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Presentation Outline

• Airline Based En Route Sequencing and Spacing (ABESS)
• Comparison of En Route Control Modesp
• Cruise Speed Advisory Generation Algorithm
• Prediction Accuracy and Error Sources
• Modeling of Accuracy Requirementsg y q
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Airline Based En Route Sequencing and Spacing

Source: Mitre/CAASD and ABESS Working Group
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Background

• How did Mosaic ATM get involved in the ABESS effort?
– Through previous and current FAA-contracted effort, Mosaic ATM g p ,

developed and deployed the Surface Management System (SMS) for 
operational use by UPS

– UPS now has 
i t l 200approximately 200 

workstations configured 
and over 50 users trained 
for use of SMS in 
Louisville

– UPS uses SMS for ramp 
management and 
di h i 24 7dispatch operations 24x7

– Mosaic ATM continues to 
provides support for SMS 
to UPS
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to UPS



SMS Role in ABESS Program
• The AOC Needs an Interface for Computing and 

Assigning Cruise Speed for Flights
– UPS Dispatchers Already Familiar with SMS
– Required Data Sources Available (or Easily Added)Required Data Sources Available (or Easily Added)
– Desire to Reduce Number of Different 

Systems/Displays in AOC

• Additional Benefits/Opportunities:• Additional Benefits/Opportunities:
– Using the Surface Data Available in SMS, 

Better Strategic Decisions can be Made
– Ideal Procedure:

CDA P i d ith R E h• CDAs are Paired with Runway – Each 
CDA Feeds One Runway

• Assign Flights to Continuous Descent 
Approach (CDA) Procedure
Ch Fli ht d CDA B d R• Choose Flight and CDA Based on Runway 
Utilization and Parking Gate Location

– Maximize Use of Runway Capacity, and
– Minimize Airport Surface Taxi Times and 

Surface Congestion
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Surface Congestion



Objectives

• Objectives of ABESS Procedures
– Sequence and Stage Arrival Flights for Flight Deck Merging and q g g g g g

Spacing (FDMS) Procedures

• Objectives of the ABESS Project
– Evaluate and Identify the Performance Requirements for the ABESS 

Function
– Perform Operational Evaluation of the ABESS and FDMS Concepts
– Obtain Benefits Data from Operational Trials of ABESS and FDMS
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Nominal Process Flow
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ZAB

– Look for “bunching” of flights (spatially) with “close” ETAs at merge fix
– Try to send speeds as early as feasible (after Top of Climb)

• Define nominal sequence based on:
– ETA at merge fixg
– Current relative position and route

• Manually tweak sequence as desired
• Generate cruise speed constraint advisories w.r.t. separation constraint
• Enter “desired” Mach number(s) into table
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Enter desired  Mach number(s) into table
• Send “desired” Mach number(s) to individual aircraft



ABESS Tool Overview
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ABESS Tool Overview
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Comparison of En Route Control Modes

• Two En Route Control Modes:
– Required Time of Arrival Assigned at Downstream Fix (RTA)

• An Absolute Time Assigned as the RTA
– Relative Spacing or Relative Speed Assigned (Relative)

• Computed to Meet Required Spacing at Downstream Location

• RTA Control Mode:
– Flights Can be Controlled Independently to Meet RTAs
– With Sufficient Compliance Accuracy, Required Spacing is MetWith Sufficient Compliance Accuracy, Required Spacing is Met
– Disadvantage: RTAs May Contain Unnecessary Delay due to Prediction Errors

• Relative Control Mode:
– Spacing is Achieved, but Assigned Arrival Time is Flexible
– Flights can Speed Up to Achieve Earlier Arrival Time
– Disadvantage: Dependence on Relative Control can Cause Negative Feedback 

and Divergence
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and Divergence



ABESS Tool – Core Modeling

• Based on “noise” or natural variation of ETA as a function of Mach number 
propagated by TMA
– Each update, TMA estimates airspeed (based on radar update)
– TMA propagates airspeed to create future trajectory and time of arrival 

at downstream points along flight plan
• Periodically query TMA database to get trajectory updates
• Create a polynomial fit to a set of ETA = f(Mach) measurements

– Only add point if “sufficient” Mach variation
– Estimate slope:  dETA/dMach
– Weighted to favor most recent samples

• Utilize dETA/dMach:
– as means for extrapolating effect of cruise speed changes on predicted 

separation, and
– to remove ETA instability due to noisy cruise speed estimation
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Ideal Variation in Slope as f(Dist)
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Time History – Slope vs. Mach (UPS895)
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Cruise Speed Advisory Generation Algorithm

• Assume Target Spacing at Merge Fix Provided: e.g. 150 seconds
• Assume ABESS Operator Assigns Cruise Speed for Leading Flightp g p g g
• Algorithm:

– For Each Subsequent Flight in Sequence
• Find Target Merge Fix Crossing Timeg g g

– Previous Flight Target Time + Target Spacing
• Use Current dETA/dMach Line to Find Necessary Mach Speed to 

Meet Target Merge Fix Crossing Time
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Examine ETA prediction error = f(dist)
Ensemble statistics – 11 flights, 18 Nov, ENL
Can we identify when error is “sufficiently small” to 
allow for action?

ETA generally predictedETA generally predicted 
early further out
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Trajectory Prediction Error Sources

• Open Loop Prediction
– No Ability to Control the Flight – just Predicting its Arrivaly g j g
– Error Sources

• Surveillance Error
• Route and Altitude Error
• Wind Error
• Flight Speed Error

• Closed Loop Prediction
– Speed Control Available to Control Arrival Time
– Error Sourceso Sou ces

• Surveillance Error
• Route and Altitude Error
• Wind Error
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Wind Error
• Flight Speed Adherence Error



Accuracy Requirements Analysis – 2 Flights
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Allowable Speed Adjustment Range is 0.08 Mach
Prediction Error Standard Deviation at 500 nm is 50% of the Standard Deviation at 1000 nm
Prediction Errors are Uncorrelated



Accuracy Requirements Analysis – Multiple Flights
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FDMS Convergence Angle is 45 degrees



Conclusions and Next Steps

• Based on the Current Assumptions, FDMS Staging Failure is Likely for 
Multiple Flights
– Assumptions Need to be Reviewed and Validated
– Additional Modeling Recommended with Revised Assumptions

• Can ‘Hedging’ of Cruise Speed Advisories Improve Performance?
– Probabilistic Selection of Smaller Cruise Speed Adjustment Earlier in 

Flight
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