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Motivation for N90 Workshop

• NASA predictive engine developed to support Sustainable Flight National
Partnership Ops 1 (SFNP Ops-1) demo in North TX and Houston area

• SFNP Ops-1 is demonstrating pre-departure TOS reroutes within the
lockout period which require ATC coordination

• Demonstration of use cases that require ATC coordination is constrained
to specific locations agreed upon between NASA/FAA/NATCA

• N90 workshop to explore use cases of predictive engine that don’t
require ATC coordination
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N90 Workshop Potential Use Cases

• Flight plan filing outside the lockout period (predictable demand capacity
imbalance at the terminal boundary)

• Prediction of OFF time to support Mandatory OFF Time (MOT) decisions

• Prediction of arrival gate conflict

• Additional use cases identified during the workshop series…
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Objectives of N90 Workshop

• Identify and demonstrate additional use cases of predictive engine and
quantify associated benefits

• Identify improvements or new requirements needed for predictive engine
to support additional use cases

• Knowledge transfer to increase understanding of NASA’s predictive engine

• Knowledge transfer to better understand level of effort to build and
validate predictive engine at new location
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Data access services provide near real-
time data from Fuser (NTX only)
REST API returns an actual or predicted 
values

Real-time flight TOS reroute data
Coordination of reroute submissions
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TMI Flight Service
TTP (TFDM) feed Planned

TMIs by flight in selected airspaces
TFDM-like streaming feed 

Machine Learning Models 
for What-if applications

TFMS: Traffic Flow Management System
TFDM: Terminal Flight Data Manager

STARs: Standard Terminal Automation Replacement System
TBFM: Time-Based Flow Management

ERAM: En Route automation modernization OIS: Operational Information System
D-ATIS: Digital-Automatic Terminal Information Service

NASA Services Available via Digital Information Platform
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Terminal Scheduler
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Machine Learning Airport Surface Model

Predictive Engine = ML Models + Scheduler

• Machine Learning: generate unimpeded trajectory used as input by the scheduler 
• Scheduler: generate OFF prediction while enforcing constraints at terminal boundary and each airport surface



10
10

MLOps Architecture Supporting Real-time Deployment
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MLFlow Demo

Validation of ML Models
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KJFK Unimpeded Taxi-Out Models

MLFlow logging: identified missing gate data at KJFK
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KJFK Missing Gate Data

KJFK missing gate data spikes on particular days indicating technical issue
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KLGA Unimpeded Taxi-Out Models

MLFlow logging: identified missing actual spot crossing times at KLGA
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KLGA Missing Spot Crossing Time

KLGA missing spot crossing times indicate technical issue between 
October 2022 and February 2023
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Unimpeded AMA Taxi Out Models

KJFK KEWR KLGA

• “Truth” data collected by identifying aircraft which maintain AMA taxi above pre-defined threshold value
• ML models show improved performance compared to benchmark (average across terminal/runway group)
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Departure Runway Models

Accuracy ~ 96.2% Accuracy ~ 99.1% Accuracy ~ 99.4% 

Departure runway prediction mostly determined by D-ATIS configuration
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Arrival Runway Models

Accuracy ~ 87.6% Accuracy ~ 99.3% Accuracy ~ 97.6% 

• Arrival runway prediction is mostly determined by D-ATIS configuration
• With departure/arrival runway determined by current configuration, the focus shifts to configuration prediction
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Airport Configuration Models

KJFK KLGAKEWR

Configuration prediction shows improvement over baseline (predict current 
config) but more research is needed to understand model performance
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Config Prediction Accuracy at 3 Hour Lookahead

Predicted configuration values show diversity in predictions 
(not just predicting the most dominant configuration)
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Arrival Actual On Models

Actual ON prediction shows some bias as the flight approaches the 
ON event and requires additional investigation

KJFK KEWR KLGA
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NASA Scheduling 

• Center TRACON Automation System / Traffic Management Advisor* (CTAS/TMA/TBFM)

• Surface Management System (SMS)

• Final Approach Spacing Tool (FAST)

• Precision Departure Release Capability (PDRC)

• Spot and Runway Departure Advisor (SARDA)

• Terminal Sequencing and Scheduling* (TSAS)

• Integrated Arrival Departure Surface^ (IADS/TFDM)

* NASA software of the year
^ NASA first runner up software of the year
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Integrated Arrival Departure and Surface Scheduling
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Scheduling Algorithm
Predicted Runways

Predicted Unimpeded 
Take Off Time (UTOT)

Predicted Landing 
Time

Terminal Constraints

Scheduling Groups

ML Model Output

Estimated Take Off 
Time (ETOT)

Target Landing Time

Scheduler Output

Scheduler output provides prediction of OFF time and delay for departures accounting for: 
combined demand + surface constraints + terminal constraints

Predictive Engine = ML Models + Scheduler
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• Accuracy of
Estimated Take Off
Time (ETOT) is
measured as a
function of time prior
to the Actual Take Off
Time (ATOT)

• ETOT accuracy is
stored in a lookup
table and will be
used to calculate the
probability of delay
savings on the TOS
alternative routes

Estimated Take Off Time (ETOT) Accuracy
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Probability of Delay Savings on TOS Route
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N90 Timeline Demo

Performance Monitoring
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Timeline - KJFK
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Timeline - KEWR
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Timeline - KLGA
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Real-time ML Monitor Demo

Performance Monitoring
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Real time ML Monitor – TFMS ETD and ETOT Accuracy
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Real time ML Monitor – TFMS ETD and ETOT Accuracy
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Real time ML Monitor – TMI Summary
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Real time ML Monitor – TMI Summary
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Surface Traffic Monitor Demo

Performance Monitoring
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Real time NEC Monitor
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Real time NEC Monitor
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Daily Data Digest

Daily Data Digest (DDD) provides email summary of daily operations
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Daily Data Digest

DDD email summary includes analysis attachments

KLGA Surface Counts KEWR Taxi Time
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TMI Summary

Email summary of restrictions in airspace (potential to expose as API)
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TMI Summary

Contains both departure and arrival TMI restrictions
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Flight Summary

One row per flight with processed metrics generated by nightly queries 
against our internal databases (fuser, scheduler, TMI, …) 
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Flight Summary

Processed metrics (e.g. departure_fix_undelayed_time_at_out) create 
common metrics across the team and simplify downstream analysis tasks 
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Questions
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Discussion Topics

• Objectives for N90 workshop series

• Topics for next workshop (early August)

• Additional use cases for predictive engine

• Real-time displays/dashboards to support N90 decision making

• Current limitations of predictive engine in N90
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Backup Slides
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KJFK Departure Gate Clustering
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KEWR Departure Gate Clustering
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KLGA Departure Gate Clustering
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KJFK Taxi-Out Models

KJFK :

AMA (MAD=92s ~1’30”) Ramp (MAD=138s ~2’) Total (MAD=196s ~ 3’)

(MAD : median absolute deviation x 1.48 ~ 1 σ)
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KEWR Taxi-Out Models

KEWR:

AMA (MAD = 71s ~ 1’) Ramp (MAD=171s ~ 3’) Total (MAD = 231s ~ 4’)
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KLGA Taxi-Out Models

KLGA :

AMA (MAD=86s ~ 1’30”) Ramp (MAD=176s ~ 3’ ) Total (MAD=215s~3’30”)
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UTOT = Unimpeded Take Off Time, ETOT = Estimated Take Off Time, TCOT = Terminal Controlled Off Time

ETOTUTOT

Scheduler Example with Terminal Constraints
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Scheduler Example with Terminal Constraints




