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Performance-Based Navigation
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Performance-based navigation (PBN) procedures are a 
foundational element of NextGen.

PBN benefits include:
- improved fuel efficiency and reduced environmental impact
- shorter, more direct flight paths
- repeatable, more predictable flight paths

PBN equipage rates for air carriers are high

PBN procedures continue to be developed world-wide



Air Traffic Management Technology Demonstration #1 (ATD-1)
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CMS Controller-Managed Spacing
in Terminal Airspace

TBFM Traffic Management Advisor
with Terminal Metering

FIM Flight Deck Interval Management
for Arrival Operations

TMA-TM
Traffic Management Advisor 
(TMA) with Terminal 
Metering



Terminal Sequencing and Spacing (TSS)
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Operational Scenario

Time-based scheduling provides runway 
arrival times and fix crossing times for arriving 

aircraft. 

En route speed and path assignments 
correctly space aircraft for descents 

along RNAV/RNP OPDs to their assigned 
runways.

Most flight crews use their Flight 
Management Systems to fly 

RNAV/RNP Optimized Profile 
Descent (OPD) procedures without 

intervention. 

Aircraft are delivered to terminal area according 
to schedule, but with small spacing errors that 

need to be reduced to maximize throughput and 
avoid downstream interruptions of the efficient 

descents.

Terminal controllers correct remaining spacing errors and 
cope with disturbances and off-nominal events using tools 

and display enhancements based on 4-D trajectories.
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Simulation Overview

● Sixteen large-scale, human-in-the-loop simulations
● Entire arrival operation
● Multiple airports and configurations
● Mixed equipage
● Realistic wind conditions and errors
● Realistic traffic demand
● Experienced controllers

• Four phases: systems integration, concept refinement, 
performance evaluation, and operational integration

• FAA and MITRE independently conducted five 
additional TSS simulations

Simulation Designations
CMS for ATD-1: CA-1, CA-2, CA-3, 
CA-4, CA-4.1, CA-5.1, CA-5.2, and 
CA-5.3
Full Integrated ATD-1 Test: FIAT-1, 
FIAT-2, FIAT-3, FIAT-4, and FIAT-5
Joint NASA/FAA Simulations: 
REACT, TSS-1, TSS-2, and OIA (post-
publication)
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Modeled PBN Arrival Procedures

PHX West Flow Operations PHX East Flow Operations
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Display Aids for Terminal Air Traffic Controllers
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NOTE: TSS Prototype look-and-feel is shown. FAA will finalize the operational look-and-feel prior to 
deployment.
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Measures of Performance

● Six measures of performance evaluated for each 
simulation
● PBN success rate
● Inter-arrival spacing error
● Controller acceptability
● Controller workload
● Excess in-trail separation
● Number of controller-to-pilot instructions

● Two key performance parameters compared across 
simulations
● PBN success rate
● Inter-arrival spacing error
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Transitioning to WJHTC

● Operational Hardware
● Different target generator: TGF
● New Human Factors Tools 
● Data Collection Objectives

10



Transitioning to WJHTC
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