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DAG CE.6 - Trajectory Negotiation for User-preferred Separation Assurance

Overview Description

CE-6 operates in en route airspace to increase system flexibility and user preference accommodation through use of ATSP-user trajectory negotiation, augmented by advanced airborne and ground-based decision support automation. The two problems solved by CE-6 address complementary situations that require:

(a) Resolution of potential conflicts due to violations of aircraft minimum separation rules

(b) Conformance with local TFM constraints 

Situation “a” is the case in which trajectory negotiation is used to resolve potential aircraft conflicts in the absence of local TFM constraints. Situation “b” is the case in which trajectory negotiation is used to provide conformance with TFM constraints, but this conformance must also satisfy aircraft minimum separation requirements. Both situations may occur simultaneously, or situation “a” may occur in isolation from the other. 

The approach taken by CE-6 is to implement the general capability to resolve simultaneous potential violations of aircraft separation and local TFM constraints. CE-6 is designed to provide all the functions, processes, procedures and facilities to implement the general solution to the union of both situations. CE-6 enables the resolution of isolated potential aircraft conflicts as a sub-capability in which trajectory negotiation is simplified by the exclusion of TFM constraint factors.  

Overview

CE-6 provides an ATSP focus for implementing en route trajectory negotiation within the framework of distributed decision-making between ATS users and providers. ATSP retains full responsibility for separation assurance, but users are integrated into the solution processes. Users are able to exercise initiatives and participate in the en route traffic management decision-making processes pertaining to the prevention of violations to aircraft separation and local TFM constraints. CE-6 provides the mechanisms for dynamically incorporating user-determined trajectory data and preferences into the assessment and the resolution or avoidance of potential violations. These mechanisms include processes for exchanging information, identifying and evaluating complex traffic situations, and determining and implementing solutions. 

The trajectory negotiation process implemented in CE-6 identifies, reviews and resolves traffic management situations requiring corrective or approval action with respect to potential violations of aircraft separation and local TFM constraints.  This process emphasizes the use of continual updates of flight and atmospheric information together with advanced decision support tools to support high-fidelity trajectory prediction and situation assessment and real-time collaboration between users and ATSP. This approach: enables the ATSP, FD and AOC operations to accurately assess situations and formulate resolution options; affords ATSP the opportunity to present information to users describing traffic situation and trajectory constraints; affords users the opportunity to present self-optimization preferences for ATSP consideration; and promotes the application of resolutions that are sensitive to user preferences. The resulting ATSP flexibility in determining airspace use allows aircraft to fly efficient trajectories based on the changing traffic and atmospheric conditions.

For effective trajectory negotiation, CE-6 requires development of advanced ATSP, FD and AOC automation, and their operational and technical integration based on advanced communications capabilities and human-centered pilot and controller pilot procedures and technologies. These functions must be properly structured and integrated to enable users and ATSP to evaluate traffic situations accurately and determine and implement optimal courses of action. The operational integration focuses on the establishment of human-centered processes and interfaces for using the computer-derived information cooperatively among ATSP, FD and AOC to make the best use of trajectory negotiation. The technical integration focuses on derivation, transmission and compilation of valid flight data for use by computerized systems to evaluate and predict actual trajectories, identify and examine constraints and generate trajectory alternatives with high accuracy. 

Operational Integration

CE-6 implements trajectory negotiation by providing ATSP and users with the means for exchanging potential conflict, TFM constraint and trajectory information to improve their situation assessment and planning processes. User-provided data enable ATSP automation to predict and evaluate trajectories accurately, and AOC-provided data enable users to determine appropriate trajectory preferences: 

· AOC provides user flight operations and aircraft performance descriptors to ATSP, and FD provides updates of trajectory status, intent, preference and atmospheric measurements to ATSP. This information is integrated into the ATSP surveillance, flight data and associated computational processes to enhance decision support tool performance. 

· ATSP provides the users with atmospheric forecasts and local TFM constraints such as required time of arrival (RTA), altitude, speed or spacing restrictions, route restrictions due to special use airspace, weather or sector traffic congestion, and airport acceptance rates and delays.

· ATSP provides users with information describing potential violations of aircraft separation and TFM constraints, and may provide information describing ATSP-generated trajectory resolution alternatives or restrictions applicable to user-generated resolutions.

These data exchange and trajectory evaluation exercises enable ATSP and users to determine and negotiate clearances that provide efficient resolutions of potential violations of aircraft separation and TFM constraints or permit efficient trajectory changes in response to user requests.

The CE-6 operation employs a human-centered operational design that leverages the advanced capabilities of the automation, pilot and controller computer-human interface (CHI), and communication, navigation and surveillance (CNS) functions available in the DAG environment. A key component of these functions is improved trajectory prediction and assessment, which enables extended probing along the projected trajectory to perform aircraft CD&R and TFM constraint infraction detection and resolution. A theoretically perfect CE-6 trajectory prediction and assessment function would support resolution of all potential violations along the entire trajectory prior to each aircraft’s entry into en route airspace. The theoretical limit of en route probing would be the implementation of user and ATSP-negotiated, violation-free 4-dimensional flight plans, which would eliminate potential conflicts while satisfying any local TFM constraints. Delays and diversions from the negotiated flight plan would be precluded in this theoretically perfect operation.

In the realistic environment of CE-6, trajectory prediction and assessment is not perfect and its accuracy diminishes with longer look-ahead. However, trajectory analysis in the DAG environment would be superior to that of current operations, and CE-6 trajectory accuracy would support reliable aircraft CD&R and local TFM constraint probing well beyond the scope defined by current sector sizing practices. Hence, CE-6 implements trajectory negotiation for airspace that currently would be a multi-sector environment such that ATSP evaluates aircraft separation and local TFM requirements over an extended downstream look-ahead span. Trajectory negotiation is used to establish a reliable violation-free plan for the effective range of the aircraft CD&R and TFM constraint probe. Notionally, ATSP monitors the flight along a previously negotiated trajectory and would not intervene except when or until a violation is projected. 

This control-by-exception operation is based on a trajectory-centric, rather than sector-centric, concept for distributing separation assurance responsibility. Theoretically, a trajectory-orientated ATSP operation might be established without sectorization in a futuristic environment. However, for planning purposes based on practical considerations, CE-6 is assumed to operate in a sector structure similar to that currently employed. In this operation, the probe examines aircraft separation and local TFM constraints in the multi-sector airspace that includes the current and downstream sectors. Negotiation is used to agree on a violation-free trajectory plan for this extended range, alleviating requirements for subsequent downstream intervention.

The CE-6 controller and pilot operating procedures and associated CHI are designed to support trajectory negotiation and dissemination of constraint information for single and multi-sector coverage. ATSP data entry and display, decision support tool and communication systems are structured to facilitate detection and assessment of potential violations and their resolution through ATSP-user negotiation and inter-controller coordination. The CHI allows for the handling of a range of complex potential violation or constraint conformance situations. The aircraft involved in a potential violation may be in the same sector as each other at the time of negotiation or in different sectors, and the location of the potential violation may be the sector containing one or more of the subject aircraft or a downstream sector. Trajectory constraint specifications may pertain to a single reference fix and control parameter, or a sequence of fixes and combinations of parameters defining crossing time, spacing, speed, altitude or other traffic management requirements. 

Controllers are provided with capabilities to define a trajectory solution or solution options, and to test, evaluate, bound, accept, adjust or reject trajectory options generated by ATSP automation tools and user-generated trajectory change requests. Pilots are provided with capabilities to assess, bound, accept, or reject FD or AOC-generated trajectory change requests and ATSP-generated trajectory resolutions. Dispatchers have analogous capabilities. Controllers, pilots and dispatchers are able to respond to each other’s trajectory plans as part of the process of achieving consensus. 

Technical Integration

The CE-6 operation is enabled by advanced ATSP, FD and AOC automation coupled with advanced CNS technology. These technologies provide the mechanisms for reliably determining and describing the attributes, state and intent of aircraft and the air traffic system, accurately evaluating aircraft separation and TFM constraint factors, correctly determining trajectory options and preferences, and effectively performing trajectory negotiation.  A critical technical integration component is an air-ground and ground-ground data link system, which enables the efficient exchange of data among ATSP, FD and AOC. 

Automation tools are used in CE-6 to assist controllers, pilots and dispatchers in conducting aircraft separation and local TFM constraint conformance tasks. These automation tools perform trajectory prediction and assessment calculations using highly-accurate information describing aircraft operating characteristics, traffic, TFM constrains, and atmospheric conditions. Data link enables the automatic exchange of calibration data describing aircraft and system attributes, and facilitates exchange of trajectory negotiation data between ATSP and users. 

Calibration information are transmitted between ATSP and user computer operations using automated data link capabilities. These messages contain information used by ATSP, FD and AOC automation to perform high-fidelity modeling of trajectories, traffic situations and atmospheric conditions. Calibration data describe flight operations and aircraft performance factors, aircraft state and trajectory intent, and atmospheric measurements and forecasts. 

Negotiation transactions between controllers, pilots or dispatchers include trajectory preference and preference interrogation, trajectory change request, trajectory constraint, trajectory trial plan and clearance, and acceptance and rejection messages.

ATSP decision support tools and surveillance functions are critical CE-6 components. Trajectory prediction and assessment automation functions assimilate calibration and appropriate negotiation data, evaluate aircraft separation and local TFM constraint conformance factors, generate and assess trial plan options where necessary, and provide controller interface capabilities for conducting trajectory negotiation with users. ATSP automation also processes and transmits atmospheric forecasts by data link. The ATSP surveillance system provides traffic situation data. User-derived aircraft status and intent data is fused with ATSP radar track data to provide the surveillance accuracy required for reliable trajectory prediction and assessment computations. 

Flight deck avionics systems are integrated into the CE-6 operation. Aircraft flight management systems (FMSs) process calibration and negotiation data. Advanced FMS units generate aircraft status, trajectory intent and atmospheric measurement information for air-ground down linking. FMSs also generate trajectory preference and restriction data, and provide pilot interface capabilities for conducting trajectory negotiation with ATSP. The accuracy of the status and intent data and the capability to maintain trajectory clearance conformance depend on the performance levels of the navigation and guidance systems onboard aircraft.

AOCs generate flight plan and operations data that are used in ATSP and FMS trajectory prediction and assessment computations. AOC decision support tools provide dispatcher interface capabilities for conducting trajectory negotiation with ATSP by ground-ground data link and with pilots by air-ground data link.

BIBLIOGRAPHY

1. Couluris, G. J., Detailed Description for CE-6, En route Trajectory Negotiation, Seagull Technology, Inc., November 2000.

2. Advanced Air Transportation Technologies (AATT) Project, “Concept Definition for Distributed Air/Ground Traffic Management (DAG-TM),” Version 1.0, NASA, Aviation System Capacity Program, September 30, 1999.

3. Advanced Air Transportation Technologies (AATT) Project, “Research Plan for Distributed Air/Ground Traffic Management (DAG-TM),” Version 1.01, NASA, Aviation System Capacity Program, September 30, 1999.

4. Advanced Air Transportation Technologies (AATT) Project, NASA, Aviation System Capacity Program, “ATM Concept Definition,” Version 1.0, NASA Ames Research Center, October 1997.

5. Ballin, Mark G.; Wing, David J.; Hughes, Monica F.; and Conway, Sheila R.: Airborne Separation Assurance and Traffic Management: Research of Concepts and Technology. AIAA-99-3989, August 1999.

6. Bilimoria, K., Communication, EDX Phase 2 Data Prioritization meeting, NASA Ames Research Center, Moffett Field, CA, June 30, 1998.

7. Carlson, L. and Rhodes, L., “Operational Concept for Traffic Management Collaborative Routing Coordination Tools,” the MITRE Corporation, Center for Advanced Aviation System Development, McLean, VA, MP 98W0000106, July 1998.

8. Cole, R., Green, S., Schwartz, B., Benjamin, S., “Wind Prediction Accuracy for Air Traffic Management Decision Support Tools,” 3rd USA/Europe Air Traffic Management R&D Seminar, Napoli, June 2000.

9. Coppenbarger, R., “En Route Data Exchange Phase 2 Field Evaluation, CTAS Software Requirements, Version 2.0,” January 2000.

10. Coppenbarger, R., “En-Route Climb Trajectory Prediction Enhancement Using Airline Flight-Planning Information,” AIAA-99-4147, AIAA Guidance, Navigation, and Control Conference, August 1999.

11. Coppenbarger, R., and Salcido, R., “En route Climb Trajectory Prediction Enhancement Using Airline Flight Planning Information,” AIAA Paper No. 99-4147, August 1999.

12. Couluris, G. J., Weidner, T., Sorensen, J. A., “Initial Air Traffic Management (ATM) Enhancement Potential Benefits Analysis,” TM 96151-01, Seagull Technology, Inc., September 1996.

13. Couluris, G.J., Weidner, T., and Sorensen, J.A., “Final Approach Enhancement and Descent Trajectory Negotiation Potential Benefits Analysis,” TM 97142-02, Seagull Technology, Inc., July 1997.

14. Datta, K., and Barrington, C., “Effects of Special Use Airspace on Economic Benefits of Direct Flights,” Sverdrup contractor report to NASA’s AATT project, 1996.

15. Davidson, T. G., Birtcil, L., Green, S., “Comparison of CTAS/EDA and FMS Time-of-Arrival Control Strategies,” AIAA 99-4230, AIAA Guidance, Navigation and Control Conference, August 1999. 

16. Davidson, T.G., Birtcil, L., “Comparison of Fuel Optimal, CTAS and FMS Time-of-Arrival Control Strategies for MD-80 Aircraft Trajectories,” TM 98178-02, Seagull Technology, Inc., September 1998.

17. Davidson, T.G., Birtcil, L., “Comparison of Fuel Optimal, CTAS and FMS Time-of-Arrival Control Strategies for B-747 Aircraft Trajectories,” TM 98178-03, Seagull Technology, Inc., September 1998.

18. Davidson, T.G., Birtcil, L., “Sector Tools Descent Advisor Potential Benefits Analysis,” TR98-154-0, Seagull Technology, Inc., April 1998 (draft).

19. Davidson, T.G., Weidner, T., Birtcil, L., “En Route/Descent Advisor Potential Benefits Assessment,” TM 98175.6-01, December 1998.

20. Eurocontrol Experimental Centre, “Study of the Acquisition of Data from Aircraft Operators to Aid Trajectory Prediction Calculation,” EEC Note No. 18/98, EEC Task R23, EATCHIP Task ODP.ET5.ST03, September 1998.

21. FAA, “Concept of Operations for the National Airspace System in 2005,” Revision 1.3, June 1997.

22. FAA/CAASD TFM Architecture and Requirements Team (TFM-ART) reports: 1) Operational Description, 2) Functional Decomposition, and 3) System Architecture, 1993.

23. Favennec, B., Salembier, P., “ESCAPADE:  Display of Downlinked Aircraft Parameters,” 2nd USA/Europe ATM R&D Seminar, December 1998.  

24. FMS-ATM Next Generation (FANG) Team, “FMS-ATM Next Generation (FANG) Operational Concept, Version 2.0” DOT/FAA/AND-98-12, FAA, November 1998.

25. FMS-ATM Next Generation (FANG) Team, “FMS-ATM Next Generation (FANG) Required Capabilities,” DOT/FAA/AND-98-13, FAA, November 1998.

26. Green, S., “AATT Concept for Constrained En route Airspace,” NASA AATT Milestone 5.11, NASA Ames Research Center, September 1999.

27. Green, S., “En route Spacing Tool: Efficient Conflict-free Spacing to Flow Restricted Airspace,” 3rd USA/Europe Air Traffic Management R&D Seminar, Napoli, June 2000.

28. Green, S., den Braven, W., and Williams, D., “Development and Evaluation of a Profile Negotiation Process for Integrating Aircraft and Air Traffic Control Automation,” NASA TM 4360, April 1993.

29. Green, S., Goka, T., and Williams, D., “Enabling User Preferences through Data Exchange,” AIAA-97-3682, AIAA Guidance, Navigation, and Control Conference, August 1997.

30. Green, S., Grace, M., “Conflict-free Planning for En Route Spacing: A Concept for Integrating Conflict Probe and Miles-in-Trail,” AIAA-99-3988 AIAA Guidance, Navigation, and Control Conference, August 1999.

31. Green, S., Vivona, R., “AATT En route Descent Advisor (EDA) Concept,” NASA AATT Milestone 5.10, NASA Ames Research Center, September 30, 1999.

32. Green, S., Vivona, R., “Field Evaluation of Descent Advisor Trajectory Prediction Accuracy,” AIAA-96-3764, AIAA Guidance, Navigation, and Control Conference, July 1996.

33. Green, S., Vivona, R., Grace, M., and Fang, T., “Field Evaluation of Descent Advisor Trajectory Prediction Accuracy for En Route Clearance Advisories,” AIAA-98-4479, AIAA Guidance, Navigation, and Control Conference, August 1998.

34. Heimerman, Kathryn, “Proceedings of the First FAA Dynamic Density / Air Traffic Control Complexity Technical Exchange Meeting, November 1997,” the MITRE Corporation, Center for Advanced Aviation System Development, McLean, VA, MP 98W0000015, November 1998.

35. Honeywell, Inc., “Documentation for En Route Data Exchange (EDX) Phase 2 AMI,” NASA Contract No. NAS2-98001, RTO 25, October 1999.

36. Leiden, K., Green, S., “Trajectory Orientation: A Technology-Enabled Concept Requiring a Shift in Controller Roles and Responsibilities,” 3rd USA/Europe Air Traffic Management R&D Seminar, Napoli, Italy, June 2000.

37. NASA, “NASA Strategic Plan,” NASA Policy Directive (NPD)-1000.1, 1998.

38. RTCA, "Operational Concepts and Data Elements Required to Improve Air Traffic Management (ATM)-Aeronautical Operational Control (AOC) Ground-Ground Information Exchange to Facilitate Collaborative Decision Making," Document No. RTCA/DO-241, RTCA SC-169 (7 October 1997)

39. Schleicher, D., Weidner, T., “NASA/FAA Initial User-CTAS Data Exchange Field Evaluation, Initial Project Plan,” TM 98178-01, Seagull Technology, Inc., September 1998.

40. Schleicher, D., Weidner, T., Coppenbarger, R.,  “En Route Data Exchange Phase 2 Field Evaluation, CTAS Software Requirements, Version 1.0,” TM 99185.01-02, Seagull Technology, Inc., February 1999.

41. Schleicher, D., Weidner, T., Coppenbarger, R., “NASA/FAA Initial User-CTAS Data Exchange (EDX Phase 2) Field Evaluation, Project Plan,” TM 98185.01-01, Seagull Technology, Inc., February 1999.

42. Select Committee on Free Flight Implementation, “Joint Government/Industry Operational Concept for the Evolution of Free Flight,” RTCA Inc., August 1997.

43. Sridhar, B., Seth, K., and Grabbe, S, “Airspace Complexity and its Application in Air Traffic Management,” 2nd USA/Europe Air Traffic Management R&D Seminar, Orlando, Florida, December 1998.

44. Thedford, W.; Vivona, R.; and Hodgdon, C.: En route Constrained Airspace Concept Definition. SRC final report, NASA Contract: RTO-07: NAS2-980005, September 1999.

45. Vivona, R., Ballin, M., Green, S., Bach, R., McNally, D., “A System Concept for Facilitating User Preferences n En Route Airspace,” NASA Technical Memorandum 4763, November 1996.

46. Wanke, Craig, “Using Air-Ground Data Link and Operator-Provided Planning Data to Improve ATM Decision Support System Performance,” IEEE 0-7803-4150-3/97, March 1997.

47. Weidner, J., Davidson, T.G., Birtcil, L., “Potential Benefits of User Preferred Descent Speed Profile,” Seagull Technology, Inc., Report 00188.26-02, July 2000
48. Weidner, J., Davidson, T.G., Dorsky, D., “En Route Descent Advisor (EDA) and En Route Data Exchange (EDX) ATM Interruption Benefits,” Seagull Technology, Inc., Report 00188.26-01, July 2000

49. Weidner, J., Green, S., “Modeling ATM Automation Metering Conformance Benefits,” 3rd USA/Europe Air Traffic Management R&D Seminar, Napoli, June 2000.

50. Weidner, J., Mueller, T., “Comprehensive Benefits Assessment of En Route Data Exchange (EDX),” Seagull Technology, Inc., Report 00188.27-01, July 2000

51. Weidner, T., Couluris, G. J., Sorensen, J. A., “Initial Data Link Enhancement to CTAS Build 2 Potential Benefits Analysis,” TM 98151-01, FAA Prime Contract No. DTFA01-96-Y-01009, Seagull Technology, Inc., June 1998.

52. Weidner, T., Davidson, T.G., “Fuel-Related Benefits Analysis of En Route Data Exchange,” TM 98175.9-01, Seagull Technology, Inc., December 1998.

53. Williams, D.H., and Green, S.M., “Airborne Four-Dimensional Flight Management in a Time-Based Air Traffic Control Environment,” NASA TM 4269, March 1991.

54. Williams, D.H., Green, S.M., “Pilot Simulation of an Air-Ground Profile Negotiation Process in a Time-Based air Traffic Control Environment,” NASA Technical Memorandum 107748, April 1993.

55. Williams, D.H., Green, S.M., “Flight Evaluation or the Center/TRACON Automation System Trajectory Prediction Process,” NASA/TP-1998-208439, July 1998.

56. Williams, D.H., Green, S.M., den Braven, W., Arbuckle, P.D., “Profile Negotiation: An Air/Ground Automation Integration Concept for Managing Arrival Traffic,” AGARD Guidance and Control Panel 56th Symposium on Machine Intelligence in Air Traffic Management, Berlin, Germany, May 1993.
