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Presentation Outline

• TBO Definition and Benefits

• History and Background 

• Relationship to Industry Recommendations

• TBO Elements in Detail

• Getting to TBO
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What is the Definition for TBO? 

…an ATM method for strategically planning, managing, 

and optimizing flights throughout the operation by using 

time-based management, information exchange

between air and ground systems, and the aircraft’s ability 

to fly precise paths in time and space. 
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• More efficient use of system capacity by maximizing 

airspace and airport throughput using time-based 

management techniques and precise, repeatable PBN 

procedures

• Improved operational predictability through more accurate 

and efficient end-to-end strategic planning and scheduling 

• Enhanced flight efficiency by delivering more efficient flows 

into and out of major metropolitan areas through integrated 

operations, including the continuous use of more PBN 

procedures

• Increased operational flexibility through increased user 

collaboration regarding preferred trajectories and priorities to 

support business objectives
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TBO Objectives
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What TBO Is Not (despite what some may think it is)

• The “Evaluator”

• Totally automated

• “Free-flight” everywhere

• Self-separation 

• Conflict-free all the time

• 4D “Contracts”

Just what do you think 
you are doing Dave?

Image: 2001: A Space Odyssey
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History: How Did We Get Here?

Solution Space

2017201620112007

Trajectory Based Operations (TBO) Has Always Been The Target of NextGen

Research 
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Background: Recent TBO Foundational Initiatives

8

Future of the NAS PBN NAS Nav Strategy Vision for TBO 

- Concept document
- Future look ahead at NAS 

evolution
- Goals for modernization
- Update to Midterm 

Con Ops

- Strategy document
- Roadmap for 

Performance Based 
Navigation 

- Outlines transition to a truly 
PBN-centric NAS

- Describes interim 2025 
operational change 
- Concept description to 
improve stakeholder 
understanding
- Framework to prioritize 
implementation plans 
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Background: PBN Time, Speed, Spacing Work Group 
• PBN NAS Navigation Strategy

 Collaborative FAA and Industry Effort

 Key Strategic Commitments include “Shifting To Time- and 

Speed-Based Air Traffic Management”

• FAA asked RTCA to recommend  T/S/S 

Capabilities needed for PBN NAS Nav Strategy 

• RTCA T/S/S Task Group provided 

recommendations
 Shift to Time-Based Management (TBM)

 Continue deployment of enabling NextGen capabilities, Address 

Operations Culture, Training, and Integrate Aircraft Data with 

Ground Systems

 Clarify Vision

• FAA developed Vision for TBO
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TBO…It’s What You Have Been Asking For!

Source: FAA

Source: FAA

▪ Performance-Based Navigation

▪ Predominant Use of Time-Based 
Management

– En Route Controller and Traffic Manager 
Decision Support Tools (DSTs) 

– Terminal Controller and Traffic Manager DSTs 

– Tower Controller and Traffic Manager DSTs 

▪ Improved Strategic Traffic 
Management Planning

▪Data Sharing and User Collaboration
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+
+

+
+

+
+
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PBN Use Status Today

Over 8000 PBN Procedures 
Throughout NAS…

…But Not All Eligible Operations Fly Their 
Planned PBN Procedure at Core 30 Airports,

Resulting in Untapped Benefits
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Some Reasons for PBN Use Status Today

• Due in Part To:

 Use of Static, Distanced-Based Restrictions to 

balance demand with capacity which introduces 

uncertainty

• Same distance value between flights can result in too 

much or too little traffic 

• Lack of converging flow coordination can result in 

‘ties’ that require vectoring 

 Incomplete Information about Future Trajectory and 

Use of Open-Loop Clearances

• Introduces uncertainty to strategic planning and 

traffic management
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PBN Arrival and 
Approach 

Procedures

Departure

PBN Departure  
Procedures

• Use Precise and Repeatable Performance Based Navigation 
Procedures and and Routes to Generate Schedule

• Use ‘Time’ to Organize and Integrate Operations

• Keep Flights on PBN Procedures using Speed and Time Control

PBN Routes

PBN with Time-Based Management: Key for TBO

TFMS

Time to Cross 
Arrival Horizon

Time to Enter 
Overhead Stream

Time to Depart

Gate-to-Gate Time-Based Management
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Time-Based Management and Key Scheduling Variables

Capacity Constraints

Flight Path

Separation Minima

Flight Profile

Estimated 
Time of 
Arrival

Scheduled 
Time of 
Arrival

Departure Release

Crossing  Point
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Arrival* and Departure Metering Across the NAS Today

Nominal Arrival Scheduling Horizons

Arrival Procedures

*Filtered to Facilities that Actively Meter at least 15 days per month. April 2017 Data.
Airports Receiving Metering Arrivals: ATL, CLT, DEN, EWR, HOU, LAX, MEM, MSP, PHL, PHX, SAN, SEA, SFO, and SLC

Departure Scheduling Airports

TBM Already Used In Many Places 
Need To Build Upon That To Evolve Operations 
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40 NM

Graphic Not to Scale

Distance-based Spacing Goal

Busy airport 

Small airport

Limited 
Departure 
Metering 
(MIT)

Holding to Meet 
Time-based Schedule

Vectoring after ToD at 
the Boundary

Vectoring  on 
Climb-Out

Tactical Spacing
Vectoring to Final

Time-based Metering

Vectoring into 
Overhead Stream

Vectoring at Boundary

Vectoring

Mid-size airport

A Closer Look at Today’s Operations  

Miles-in-Trail (MIT) 
Restrictions

Miles-in-Trail (MIT) Restrictions

PBN Arrival Routing

PBN Departure Routing

Overflight Traffic Flow

Time-Based Managed

Flows/Airspace/Ops
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40 NM

Extended Metering 

Coupled Scheduling 

Arrival Metering

Terminal Metering

160-140 NM

300-280 NM

Departure 
Scheduling into 
Overhead Stream

Departure 

Scheduling into 

Overhead Stream

Graphic Not to Scale

Coupled Scheduling 

Extended Metering 

Arrival Metering

Busy airport 

Small airport

Mid-size airport

Minor path changes to 
meet schedule

PBN Arrival Routing

PBN Departure Routing

Overflight Traffic Flow

Time-Based Managed

Flows/Airspace/Ops

Future Operations, Where Appropriate 
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Getting to Trajectory Based Operations
Requires Partnership Among FAA and Operators

Data

Planning

Scheduling

Execution
PBN and 

Time-Based 
Scheduling

PBN and 
Automation

Source: Aviation Week

Source: MITRE CAASD

Source: MITRE CAASD

Source: FAA

Source: MITRE CAASD

Source: MITRE CAASD

Source: FAA

Source: BigStock Photo
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Getting to Trajectory Based Operations 
The Human is Key in Operational Transition 

• Evolution of Workforce Skillsets while 

Maintaining Proficiency in 

Conventional Techniques

• Human-Centric and Holistic Approach 

to Implementation and Training

• Communicating Team Perspective

• Applying Regional TBM Solutions

Source: BigStock Photo
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Getting to Trajectory Based Operations
Regional TBM Solutions via Operating Area Approach
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Getting to Trajectory Based Operations
North East Corridor (NEC) Summary

ARTCC TRACON NAV Service 
Group 1

NAV Service 
Group 2

ZBW A90

BOS

BDL

ZNY
N90

EWR, LGA, 
JFK

TEB, HPN

PHL PHL

ZDC PCT

DCA, BWI, 
IAD

RDU, RIC
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Operating Area



Getting to Trajectory Based Operations
Relies On A ‘System of Systems’ For Change

Apply Change Management Principles To Drive

30

Impacts FAA Workforce AND Operator Workforce



Getting to Trajectory Based Operations 
Key Operator Equipage Needed

• PBN*

 By 2025, aircraft without the following performance requirements may not be able to 

efficiently access Nav Service Group (NSG)1 airports

• RNAV (GPS) approach capability with vertical guidance

• RNP 1 capability

• DME navigation

• RF capability

• Data Provision and Collaboration Ability

 11 Data Elements

 Submission of User Preferences

• Data Communication

• Time of Arrival Control

• ADS-B
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*2016 PBN NAS Navigation Strategy, p. 23



Getting to Trajectory Based Operations 
Examples of Key Operator Equipage Relationship to Benefits
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PBN Equipage (RNP)= Shorter Flight 
Distance and Flight Time

Data Provision (User Preferences)= Optimized
Reroute Around Constraints Data Provision (EOBT)= Less Waiting After Pushback

TOS

Data Communication 
Equipage= Earlier Departure 
During Rerouting Events



Show TBO  Video
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Initial Scope for Implementing TBO
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Thank You for Your Time!  

Source: BigStock ID 48526436
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TFMS

• Better Utilization of Current Capabilities: En Route 
Departure Capability (EDC), Departure Scheduling, 
Airborne Metering, Integrated Departure Arrival 
Capability (IDAC), and GIM-S (Extended Metering, 
Coupled Scheduling, and Automated Speed Advisories)

• Terminal Sequencing and Spacing (TSAS)
• En Route Path Change Advisories
• Traffic Manager DST

• Better Utilization of Current Capabilities: Flight 
Schedule Monitor (FSM), Departure Viewer, 
Traffic Situation Display (TSD), NAS Monitor, 
NTML, Airspace Flow Program (AFP), Ground 
Delay Program (GDP), Collaborative Trajectory 
Options Program (CTOP), and Collaborative 
Decision-Making (CDM)

• Pre-Departure Reroutes (PDRR)/Airborne 
Rerouting (ABRR)

• Improved Demand Modeling (IDM)
• Integrated Departure Route Planning (IDRP)

• Electronic Flight 
Data

• Runway/Surface 
Balancing

• Surface Scheduling 
and Metering


