information to TFM decision makers.

Process status:  Concept Exploration

Schedule:   Concept evaluation should be completed by September 2004. Concept development should be completed by September 2006.

Needed changes to the TFM Capabilities Matrix:  None

Issues:  None

3.1.7 FCA Monitor

Research Organization: Volpe

Current Phase: PD

Description: It has been discovered that one of the problems in managing an FCA is that over time flights drop out of it, flights pop up into it, and some flights stay in it.  This means that it can be very confusing as a traffic manager tries to keep track of how the FCA has evolved and how effectively it is being dealt with.  Therefore, this task is to provide a tool called the FCA Monitor that will allow the traffic manager to keep track of the changing status of the FCA.  This monitor will keep track of all flights that are in the FCA or that have ever been in it so that the traffic manager can follow its evolution over time.

Overall Status: The FCA Monitor is being prototyped on the WSD/CCSD, and it is expected that it will be available for prototype operations in May 2003 when ETMS 7.6 is deployed.  

Next Steps: Once the prototype is available, feedback from users will guide the further development of the prototype.  If the FAA desires, this tool will be moved to the TSD in some future ETMS release.

Process State: Prototype development.

Needed changes to the TFM Capabilities Matrix:  This item needs to be added to the matrix.

Issues:  None
3.2
Congestion Resolution Planning
3.2.1 
Sector / Airspace Management Tool

Research Organization: Volpe

Current Phase: PD/Hold

Description: The task is to provide a tool that allows an FAA user to run a ground delay program for a sector or an FCA.  That is, the tool allows a user to specify a sector or FCA, a capacity per fifteen minute interval, a total time interval, and it then calculates the ground delays that are necessary to make sure that the specified capacity is not exceeded.

Overall status: A prototype of this tool has been available for roughly two years, and it has gone through a number of rounds of enhancements, e.g., modifying it to allow it to analyze an FCA.  Volpe, which is waiting for feedback from the FAA, is currently doing nothing on this tool. 

Next steps: There is no firm plan for what will happen next.  My guess is that this prototype will continue to exist, perhaps with a few more enhancements, and that its functionality will eventually be included in an enhanced version of FSM, at which time this prototype will have served its purpose and be retired.

Process status: This tool is in PD.

Schedule: Currently, no further activity by Volpe is scheduled.

Needed changes to the TFM Capabilities Matrix:

Issues: The future of this functionality needs to be decided.  Should it be incorporated into FSM?  Is this functionality part of what the anywhere demand list will be used for?
3.2.2
Enroute Resource Rationing Methods and Evaluation (CAASD)

Research Organization: Mitre/CAASD

Current Phase: CE

Description: Effective management of the enroute airspace requires a rich information exchange and the distribution of decision making responsibilities among airspace users, the ATCSCC and the regional traffic flow management units.  An essential component of achieving such effective management is the development of resource rationing methods that effectively allocate decision-making responsibilities among airspace users and the various airspace managers and that encourage airspace users to provide intent information in a timely manner.  Such rationing methods, which are embodied in the ration-by-schedule and the compression algorithms, represent a fundamental component in the successful application of CDM to the planning and control of ground delay programs (GDPs).  Due to the various complexities of the enroute environment, the GDP methods cannot be directly applied and so new approaches that embody the principles and spirit of the CDM GDP methods are required.

The objective of this effort is to propose a set of resource rationing methods for the enroute airspace and to create a computer-based tool for their evaluation.  Using the tool developed, airspace managers and users, through simulation and gaming, will participate in exercises leading to a consensus on the methods on which to base future operational concepts and decision tools.  A set of alternatives has already been generated by the CDM long-term Collaborative Routing Group.

Overall status: In FY 02, Metron, MITRE/CAASD, University of MD/NEXTOR, and Volpe collaborated on three activities in this research area:

· Produced and distributed a paper summarizing resource rationing ideas proposed in the last several years. The paper was titled: Rationing Schemes for Enroute Air Traffic Management”.

· Held a joint resource rationing evaluation in June 2002.

· Briefed the ATA Steering Committee in August 2002 on the status of the research.

Next steps: CAASD’s research in this area is being integrated with its Automated Capabilities for Congestion Management (ACCM) research which is described in section 3.2.5.
Process status: CE

3.2.3
RBS in the sky

Research Organization: Metron

Current Phase: CE

Description:  One of the lessons of the early CDM work was that an air carrier would not send data to ETMS if doing so resulted in the air carrier incurring a penalty.  The primary method used to make sure that this did not happen is the Ration-by-Schedule (RBS) algorithm.  For example, if an air carrier sends a cancellation to ETMS, RBS ensures that this will not cause that air carrier to lose a slot.  Some analogous algorithm is needed in any tool that is to deal successfully with airspace congestion, but it is not obvious what this algorithm should be; this desired algorithm is called RBS in the sky.  The problem is to devise such an algorithm.

Overall status:  Rather than working on the vague concept of RBS in the sky, it was decided we should take a baby step.  FCA based GDP is a concrete way to tackle the RBS in the sky task.  We are in the process of defining the FCA based GDP and will implement the prototype software using Java FSM.  This will be the first prototype development using Java FSM as a foundation and requires substantial software resources.

Next steps:  Define the FCA based GDP concept, design the prototype software and implement it.  Define the data elements needed to run the FCA based GDP and work with the JP team to generate FCA ADL (subset of Anywhere Demand List).  Test the software internally and then coordinate and conduct HITL tests.

Process status:  RBS in the sky is in the concept exploration phase, but FCA based GDP is in the concept development phase.

Schedule:  Prepare the test data and prototype software so that we can start testing the FCA based GDP in the JP simulation environment in the summer of 2003.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  Java FSM software development resources will be made available in late spring 2003 to proceed the FCA based GDP prototype as a part of RBS in the sky task.
3.2.4 Manual Reroute Modeling

Research Organization: Volpe

Current Phase: PD

Description: The task is to allow a TSD user to specify a set of flights along with a reroute for each flight, and ETMS will then project the sector demands that would result from these reroutes.

Overall status:  This work falls into two main pieces.  First, allow the user to specify the flights to be rerouted and the reroute given to each flights.  Second, calculate the effect of the reroutes on sector demand.  The first piece has been implemented but not tested.  The second piece is partially implemented.

Next steps: Finish implementing the second piece, and test both pieces.  When this is completed, this will be considered a prototype, which will then be evaluated by the FCA/Reroute Workgroup and well as by others in the FAA.

Process status: The Volpe is in PD. 

Schedule: Begin evaluation of the prototype in March 2003.  Then enter FSD and make whatever changes are needed.  Deploy in ETMS 7.7 in November 2003. 

Needed changes to the TFM Capabilities Matrix:

Issues:
3.2.5
Automated Re-route (and Delays) Severe Weather

Research Organization: Mitre/CAASD

Current Phase: CD

Description: Algorithms need to be developed that can help automate the generation of weather-related reroutes for groups of aircraft.  This is not a simple endeavor.  Route selection in the context of a highly constrained airspace is a large, complex systems problem.  The simultaneous selection of a set of routes that achieves both NAS service provider and NAS user objectives can have a combinatorially large set of alternatives, with an associated large set of constraints. The goal of this task is to develop route selection algorithms.  The algorithms developed should be consistent with evolving rationing schemes and CDM principles.  Software implementation of these models can be integrated into TFM tools. TFM reroute tools will be able to automatically generate reroute strategies that come closer to achieving system-wide performance objectives.  Maximum aircraft throughput can be achieved with the least impact on individual aircraft.

Overall status: In FY 02, CAASD continued to explore an operational concept and refine a prototype for an automated weather rerouting capability. Two evaluations were held and a number of demos were given to get feedback on the concept and the prototype. In September, an initial concept of operations was published for “Automated Capabilities for Congestion Management”. 

Next steps: It is now clear that this research and the research on Enroute Resource Rationing Methods and Evaluation described in section 3.2.2 should be merged since there is considerable overlap in the operational needs that the two areas of research are addressing. Therefore, these two activities are merged in the current CAASD work program. In FY 03, this research is refining the operational concept and the equitable allocation algorithms by addressing issues identified during FY 02. Specific areas of research include the following areas: refining the concept for the use of NCWF polygons, treating FCAs as reduced capacity regions instead of no-fly-zones, enhancements to increase plan success rate and efficiency, and refinement of the role of and methods for collaboration. Due to the complexity of this research area, the research is also trying to identify incremental implementation strategies.

Process status: CD

3.3 Congestion Resolution Execution

3.3.1 Reroute Data and Execution DST ("Go Button")

Research Organization: Mitre/CAASD

Current Phase: CD
Description:  CAASD is developing and validating an operational concept for integrating the operations and automation involved in implementing TFM-initiated reroutes. Our previous concept of operations work provided the foundation for a coordinated effort to define the infrastructure, automation, roles and responsibilities, and procedural changes needed for the timely dissemination and implementation of flight-specific reroutes generated by TFM Decision Support Systems.  The concept development follows an earlier activity in concept exploration that identified the need for a concept for integrating TFM and ATC operations.  CAASD is focusing its current efforts on identifying the specific architecture and/or procedural changes that are needed to implement the rerouting concept.  Where appropriate, this will include the incorporation of concepts, procedures, and technologies developed by the Reroute Advisory Team, a subgroup of the Collaborative Decision Making workgroup.

Overall status:  At a workshop on Oct 24, 25 2002, CAASD presented its concept to a group of ATM operational personnel and contrasted it to the existing (largely procedural) method of coordinating and implementing TFM-initiated reroutes.  The concept was presented from the perspectives of flight planner, TFM specialist, controller, and pilot.  Feedback from the workshop resulted in a modification to the concept, which will be used for a future follow-on workshop.  CAASD has also begun identifying the potential requirements on TFM-M that are needed to make the concept reality.  A set of high-level requirements has been implemented in the TFM-M specification; requirements for ERAM are under development.

Next steps: Volpe will be incorporating a reroute capability into an upcoming build of ETMS as part of CRCT tech transfer and the Reroute Advisory Team prototype. Lockheed-Martin has designed the URET component of the concept, which allows for the integration of TFM reroutes into ATC sector automation.  CAASD will continue to revise the rerouting operational concept and address issues where appropriate.

Process status:  Currently in the Concept Development stage

3.3.2 Reroute Advisory Generation

Research Organization: Volpe

Current Phase: Completed

Description: The task is to allow a TSD user who creates a public reroute to have the TSD generate and send out an advisory.  

Overall status: This function was operationally deployed in ETMS 7.4, which was deployed in May 2002.  

Needed changes to the TFM Capabilities Matrix: I believe that this item can be removed from the matrix.

4.0
 PERFORMANCE ASSASSMENT

4.1 Infrastructure and Supporting Analyses

4.1.1 Data Quality Database

Research Organization: Volpe

Current Phase: Level Of Effort (LOE)
Description: The Data Quality Database contains a variety of data on flights and airlines that bear on data quality.  Enhancing the Data Quality Database is an on-going task.  

Overall status: The Data Quality Database is already in operational use.  As the FAA requests enhancements, Volpe will implement them. 

Next steps: Since ETMS 7.5 is now deployed, we will be able to start feeding this database from the operational ETMS instead of from a test string, as we have always done up to now.  This database is also being rehosted on new hardware to improve speed and reliability.

Process status: When the feed of the database is switched over to the operational strings, we can consider this to be the end of FSD for the central portion of the database.

Schedule: TBD.

Needed changes to the TFM Capabilities Matrix:

Issues: How can this database be enhanced to show all of the NAS messages for every flight?
4.1.2
Data Analysis & Assessment
Research Organization: Metron

Current Phase: LOE

Description:  Efficient operation of the NAS is dependent upon accurate prediction of demand for services across its various elements.  Demand is highly dynamic, and prediction of that demand is challenging with high-quality data, but impossible with low-quality data.  We need to gauge the quality of the various types of demand data that impact operation of the NAS.  Continuing data quality improvement efforts will result in higher quality data and better analysis/assessment of NAS operation.

Overall status:  Data analysis is in progress as part of the Genome data analysis effort.  We have already found several interesting results which includes XXXX

Next steps:  Continue data analysis task as directed by the AUA-700.

Process status:  This task is a LOE task.

Schedule:  Provide AUA-700 with quarterly reports.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  None.
4.1.3
POET Enhancement
Research Organization: Metron

Current Phase: LOE

Description:  The complexity of the NAS and the large daily volume of traffic make evaluation of operational effectiveness impossible without a powerful analysis tool to support both macroscopic and microscopic investigations.  POET is a prototype analysis system developed under CDM with a focus on supporting analysis of collaborative routing problems.  These include identifying areas of NAS congestion or inefficiency.  It allows users to explore how the NAS operated using a variety of performance metrics, including departure, en-route, arrival delays, filed versus actually flown flight tracks, and filed versus flown track distances.  The POET client software connects to an on-line database server that is constantly updated with a live ETMS data spanning the entire NAS.  With POET, users can easily access, filter, and visualize the flight information contained in the data archive using a variety of interactive charts, tables, and geographic displays, and organize that information into useful HTML reports.  Additionally, POET has built-in a collection of data mining tools to assist the user in recognizing patterns and trends within the data, such as airborne holding, arrival fix swaps, and significant reroutes.
Overall status:  POET became an operational prototype in July 1999.  Periodical enhanced versions of POET are made available to users.  Currently POET is providing near real time data (up to 1 hour behind the current time) and the database contains a rolling 45 days worth of data.  There are approximately 40 users including ATCSCC, ARTCCs, FF office, FAA ASD, and airlines.  The most resent version of POET, version 2.1.1, was released in November 2002 and provides weather data from NWS.  Currently working on version 2.2 of POET scheduled to be released at the end of June 2003.

Next steps:  POET requirement meeting to establish next release is scheduled in early February 2003.  After requirements are established, implement, analyze, test, and document the next version of POET.

Process status:  This task is a LOE task.

Schedule:  Requirement due in early February 2003.  AUA-700 will set the next version POET requirement priority and free the requirements in mid February 2003.  POET next version design freeze and code freeze in March and June 2003, respectively.  Training in June 2003 and ready for deployment at the end of June.  POET schedule will be affected by the ETMS schedule as well as other dependent systems and various organizational coordination including NATCA, Procedures, Training, and System Automation at the ATCSCC.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  POET database maintenance is a difficult task due to the large volume of data.  Quality of POET data analysis and investigation of NAS data depends on the POET database.  It is very important that the research group has reliable and timely POET data.
4.1.4
FSA Enhancement
Research Organization: Metron

Current Phase: LOE

Description:  GDPs and GSs are complex and difficult to execute in the face of changing situations involving dynamic demand and capacity.  Questions arise each day regarding the causes of problems in program execution, and these questions must be answered rapidly in the specific context of GDP/GS planning.  FSA is divided into two applications:  Real-time FSA (RT FSA) and Post Analysis FSA (PA FSA).  The RT FSA is a web-based application that allows users to monitor GDPs as they are executing.  Server-side Java script dynamically generates HTML reports that are updated every five minutes as new flight information is received.  Performance reports show whether the GDP is delivering the requested rate and indicate why the desired rate is not being achieved.  Compliance Reports allow users to monitor compliance with assigned control times.  Additional reports help identify data quality problems that may negatively impact program performance.  Drill down features allow the user to interactively query the underlying database for additional flight information.  PA FSA allows for more in-depth analysis after the GDP has terminated.  This component quantitatively measures GDP performance using several performance metrics.  Trend analysis features, which benchmark the current program against past programs, allow the user to identify patterns or anomalies that are indicative of underlying problems. 

Overall status:  FSA deployed at the ATCSCC QA department in April 2001.  RT FSA user base has expanded to FAA fallacies and airlines in the summer of 2002.  PA FSA generates the GDP performance reports daily for the ATCSCC morning brief and sends out the compliance reports to FAA field facilities.  RT-FSA version 2.4 was deployed on December 9, 2003 to support ETMS 7.5.  The next RT-FSA and PA-FSA version number will be 7.6 to be consistent with ETMS version number.

Next steps:  Implement GS analysis capability as well as an ad-hoc analysis capability.

Process status:  This task is a LOE task.

Schedule:  FSA next version code freeze at the end of March 2003.  Training in early April 2003.  Ready for deployment in mid April 2003.  This FSA schedule will be affected by other dependent systems and various organizational coordination including NATCA, Procedures, Training, and System Automation at the ATCSCC.

Needed changes to the TFM Capabilities Matrix:  None.

Issues:  FSA server has had trouble several times in the last half of 2002 resulting in spending significant time troubleshooting.  Most of these troubles are caused by the network changes at the ATCSCC.  Better coordination in advance is necessary in the future.  This issue was brought to the FAA’s attention at the MAI PMR conducted early December 2003.
4.1.5
TFM Concepts Test Environment (Jupiter or JP)
Research Organization: Metron

Current Phase: LOE

Description:  The Project Jupiter vision is to ensure that AUA-700 has the capabilities for researching and simulating new TFM concepts upon which both the FAA and industry rely.  The JP Environment has been developed to provide CDM stakeholders a mechanism to test new CDM concepts including algorithms, procedures and tools; conduct human-in-the-loop exercises; test new releases of tools, such as FSM, prior to release and conduct training on the use and procedures of software tools.  CDM participants can participate and interact with the simulation environment via HITL exercises or training from remote locations.

Overall status:  The initial version of the simulation environment, 1.x, supports the FSM Multi-fix GDP prototype software and SCS.  The system simulates both ETMS functionalities (generating ADLs, processing GDPs, processing airline substitutions, etc.) and flight events (actual departures, airborne holding ,etc.)  The JP supported a few Multi-fix GDP HITL exercises.  The JP is ready to generate FCA demand list (subset of Anywhere Demand List) with list specification for FCA based GDP test.  The JP has been installed and used to support FSM training at MAI and ATCSCC Lab A.  The JP provides more realistic FSM training scenarios for users.  Currently working on the 2.x version of JP that supports older versions of FSM and ADLs plus the capability of simulating the uncertainty in traffic patterns such as airborne holding and randomness in departing times.  The design work of version 3.x is underway and this version will support an en-route simulation environment.

Next steps:  Complete development of release version 2.2 and system design of version 3.0.  Continue development of version 3.0.
Process status:  This task is a LOE task.

Schedule:  We plan to complete JP version 2.2 in January/February 2003.  Schedule of JP version 3.0 needs to be discussed with AUA-700.

Needed changes to the TFM Capabilities Matrix:  None.

Issues: This is not an issue, but we would like to clarify the schedule of JP version 3.0.  The purpose of JP is to provide a simulation environment that will support other research tasks such as multi-fix, multi-airport, SCS, pop-up management, and FCA based GDP (RBS in the sky).  The JP has been serving this purpose very well.  The general guidance from AUA-700 is to expand the JP simulation capability beyond airport to the airspace, however, we have a higher priority to support the simulation environment to other research tasks identified by AUA-700.
4.3
Operational Analysis

4.3.1
SPT Strategies

Research Organization: Metron

Current Phase: LOE

Description: During the process of SPT Strategies sessions, various questions associated with operations surface.  Some of these questions require operational data analysis.  Metron Aviation is tasked to perform an in-depth data analysis in response to the questions that surface.

Overall status: When the SPT team needs data analysis, they will notify Metron Aviation via AUA-700.  Metron Aviation is tasked to perform this analysis on an as needed basis (LOE).

Next steps: Continue to provide analysis support as requested and instructed by AUA-700.

Process status: LOE
4.3.2
SPT Strategies

Research Organization: Mitre/CAASD 

Current Phase: LOE
Description: This task is to provide CAASD staff at the ATCSCC a tool to help in supporting the management and improvement of NAS performance.  The tool is entitled CAASD Analysis Platform for En Route or CAPER and is based on the existing CRCT capability.  It has been augmented with new features including: an enhanced future traffic display to allow the user to scroll both forward and backwards in time and display the associated future flight trajectory or actual track history information, a capability to select sectors in the Center Monitor with low traffic density, a tool to display distance information on routes, aircraft track history information for flights, and real-time recording of aircraft sector counts.  In addition, other enhancements were done to improve the overall usability of CAPER including; color coded FCAs and reroutes, FCA demand graph time intervals, and display of additional information after a reroute is implemented.  In addition new capabilities are being added in FY03 including a delay manager to detect flights that have acquired airborne delay based on a user specified parameter.  This capability can be used stand alone or with an existing FCA.

Overall status: Capabilities have been added to CAPER in FY02 and additional capabilities are being added in FY03.

Next steps: Continue development for possible “tech transfer” in FY04.

Process status: LOE
4.3.3
SPT Strategies

Research Organization: OSU

Current Phase: LOE

Description: This is a placeholder for TBD OSU Operational Analysis.

4.3.4
Arrival Flow Uncertainty Management

Research Organization: Nextor

Current Phase: LOE

Problem Description:  The ability to plan and control GDPs is hampered by the high degree of uncertainty associated with the arrival flows into the GDP airport.  The three sources of uncertainty are unreported flight cancellations, pop-up flights, whose operation is not known sufficiently in advance to allow for inclusion within the planning process, and drift, the either forward or backward deviation of the timing of a flight relative to the timing used in the planning process.    

Objective:  To quantify the impact of various sources of uncertainty.  Additional analysis will investigate the causes of this uncertainty and attempt to develop approaches to mitigating the adverse effects of uncertainty.  A quantification of the benefits of methods that have led to uncertainty reduction will also be developed.  
Benefits:  Tool and operational concept developers will have a clearer understanding of the impact of uncertainty and how to reduce it.  Program managers will understand the benefits of programs aimed at reducing uncertainty.

Technical Approach:  A combination of historical data analysis, simulation and optimization models will be used.  The historical analysis will investigate how performance has actually changed as a result of the implementation of methods that have reduced uncertainty.  The simulation model will quantify the individual impact of different sources of uncertainty as well as the cost sensitivity to variations in uncertainty.  The optimization model will quantify the cost of uncertainty assuming the “optimal” operational policies are used.  It will also produced suggested new operational policies.

Overall status: TBD

Next steps: TBD

Process status: LOE

4.4 
NAS Genome

Research Organization: Metron

Current Phase: LOE

Description:  NAS Genome research includes investigation and documentation of the daily, monthly, and yearly operation of the NAS from the viewpoint of complex system behavior.  It develops in-depth longitudinal data sets that enable NAS operations to be characterized in a statistically significant fashion, including explicit treatment of uncertainty.  It also develops means of visualizing and manipulating these data sets in order to facilitate the discovery process.  In addition, it leads to understanding and managing the many forms of uncertainty that pervade the NAS (e.g., demand levels/locations, capacities of various NAS elements, weather characteristics), and forging a clear understanding of equitable allocation of limited resources throughout the NAS.  Most fundamentally, it develops understanding and lessons learned concerning the behavior of the NAS as a system and as a set of interacting sub-systems.

Overall status:  NAS Genome project is further divided into three areas:  (1) Data Management; (2) Data Visualization, and (3) System Analysis.  Refer to sections 4.4.1, 4.4.2, and 4.4.3 for details.
Next steps:  Refer to sections 4.4.1, 4.4.2, and 4.4.3.

Process status:  Refer to sections 4.4.1, 4.4.2, and 4.4.3.

Schedule:  Refer to sections 4.4.1, 4.4.2, and 4.4.3.

Needed changes to the TFM Capabilities Matrix:  Refer to sections 4.4.1, 4.4.2, and 4.4.3.

Issues:  Refer to sections 4.4.1, 4.4.2, and 4.4.3.
4.4.1 Data Management

Description:  Development, management, and support of historical database for long-term analysis of NAS behavior in System Analysis (4.4.3) and Data Visualization (4.4.2).

Overall status:  Performing data-quality checks and loading database with two years of data.

Next steps:  
· Continue additions to NAS data roadmap.

· Continue maintenance and data-quality review of approximately 24 months of data covering 2.5-year period online to support current analysis efforts.

· Enhance automated processing of NAS-wide descriptive tables and graphs from database query through posting to website. 

Process status:  This task is tagged as CE, however, should be changed to LOE.

Schedule:  Quarterly Research Summaries.

Needed changes to the TFM Capabilities Matrix:  LOE.

Issues:  None.
4.4.2 Data Visualization

Description:  Augment traditional data-visualization techniques with new approaches and to apply these to long-term, statistically significant volumes of NAS data in order to better identify system and sub-system behaviors.

Overall status:  Adaptive visualization infrastructure in place, and NAS network algorithms under development.

Next steps:  

· Continue enhancements to map-based visualization infrastructure to enable adaptation to new techniques, including animated visualization of volume and delay as a function of location and time.

· Continue development of track-bundling and bundle-merging algorithms for capacitated flow network for en-route traffic.  Presently tuning these algorithms to control density of network nodes, addressing directionality of network links, and connecting the network to the underlying flight database.

Process status:  This task is tagged as CE, however, should be changed to LOE.

Schedule:  Quarterly Research Summaries.

Needed changes to the TFM Capabilities Matrix:  LOE.

Issues:  None.

4.4.3 System Analysis
Description:  Develop understanding of NAS behavior from the sub-system level upward, and determine whether discoveries relating to these sub-systems may provide key information useful for nearer-term improvements in TFM through new operational concepts or modernization.  In addition, develop a functional description of key processes and data flows throughout the NAS and its subsystems at a level that is appropriate for comprehension of system and sub-system behaviors.  This information is critical to synthesizing a broader understanding of critical elements of the NAS and how they interact to influence NAS behavior under a wide variety of circumstances.  In the long term, this will lead to improved quantitative models for NAS behavior that can be used for problem diagnosis and evaluation of proposed solutions.  

Overall status:  Chicago-to-NYC tube being analyzed as sub-system.  NAS electronic functional description initiated.

Next steps:  

· Continue development of system-level NAS description, concentrating on the airspace and surface layers.
· Continue analysis of Chicago-to-NYC “sub-system” of the NAS, addressing such issues as ETE variability and sector demand-list stability.  

· Continue development of airspace volume-versus-delay scatter grams for use as operating characteristics in NAS system analysis.

Process status:  This task is tagged as CE, however, should be changed to LOE.

Schedule:  Quarterly Research Summaries.

Needed changes to the TFM Capabilities Matrix:  CE to LOE.

Issues:  None.
5.0
 SYSTEM IMPACT ASSESSMENT RESEARCH

5.1 
Integrated Metering/Reroutes System Assessment

Research Organization: Mitre/CAASD

Current Phase: CD
Description:  CAASD continues work associated with the TFM Integrated Impact Assessment (IIA) capabilities, including the study of models and tools to advance the strategic planning of multi-modal traffic management solutions.  CAASD continues the development of the integrated miles-in-trail and rerouting decision support capability, transitioning from the concept exploration (CE) to the concept development (CD) phase.  Work in this area is directed towards (1) refinement of the functional requirements and operational concept for the capability, (2) addressing the key technical feasibility issues that remain, and (3) beginning to address key implementation issues, in preparation for eventual decisions about further prototyping or deployment of the capability.  In addition, the modeling techniques developed for this capability can be used to improve overall modeling of NAS behavior for prediction of sector loads in the presence of active TFM initiatives (miles-in-trail restrictions and rerouting).  Therefore, the work will include continued analysis of sector load prediction accuracy improvements due to application of these models (as begun in FY02).  Finally, this work will include development and maintenance of input to the TFM research management plan being maintained by AUA-700.  

Overall status:  Previous demonstration evaluations provided insight into operational need and concept of operations.  In November 2002, CAASD conducted a Human-in-the-Loop (HITL) evaluation in order to (1) confirm the operational usefulness and effectiveness through participant interaction with functionality, (2) validate and refine functional and algorithmic requirements from an operational perspective, and (3) obtain insight into possible anecdotal/qualitative operational benefit.  Initial results of the HITL evaluation indicate that current IIA capabilities are operationally useful and easy to use, can have a positive effect on the manageability and predictability of traffic, and have the potential to reduce the duration of a MIT restriction on the order of 15 minutes.

Next steps:  Complete the analysis of evaluation results.  Review the final results and recommendations with AUA-700 and with the TFM User Team (TUT).  Conduct an initial assessment of technical issues.

Process status:  CD

Schedule:  The Updated Concept of Operations for Integrated Miles-In-Trail and Rerouting will be delivered to the FAA by July 31, 2003.  The Detailed Functional Requirements for an Integrated Miles-In-Trail and Rerouting Decision Support Capability will be delivered to the FAA by September 30, 2003.

Needed changes to the TFM Capabilities Matrix:  None
Issues:  Technical issues include computational issues, integration issues, and issues with data availability.

5.2 
Integrated & Progressive System Impact Assessment with Uncertainty

Research Organization: Mitre/CAASD

Current Phase: CE

Description: This task addresses the next phases in the development of TFM Integrated System Impact Assessment capabilities. Previous CRCT-based evaluations indicated the need to include the impact of traffic management initiatives that have already been implemented on the traffic projections displayed in ETMS. The evaluations also indicated the need to evaluate the effect of multiple, possibly interacting, proposed traffic management initiatives. Therefore, this task is exploring several areas for further refinement of a TFM System Impact Assessment capability. First, CAASD is exploring a Progressive Planning concept which addresses the need to include the impact of already implemented traffic management initiatives in a System Impact Assessment capability. Second, CAASD is exploring the integration of additional traffic management initiatives, such as time-based metering, ground delay programs, and ground stops with its existing reroute/MIT system impact assessment capability prototype. An important aspect of this task will be collaboration with METRON due to their leading role in ground delay and ground stop TFM capabilities. Third, CAASD will also explore ways to more explicitly incorporate demand uncertainty in a System Impact Assessment capability. Refinements in this area will build upon the research being performed for CAASD’s Probabilistic TFM Demand Visualization task.

Most work for this task is currently being performed on the Progressive Planning concept. The following activities are being performed on Progressive Planning in FY 03:  developing an operational concept for Progressive Planning, obtaining operational feedback for concept refinement, and identifying the operational and technical issues that must be addressed prior to implementation of this concept.  

Overall status:  An initial Progressive Planning Operational Concept has been developed.   In November 2002, this initial concept was reviewed with Traffic Managers.  

Next steps: The Progressive Planning Concept will be updated with feedback received from Traffic Managers, and operational and technical issues will be identified.

Process status:  Concept Exploration

Schedule: An initial Progressive Planning operational concept will be delivered to the FAA by July 31, 2003.  Concept evaluation should be completed by September 2004. Concept development should be completed by September 2006.

Needed changes to the TFM Capabilities Matrix:  Combine task areas 5.2 and 5.3 using this new write-up which includes all information included in the old version of 5.3.

Issues: None.
6.0
 TFM VISION/EVOLUTION

Research Organization: AUATAC

Current Phase: CE

Description: This activity assures that R&D threads to improve TFM performance are initiated with advanced research, contribute to valid operational concepts, and are allocated according to their contribution to outcome metrics.  The activity realizes the collaborative approach through organizing and maintaining teams for Theory/Research-Plan, Conops/Integration, and Metrics/Architecture for the improvement of the TFM functions of Air Traffic Management (ATM) and their interface to other ATM functions.  The collaborative Teams, of the R&D participants, produce coordinative documents on the three topics, incorporate the contents in their work and disseminate the documents to related ATM development activities (e.g., the ERAM/TFM-M inter-IPT coordination).  AUA-740 funding supports the participation by team members associated with projects in this matrix, but other activities are also leveraged through project coordination and the identification of innovative research applications (e.g., for NEXTOR grant research and activities of national research laboratories).  The theory activity establishes a formal basis for ATM as an adaptive, self-organizing scale hierarchy that implements Collaborative Decision Making (CDM) through coordinated, concurrent agent decision making.  The theory is the formal framework for initiating research tasks and those tasks will contribute to the theory.  Continuity between research and development will be assured by evolutionary-development approaches that maintain a concept of operations (conops) as the leading document of the system engineering process.  The metrics activity will create initial functional models of TFM concept systems and allocate outcome benefits to components.  This results in a system architecture and allocation of resources to the most beneficial improvements, all the way from research to deployment.  This activity supports AUA-700 in its contributions to the integrated-domain visions/conops being undertaken in FAA, and will be the organizing and evaluative framework for the projects administered under the TFM Review Board of AUA-740. 

Overall status:  This activity was initiated in early FY 03.  It is proceeding according to the intended schedule.  Most of the relevant R&D agents have been briefed on the activity and convened in a workshop in June, 03.

Next steps:  Activation of the theory/research collaboration.  Completion of process and motivating document for the conops collaboration. 

Process status: Concept Exploration (although this category only partially captures the span of the activity)

Schedule: TFM Vision/Evolution:

1. 3/03 Complete coordination briefings to R&D participants.

2. Summer /03, Team workshop and completion of three Team organizing tasks.

3. Fall 03, Develop Detailed Plan

Needed changes to the TFM Capabilities Matrix:  The TFM Vision/Evolution task has been added the matrix.

Issues:  Of the three sub-activities planned—theory/research, conops/integration and metric/architecture—only the first can be reasonably conducted under the resources currently allocated.  AUA-740 decision is needed to prioritize and allocate resources.  Relating the conops/integration activity to imminent ERAM/TFM-M acquisitions is urgent.  Also, the leading research being promoted under the task is directly related to the current FAA initiative for the “Next NAS” and upward coordination is needed from AUA-740 to connect to the larger FAA initiative.

APPENDIX II

The TFM Capabilities Readiness Matrix is contained in file “TFM Capability Readiness (V11).xls”. 

APPENDIX III

The TFM R&D Project Schedule is contained in file “R&D Schedule (v2).mpp”.

Note: The file version numbers (v “n”) at the time of this publication is listed in the file titles referenced above.  However, Appendix I-III will be updated as required (typically after a TRB) and the version number updated.  Contact AUA-740 for the latest version of each file or visit the TRB web site at http://ksn-team.faa.gov/AUA-700/AUA-740/TRB/.

Note: User login and passwords to access the site are available from AUA-740.
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