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Overview
• Introduction

– W. Clifton Baldwin, CSEP
– Jessica E. Rhodes

• Study 
– Handoff Events
– Flight Example
– Potential Automation Approaches

• Results
• Conclusion
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Introduction

• En Route Automation Modernization 
(ERAM)
– Automation Metrics Test Working Group

• Flight Data Processor-related metrics
– This study related to a question regarding 

automating the initialization of handoff between 
sectors
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Initialization of Handoff

Initialize to B
(Recorded Request) Handoff to B

(Accepted)

Physically 
cross  to B

Presenter
Presentation Notes
	Prior to an aircraft entering a new controlling sector, an air traffic controller of this new sector must have navigational control of the aircraft.  For this to occur, the aircraft must initialize contact with the controller, and handoff control from the current controller to the new controller.  Only after these two events occur, the aircraft is allowed to cross the physical boundary into a new control sector.  This sequence of events has been classified as an Ideal Event.  Analysis of the flight data suggests this scenario occurs in 6324 out of the 7427 valid boundary crossings. 
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The Study

• Handoff Events
– Initialization of Handoff (request) currently manual 
– Handoff (acceptance) required to be manual
– Can initialization be automated to reduce controller 

workload?
• Auto-Init metrics

– Prediction of next sector to initialize handoff
– When should the Init (request) occur
– Accuracy of predictions at time of Init
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Data Set

• Actual flight data taken from Washington Center on 
March 17, 2005
– 7,674 potential controlling sector changes found

• Included 230 incomplete observations and unidentifiable 
boundaries

• Data was analyzed to examine Initialization and 
Handoff events
– 7,444 sector changes could be identified

• 5 types of events (517 observations) were rejected
– 6,927 valid crossing events in final dataset

• 6 types of events could be analyzed

Presenter
Presentation Notes
Control Sector Changes: 7674,   Valid Boundaries = 7444

All Scenarios Found So Far: 6927

Ideal: 6143

No Handoffs: 62

Late Handoff w/o INIT: 7

Cross Hand same time (Early Handoffs) = 12

Couldn't Find Boundaries for: 341

Late Handoffs: 8

Reverse Order Scenario: 14

False Init Scenario: 120

No Init Scenarios: 363

point out: 424

look ahead: 167

skipping: 35

Multiple: 36

Not Marked 2
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Ideal Handoff Event

Presenter
Presentation Notes
	Prior to an aircraft entering a new controlling sector, an air traffic controller of this new sector must have navigational control of the aircraft.  For this to occur, the aircraft must initialize contact with the controller, and handoff control from the current controller to the new controller.  Only after these two events occur, the aircraft is allowed to cross the physical boundary into a new control sector.  This sequence of events has been classified as an Ideal Event.  Analysis of the flight data suggests this scenario occurs in 6324 out of the 7427 valid boundary crossings. 
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Look Ahead Event (Acceptable)

Presenter
Presentation Notes
	In this flight crossing event, the Look Ahead Event, an aircraft will deal with three different control sectors in the time between the first init and boundary crossing.  This event is similar to that of a Point-Out Event, except where Point-Outs have no inits or handoffs, all 233 instances of this event does indeed have these.  Referring to the diagram of this event, for the aircraft’s ultimate goal of reaching sector 14, it must cross through sector 23.  In the time between the handoff and boundary crossing to sector 23, the aircraft initializes and handoffs to sector 14.  Effectively the aircraft is controlled by sector 14 throughout it’s trip through sector 23, as well as its’ entry into sector 14. 
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No Init Event (Discarded)

Presenter
Presentation Notes
This slide is an example of one of the five discarded handoff events.  In this case the initialization was not recorded.
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Sector Crossing Events

Count Percent

Acceptable 6,927 93.0%

Discarded 517 7.0%
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Flight Example

• Jet flying from Florida to Ohio

• Control is handed off from sector 38 to 
sector 16

• Point-out event where flight briefly enters 
sector 36 before entering sector 16

• Trajectory prediction is incorrect
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Flight Example
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Presenter
Presentation Notes
Describe flight plan, trajectory, and actual flight path.
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Flight Example
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Prediction of Next Sector

• Converted route (flight plan) from existing 
air traffic Decision Support Tool (URET)

• Aircraft’s 4-dimensional trajectory

• Therefore, Flight Plan vs. Trajectory

Presenter
Presentation Notes
After analyzing the operational data, we needed to determine what sector will be handed the aircraft next.  We found that this sector may differ from the physical location of the aircraft in certain circumstances.
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Determination of Initialization

• Operational point of initialization

• Set distance threshold for initialization
– Speed of aircraft resulted in different initialization 

times
– Observations were categorized by engine type

• Jets (34.5 nm)
• Turboprops (23.5 nm)
• Piston (20.0 nm)

Presenter
Presentation Notes
The acceptable sector boundary-crossing events consisted of 6,306 jet crossings, 439 turboprop crossings, 107 piston crossings, and 75 unidentifiable engine categories (which means the identifying data was missing)





The median distance from initialization to handoff of jets was found to be 34.5 nautical miles, of piston aircraft was 20.0 nm, and of turboprops was 23.5 nm.



The median time between handoff-init and the sector boundary was 280 seconds for jets, 330 seconds for turboprops, and 425 seconds for piston aircraft.  
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Prediction Results

Count Percent
Flight Plan 3,599 64.9%
Trajectory 3,948 71.2%

Count Percent
Flight Plan 4,059 73.7%
Trajectory 4,339 78.5%

Operational

Operational

Predicted Distance

Trajectory 
Miss

Trajectory 
Predicted

Flight Plan 
Miss

25.5% 9.5%

Flight Plan 
Predicted

3.2% 61.7%

Trajectory 
Miss

Trajectory 
Predicted

Flight Plan 
Miss

15.7% 8.6%

Flight Plan 
Predicted

5.4% 70.3%

Predicted Distance
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Conclusions

• Flight Plan prediction versus 4-D Aircraft 
Trajectory prediction

• Operational point of initialization versus set 
distance point of initialization

• 93% of sample events were valid
• Highest prediction rate

– 4-D Trajectory
– Set distance

• 78.5% success
• Therefore 73% accurate across all sample events
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Contact Information

• W. Clifton Baldwin, CSEP
– US Federal Aviation Administration 

• Systems Engineering

– Clifton.Baldwin@faa.gov
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