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Initial TBO Overview

TBO Vision = Time-Based Management (TBM) + PBN

“TBO is an ATM method for strategically planning, managing, and optimizing flights throughout the operation
by using TBM, information exchange between air and ground systems, and the aircraft’s ability to fly precise
paths in time and space.” -FAA Vision for TBO

Focus on delivery of capabilities for approximately next 5 years (~2022)
— Accounts for budgeted implementation waterfalls of key capabilities
— Initial set of capabilities enable the first comprehensive TBM environment phase
— Interdependencies among initial set of capabilities are strongly coupled

—

Adjscent Center Metering

Improved Strategic Planning
Improved Data Sharing and User Collaboration
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Guiding Principles and Assumptions
Concept Overview
FAA and Operator Investments
Key Transformational Initiatives
(7) Operational Scenarios



TBO Objectives

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
iInto 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 — Visualizing TBO
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ITBO — Scope
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ITBO — Scope: Capability/Technology View
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Presentation Notes
Flight operator equipage in PBN Area Navigation (RNAV) capability, and flight operator investments in flight planning systems and data provision are required to improve ATM strategic planning and resource scheduling needed to achieve TBO envisioned by 2025.  

Advanced navigation capabilities such as PBN Required Navigation Performance (RNP) enables further benefits to operators, and FAA system enhancements are targeted to allow operators to fly their desired PBN procedure.  By 2025, all IFR aircraft are expected to have equipped with RNAV Lateral Navigation (LNAV) Global Positioning System (GPS) capability.  Aircraft that have not equipped with additional navigation capabilities (e.g., RNAV (GPS) approach capability with LNAV/VNAV or Localizer Performance with Vertical guidance (LPV); RNP 1 capability; Distance Measuring Equipment (DME) navigation capability; and Radius to Fix (RF) capability) may not be able to efficiently access the largest airports. 
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http://www.airliners.net/photo/Delta-Connection-(Comair)/Canadair-CL-600-2B19-Regional/1655035/L/&sid=63fee75f0432fb98255bd59c1a5c71c1
http://www.airliners.net/photo/Delta-Connection-(Comair)/Canadair-CL-600-2B19-Regional/1655035/L/&sid=63fee75f0432fb98255bd59c1a5c71c1

Initial TBO Approach
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NEC: Current Plans(cont.) 4 m-
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ZBW & ZDC Current and Planned TBO
Capabilities
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ZID & ZOB Current and Planned
TBO Capabilities
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Current & Planned TBO — Candidate Op
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High-level ITBO TFM Scenario Excerpts

High-level Scenario Steps Recuuired Steps Step 0: Day-Before TFM Planning

— Gonditional Steps A _
= Indtial planndng Began at least o days in advande of day-of
eperaticns ATCSCCADTSY D01 DCC DB/20/202 DPERETION FLAN
: - !II“!,' Inﬂuadumunnﬂud:y beafare the B AW TEXT: EVENT TIWE! 20/0100 — AND LATER
AL M L B | Forecasters give a briefing to the Mational Operations Manager (MOM) n R
and the Naticnal Tratfic Management Officars (NTWGs) L
~ Summary; Low PR conditiorz and light rain forecast in
Step 1: Day Of Traffic Management Planning for Eastbound Flows " The ATCSCC advanced plenmer (and suppening team) develaps plns | cwe L Ga =1 through mid-moening, 18R condibions developas
baded on Qhss Valley Foresiil Tonecast, GS andfor GOPS will ba nacassany 1o manage demand.
Use weather forscast and modeing 10 azsees demand and mpacts
Step 2 Execiite CTOP with Recommended Routes for Route Outs 9 Thundarsti s forest Tor O Valky i eid-afem son. Exge

Deetermine need for {idemtfy pizyhonk renoutes rercutes/CTOR 0 eastbound flows, Potentl nesdforGoesat
Determine likely need for CTOP for eastbound flows, the definition of M Pebetroes. Expeact LD usage for WY and PHL departures,
ihe FCAs, the parameters, and the applcable me pariods

Dietermrines lkety need 1o rendbs BYPHL westbound depariunes which

Step 3: ATCBCC Bevers Weather Spacialist Monitors Flows Resulting from CTOP
Pl vl v iy el 52
& W oo E IR L A P s S T T Ay

Step 4: ARTCC TMU Develope Fian to Use TOSs for Westbound Flows Fredicted to be impacted couldinchude the use of TOS e than 30 mnwrt s due b SR, Dincument actions
dentify predminary goals for nexi day operabons inken,
- & Mamageany an rooto TRE MO0 stroectune 1o balans
Step Sa: Strategic and Tactical AcBions Appled to Manage impacied Eastbound Flowe Develop draft plan bersed on all of the: anafysis cernand theu affacted faciitics. Documant acties
= ATCSCC holds webings that inclsdes di len af Ad d plan taan.
Step 5b: Strategic and Tactical Acticns Appled te Sehectively Rercute impacted Westbound Departures Farliciants inclade TH Trom FAR ARTCCS. TRASONS, DDS0 ULIEE I forens K] e i DRITDHE
[Deputy Dreclors of Sys Opes), and fight operators R e e A
& Lrtiliza TOS torarcata NY/PHL daparbaras
Flight operator and facifty feedback is captured * Mainain metaring oparations

Step &: All TMs Monitor and Evaluate Need for Updates to the Departurs Plan R s e S 4

MENT PLAMMING WEBINAE: 17152
Acvanced Plan released a3 part of 20:00 Ops Plan advisony (362

Svep T Weather Dissipates and TMIs are Reduced and Then Discontinueed Tigre) ﬁﬁ@}:‘&'jﬁ:ﬂi:ﬁém

= Fiald Faciities and flight cperators plan resources using Advanced

o with ATM Stakehold
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Step 3: ATCSCC Severe Weather Specialist Step 5b: Strategic and Tactical Actions Applied to

: : Selectively Reroute Impacted Westbound Departures
Monitors Flows Resulting from CTOP y
. 208 TME coordinates verbally with ZHY THMC to manage storm
* Flights that ‘route out’ are e impact on westhound depanures SULBUNT ST 5 TSN NVIDHE Wessound
identified — + ZINY TMC uses TFMS (e.g., Deparure Viewsr, integrated Departure aepaTITes headed 13 208 Ssidee
Routs Planning tool, Create Reroute tool, Reroute Monitor, Traffic 1 oY |
= ATCSCC Sewvere Weather e Situation Display) to assess the impact of weather constraints on - 1 %

departure fixes and routes, and which flights are predicted to be
inpactad so ey can be rerouted

= ENY TMC uses TFMS to identify route options {incheding avadable

Specialist evaluates airspace :
north and south of the CTOP

FCA to identify EWOI‘IGEI’Y TCIS te account for user preferances in the reroule process) and
Ll J— BCHI OPevaTd CHENNTY OF MOCITe SVd 84 Hi8S POT@NTis

impacts of CTOP (i.e. m_ﬂ ipact o Might's depantire Hee, if route opbon i aubject to TEFM
demand/capacity imbalances) | — e s "r"'ﬂ i st s e

| s - na adceptable I= &vall & fie does nod At the cansirainis)
which may require further : ety e 1 then 1) ight cperatars can resubeil & new TOS or 2) a coded i y
actions iyl : ::‘;f':""‘:" 2 daparure routa (GOR) is assignad ¥ lll\.

. If imbalance is identified, the — — - ZNY TMC amends the Might's fed route to the new route with TFMS
o 5 ] - TFME submils the amendment to ERAM {e g, Pre-daparture

ATCSCC Severe Weather Lo ol il o Refouties [PORR]) and ERAM distibutes the route amendment 1o

Specialist and impacted o I8 3 3. ;;g:‘ and :f;h;uc::-cr: s
EX - unschedules the fig
ARTCC TMCs would  m = Fithe nesw rauka s subject 1o mateing, TEFM deploys the fight on the new

coordinate to develop TMIs to - o e e iantact acatimarad timakf ard THFK [CAC] dispaysthe TGh i tha mnschadikd
bin

mitigate the imbalance INY TMC updates TEFM scheduling parameters and coordinates
Resulting TMis are issued With Tewer TMCS to appropriately sdjust pre-gepanure scheduling
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Why Should We Use Time-based
Management?
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A Measure of Success: Metering to PHL

= Post-Implementation Analysis to Evaluate
Operational impact of Metering to PHL > | Lt
— Jan-June 2008 (pre-TMA) vs Jan-June 2010 (post-TMA) “""';
" Findings showed significant Decrease

in Holding (number of flights held and -
total duration), MIT Restrictions j———
(number and total minute-miles), and the

number and duration of both GDPs and - —

grounds stops -~ .
- Average peak throughput at PHL
increased ~ 3% | = Pl GES S i
— Holding reduced by ~ 50% I S I 3
i /*\/\ _\/\.,,
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A Measure of Success: Metering to LGA

= Post-Implementation Analysis to Evaluate Operational impact of Metering to LGA
— Comparison of operations (2 week period) in 2009 (before TMA) to
2010 (with TMA)
» Findings showed Significant Benefits
— Arrival Delays

» Average arrival delay vs flight plan Decreased from 2009 to
2010

— Holding
» Total minutes of holding Reduced in 2010 versus 2009

« 2009—flights over RBV had greatest amount of holding.
2010—holding more evenly distributed across all fixes

— MIT Usage Ty T—————

* Number of MIT restrictions issued were ~ 25% higher in 2010
than 2009

* Number of Minute-Miles (measure of MIT severity) were
~40% Lower in 2010 than 2009

— Internal Departures dl ddld |
» Average internal departure delays were under 5 minutes
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Arrival Delays
Average arrival delay vs flight plan Decreased from 2009 to 2010.  Arrival counts were similar.

MIT Usage
Number of MIT restrictions issued were ~ 25% higher in 2010 than 2009 
Number of Minute-Miles (measure of MIT severity) were ~40% lower in 2010 than 2009  
Average restriction was 22 MIT during 2009 and 11 MIT during 2010
Internal Departures
Average internal departure delays were under 5 minutes 
~190 TMA internal flights per day



A Measure of Success: Metering to EWR

« Performance Analysis
Conducted by Continental TN
Airlines Show Benefits of 29, %, ... RED TRACKS = THA INACTIVE
Metering - e

TMA vs NON-TMA DIFFERENCES
June 9+ L2+ 25~ 2008

DIFFERENCE: = el
ATRTIME = e E— '

AIRTINE

DIFFERENCE=
AIRTIME =
AIRTIME P

OF 4.0 NINUTES
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A Measure of Success: Metering to FLL

o
Ft LaUderdaIe o e ™ . Holding Time by Phase of Flight
1 = TRACON
Airport B ] S B
£ En Route
2
=3 30
o 2 2 2 ead
£
g 10
= —
o
GDP & GDP Only TBFM &
- M MIT
» 3 year construction project reduces airport to - Vectoring Time by Phase of Flight
single runway operation TR
: L Enios p— i
» 2 years of pre-planning to minimize delays E —
. T % o 150 — S0 == o
through traffic management initiatives = s
. . . a 100 e (83 | 206 ”
« Time Based Flow Metering (TBFM) improves ;é-: =
S . . . £ S0 a5
efficiency for the capacity constrained airport S ~B-8 1R B -
. . . 0
» TBFM results in reduced holding and vectoring NoTM TBIM mMiTony JGoPa  GOPE& GOP Ol TBFM &
‘ Only ‘ TBFM MIT MIT
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Presentation Notes
The stakeholder community is already taking steps towards Ops Transition type concepts.   For example, as Ft Lauderdale airport moved to begin a 3 year construction project it was anticipated that the construction would reduce the airport to a single runway operation.  

The community knew that given the demand on the airport, this temporary reduction in capacity would result in massive delays.  2 years of pre-planning went on to minimize those delays through metering.  The community worked together to develop a plan and to successfully execute the plan.  As a result of this collaborative effort to deliver on benefits, the impacts of the construction effort were nicely mitigated.

This site-specific example represents movement in the right direction.  There is always more that can be done, and Ops Transition takes this to the next level.



A Measure of Success: Metering over MIT

« 2014 TBFM NextGen Operational Performance Assessment

— Empirical Analysis of current operations to understand NAS-wide and Local use of
TBFM

 Findings Support Time-Based Metering as More Effective TMI over Miles-In-Trail
— Use of Departure Scheduling
» Ledto less arrival delay and arrival delay variability

» Led to less variability of airborne delay

— Use of Airborne Metering
» Led to decrease in average holding and vectoring delays
» Led to reduction in variability of holding and vectoring delays

» Upstream center share of holding/vectoring drops most
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Terminal TBM Benefit Areas

Types of
o . Benefit Source
Benefit
) Decrease in delays through reduced flight time TSS2 HITL, 2013
Trajectory - - - -
o Savings due to greater use of optimal trajectories and reduced ground
Efficiency TSS2 HITL, 2013
tracks
Increase throughput due to the ability to realize more efficient arrival |TSS2 HITL, 2013; TBFM
Throughput* .
spacing WP3 Shortfalls, 2013
SME input based on
Decreased probability of loss of separation due to TSAS spacing P
reduced route
assurance o
deviations
Reduced controller workload due to improved capability to maintain .
Safety Various HITLs 2013-

the queuing flights on their published routes & STA with less control
actions

2014

Decreased deviations from published routes

Application of ASIAS
study, 2012

Environmental

Reduction in CO, emissions and noise level

TSS2 HITL, 2013

TBFM Improved scheduling allows better merging of flows to the runways SME inbut based
. input based on
Schedule allowing En Route and TRACON controllers to work toward common )
. . . . HITL experience
Improvements [plan that includes appropriate spacing at all merge points
* Not part of economic analysis ASIAS: Aviation Safety Information Analysis and Sharing Source: derived from TBFM WP3 BBOE

STA: Schedule Time of Arrival
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Terminal TBM Enables Reduced Flight
Ime and Fuel Burn

« TSAS shortens flying time in TRACON

— More RNP approaches with RF-leg (curved)
— Less vectoring

« TSAS promotes more efficient trajectories
in TRACON

Fuel Burn Rate . TSS Off
TSS Off

Lower Fuel Burn
Rate with TSS On
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Terminal TBM: TSAS HITL Simulation
Results
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Terminal TBM: TSAS HITL Simulation
Results

W( D A
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