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Initial Set of Candidate TBO Capabilities

Function Category Capabilities Supporting Technologies

FMS/ RNAV (LNAV/VNAV), RNP, RNP- AR, A-RNP

PBN

Strategic Planning /
Flow Management

Route Management

Time-Based
Scheduling
(Airborne and
Surface)

En Route and
Terminal
Spacing Tools

Surface
Management

Enterprise Enablers

RNAV STAR Optimum Profile Descent (OPD)
RNAYV SIDs

RNP / RNP with RF leg

Established on RNP (EoR)*

Airspace Flow Program (AFP), Ground Delay Program (GDP)

Collaborative Decision-Making*
Collaborative Trajectory Options Program (CTOP)*
TM Coordination and Planning

Automated Reroutes
Pre-Departure Rerouting*
Airborne Rerouting*

Arrival Metering

Coupled Scheduling/Extended Metering

Departure Metering (scheduling) into Arrival Stream
Departure Metering (scheduling) into En Route stream
Terminal Metering

Runway/Surface Balancing

Surface Scheduling and Metering

Delay Countdown Timer

Speed Advisories

In-Trail Final Approach Spacing Indicators
Path Stretch Advisories

Slot Markers, Speed Advisories, and Sequence
En Route Time of Arrival Control (TOAC)

Tower Data Communications for Pre-Departure Clearance

Electronic Flight Data*
Airport Configuration Management

Information and Data Exchange
Air-Ground Data Communication

Enhanced Weather/Aero Data, Reporting, and Integrated

Products

TFMS/ FSM, IDM

SWIM, TEMS, Operator Ground Automation
TFMS/ FSM

TBFM/ TM Ops Dashboard and Planning Tool

TFEMS/ ERAM
IDRP, PDRR
ABRR

TBFM/
GIM-S
T-to-T, IDAC
EDC, IDAC
TSAS

TFDM

TBFM/ DCT/MRL
GIM-S
ATPA
Path Stretch
TSAS
TBFM, FMS/ RTA

Tower Data Link Services
TFDM

SWIM

En Route Initial Services
NWP, CSS-Wx

ACS


Presenter
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. 



Approach to Applying TBO to the NEC

Gap

Current : ;
Plans : New:
NextGen Plans = Commitments

[ Key Themes of NEC NIWG Initiatives

« Develop NEC TBO Transition Roadmap & Evolution Plan to
Close the Gap




Beyond 18 Month Candidates and TBO

Tools & Technologies Initiatives B
Early TBFM Pre-Departure scheduling PHL, EWR, BOS, or LGA
Expand Use of IDAC to Additional NY Area Airports Airports TBD

Expand IDAC to additional airports (within ZBW and ZDC)

A . ) Ai TBD
delivering arrivals to the NEC airports Hpons
Improve Airborne Metering EWR

Implement En Route Metering at additional Airports LGA, TEB, HPN, JFK,
DCA, BWI, and IAD

Implement XM, CS, and speed advisories for select NEC
airports and expand Freeze Horizons if necessary

Implement TSAS in the NEC Airports TBD

Use Required Time of Arrival/Time of Arrival Control

Airports TBD

LA OROR OR O OR R ON L

Flights Destined to NEC airports Al
PDRR/ABRR Enhancements All
CRDA for 13L and 22 JFK and LGA
CRDA for 13L/22L to Lower Mins, and to 13R/4R JFK
CRDA for 22L/29 and 22L/11 both to Lower mins EWR

L Ay,
(VQJ\ /,q)\
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TBO Capability Analysis

‘ P U ZZ | e Pa I a (:e.JI Layo ut Current TBFM Arrival Metering Usage

X : . [restination Airbarne Metering Frequensy. [Eeparture Scheduling Freguensy BC Fraguensy
* Information grouped by potential TBO Operating Areas (B e ==t e s =]
* Each Operating Area Overview contains an overview of TBO-related capabilities, followed s w0 BT
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= Destination 8 of RNAV L snnmnd ml\!mnl-a RMAV STAR Fled
TBM and PBN Usage Implementation s1ans e i A Note on Conformance for STARs andSiDs
it To be counted as “conforming,” flights must have
ACthtIES s o e . filed for the procedure in the flight plan
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Operational Scenario Overview
Excerpts - Draft




High-level TFM Scenario Excerpts
Draft

Step 3: ARTCC TMU Develop TOS Plan for

" . Required Steps
High-level Scenario Steps :
g P optional Steps Flows Predicted to be Impacted
Silualian’ STonms are fovecast &
# Mid-morning, the ZNY TMC reviews forecast and mvadgig*r’*i’:i m‘-‘:}w
Step b: (Day Befors] TFM personnel (PERTI planner) reviews forscast and develops and consults with Center Weather Service Unit
coordinetes planigoals for affected flows (CWSU) specialist concerning impact to NY/PHL

westbound departures
Using that information the ZNY TMC

Develops a plan to allow users to submit TOSs for

NY/PHL westbound departures predicted to be

Stop 3: ARTCC Facilty TMC develops and coordinates plan with NAS Ths and AUs to use TOSs. Impacted by weather v

for flaws predicted o be itpatted by weather — Verbally coordinates plan with ATGSCC Severe T
Weather Specialist and adjacent ARTCC and
TRACOM TMCs (e.g., ZOB/NSOWZDC TMCs)

Step 1: (Day Of] ATCSCC Severs Weather Specialist reviews latest forecast and updates
planigoals and coondinates it with NAS Ths and Ale

Step 2: Alls actions fo respond to the traffic flow management plan

Step 4: ARTCC Ths Apply Strategic and Tactical Actions to Reroute Impacted Arival Flows

g:ap:&mmc THe Apply Strategic and Tactical Actions 1o Selectively Reroute Impacted = ATCSCC Severe Weather Specialist issues proposed TOS Plan
P res
" TOS plan is discussed as part of 11:15 Planning Webinar with users
Step 6: TMEs Monitor Departure Quewes and Fight Delays = After webinar, the ATCSCC Severe Weather Specialist issues TOS Plan
Advisory
Step 7! Weather Digsipates and TMis are Reduced and Then Discontinued
MITRE

Step 0: Day Before TFM (PERTI) Planning Step 4: ARTCC TMs Apply Strategic and Tactical
Actions to Reroute Impacted Arrival Flows

Early afternoon before day of aperations, the

ATCSCC PERTIPlannerdevelops plans based ATCHEE ADNEY D01 DO BREHN017 CPERATIONS PLAN = ZOB TMC Sluetion’ Shom (s comsally
on OhioValley forecast RAWTEXT  EVENT TINE: 2000700 - AND LATER Colsborates. wih ZID and ZALY 1 rerauds Mights and Nows impacted by impacting NE amval flows
Determine need for / identify playbock rercutes | ... PERTI MEXT DAY FLANMNG FOR Aug g actua stom cavelopmant .
Determine ikely need far CTGP Clﬁ'iﬂ:li;;ﬂ:":éﬁ:?"ﬁﬂfwr o dirvolop CTOP wil nat eliminate &l ireffic from impacted aispace )
'd'M"tFD""“‘""ﬂ'F goals for naxd day as forecast, G and or GOPs wil be nacassary ss manags = ZAWZID/ZOB TMCs are using Airborne Rerouting (ABRR) to ]
Ll e
ap"" ons | demand develop and deliver reroutes to FLM/Sector Controllers in ==
se reroute modeling . response to actual storm development ! 8
# 4 £
Develop draft plan based on 2l ofthe analysis o Remuta plan consists af 1) moving TEB/JFK flows narth af stom and LI Y
= ATCSCC holdswebinarthatincludes . rejoin normal roate at MY boundary, 2) moving EWRLGA flaws nofth i
discussion of Next Day plan Preiminary Goals: mrough ZBW, and 3) mawing BOL/BOSG fights nomn of starm
Partieipants include This fram FAAARTCCS, ) Abarnaliva stretagic ThMis such as Airspaca Flaw Progrem and Ground
é::::EUN:' DOS0 (Deputy Directors of Sys ! Delay Program are soplied &5 needed 1o balance demand wilh cepscity
) = ARTCC Sector Controllers issue reroutes as directed by TMC
Custemaerand facilty feedback is captured - et * - .
by voice or Data Communications for equipped flights 4
* End of afternoon, the PERTI Next Day Plan is
finalizad ! ¥ IF rercaites do nat inpact e portion of e flow wilhin Me freeze . 3 3
e TBM il il Y
— PERTINext Day Plan released as pant of 20:00 | newr passang WESIAR: 12157 horizan, &n routs TBM cperations wil continus
OpsPlan advisory (see figure) EFFECTIVE TIME: 204000 3004350 * ARTCC TMCS 8Ost Melaning peramelsrs & necessary -_
= Field Facilities and customers plan resources FREFTT 20 BCCORS, batys If reroutes impact the porfion of the flaw within the freeze harizon, en i %
using Next Day plan routs TEM aparatians mey ba tamponarity suspandad for that sirspece . 2
= TrafMc may ssoe be direclsd aver & differant melenng paint n i _ i
ancther sector where fime-based mansgement aps confinue s
= TMCs appropriately adjust pre-departure flights destined to
MITRE this airspace and/or merging into the overhead flow MITRE
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High-level Departure Scenario Excerpts
Draft

High-level Scenario Steps — Step 2: Tower Automation requests APREQ- !

g Required 51 . -

Scenario A: TBO Departure from uired Steps Call for Release time from Scheduling
) Opticnal Steps .
TFDM-Equipped ATCT L= 1 Automation
= Since:
F1ep Oa; Flight Dpersters subsit early iment infermsation (&4, Night readiness times] 1. The "gm i Sl.lhjeﬁl o APREQ-Call for Release and
2.The flight operator provided an expected ready time (Earfiest Off-Block Time, EQBT),

Step Ob: ARTCC TMs initisie APREC-Call For Relesss Procedures io it fights into & NY arrivl stresss TFOM autamatically, electronically requests a release time from TBFM 10 minutes prier to the

flight-operator provided readiness time

* Request= Earest Feasible Take Off Time = flight operatorreadiness time + predictedtaxi ime
Step 1: Autamation identifies ta Tawer CamtroBers Mights reguiring AFREQ-Call far Relesse times

The request & shawn on electronic fight strip as well as the Tower display of TBFM-IDAC

Step I Tower Autemstion requests APREQ-Call for Releass Bee from Scheduling Autessstiant (expected to be used anly in exception cases)
Srep & Scheduling Autamaticn identifes APREQ-Call far Relesse time snd natifies Tawer Atcsation T B Flight Strip
UALS24 | 1331 KROL OXFRO2 FAK

b a7is  BFizss 23R| FHLBOI L KEWR

Step 4= Tower controflers manage flight 1o meet refease window
B18 01 A 360

Step & ARTCT TM potes 1he feed b rercute and inftistes Mght plan amendssems

This sterano depicts e autarmatic schadufing maods
of TFOWAwith the “Time-Based Faramstor ingger
Ztep ;. Tower controllers are notified of the rercute and isswe revised clearance and instructions Thara are [FVes Searsds WRIers Wi could ba
emyopsd basedon Tower opsrafional needs. Thens
i afs0 & el scheduling mode for TRDM.

assochfedwith s sep fraf depend' o0 wiel sysfems ane avadabie and frow dhey are configured.
Faciklies i Al capabifios prasent and fcilles il TBFW-DAT alone. Thars ane

o alow TEO fo be achievedal 2 sma¥ATCT.

T Theve are & vanaly of ooeralion:
The seananas Waslrated hes
offier potsnial soananas mhic

MITRE

MITRE images Hotiona
Step 6: Tower controllers are notified of the
Step 0a: Flight Operators submit early intent reroute and issue revised clearance and
information (e.g., flight readiness times) et instructions
= Flight Operators exchange ) ;&%?ﬁ'ﬁﬂ-ﬁﬁﬂ?ﬁﬁﬂ;)

ea intent information With
TFMS te.fg.. flight readiness, TFDM updales INe funway ssigrenert, it
rOOULe Prse ?sren‘:és [Tralseﬁr?ﬁf [uasza  [13m | knou oxFRDa2 Fak D12 necassarny
plicn Sets]. etc.) via e Blpiss Q3R] PHIBOR /. KEWR * ATCT FLIWCICFDICDIGE can sae the fight's
| 818 01 A | 380 new raule via electranic fhght atip and that the
TFMS provides early intent fight still subjest to APRECIGFR

infarmation fo TFOM via SVWIM e A, e (Eased route
TFOM Traffic Management Timeline

ERAM provides flight glan — ) _ T O b e
information to TBFM, TFDM, fight deck
and TEMS via SWIM

# The fight's release fima can be schaduled
aucomitically if the fight is priar to pushback o |
manually by the ATCT FLWCICFINGD wa
TFD#, TBFMADAC, ar phone cal

TFDM assigns an initial
departure runway based on
planned airport configuration

The scheduling process repeats similar to step

and departure fix Jand step 4 - )
UAL524 1331 Kﬁlﬁ%\
* GC providas fiight fa
= TFDI\-:]generadtes ETDs 'rﬁ-sms insfochana ensutid e e (W 5738 W|p12ss [23R| PHLECST
each flight and updates will meet its release time 818 01 A | 360 | B1240
and TB?—'M o s -

MITRE

Images Notiona

MITRE

Images Notiona
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High-level En Route Scenario Excerpts

High-level Scenario Steps Required Steps

Optional Steps

Step & En Route THM Operation i Segmented 1o Account for Unsertanty
Step1: The En rowte Controlier Manages Fights to Mest Specified Crossing Times
Step 2 Collaboraton with the Flight Operator Resuits in 3 Modified Schecule
Step ¥ The En Route Contraller [sswes & New Clearance 1o Meet the Schedule

Stem Ja The Contraller Uses Speed Contral 16 Mest the Modified 5hedules

Step 3k A Latersd Path Change is Added ta Previde Sufficient Delay

Draft

Stepd: The ControSer Executes an Airborne Rercute (ABRR) and Continues Metering

MITRE

Step 1: The En Route Controller Manages
Flights to Meet Specified Crossing Times

= The En route Controller manages flights to meet the specified
crossing times

The controller uses speed control and, as necessary, path change
to meet the specified time
= Speed control can be accomplished with either

— An assigned speed or

For TOAC-capable aircraft. an assigned time of arrival

An assigned speed, path
and/or altitude may be
modified as required for
separation while s i Vi
meeting the Path Change '
scheduled time

MITRE

Step 3a: The Controller Uses Speed Control
to Meet the Modified Schedule

= MRP indicates if an aircraft is TOAC-capable
Yellow underined STAs
denoie TOAC-capable
aircraft, and can be
selected for an
assigned TOA advisory

Yellow underined
speeds are GIM-5
Advisory speeds, and
are available whenewver
speed change alone
can meet the schedule

White STA denctes a non-TOAC-capable aircraft

= Access to assigned speed advisories are also available through

the FDB Line 0 “C” Coordination [ ran]e]
Portal [ + 1 -]
Controller
Controller selects “C” Ealncls
indicator which brings £ TR ho
up the Speed Menu, accepl the
if speed alone can advisary
meet the schedile
| RE1 /N78 |
IR Beem Fors 3 TR TR Pt o rrin e A = e e IMUTRE

Step 4: The Controller Executes an Airborne
Reroute (ABRR) and Continues Metering (3 of 3)

= The TFM Reroute Menu allows the controller
to display (on the D-side) a Trial Plan of the
Pending TFM Reroute
= The controller sees
that the Trial Plan
results are green,
and accepts the TFM
Reroute
= When all aircraft
have been rerouted
— The MRP is rippled
to accommodate
the modified ETAs,
and metering
proceeds
(See Step 3)

Sowrce: Leidos
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High-level Arrival Scenario Excerpts

High-level Scenario Steps Required Steps

Optional Steps

Step - Tenminal TBM begins when aircraftare handed off at the meterfix
Step 1z The Terminal Controller Verdies the expected runway and approach
Step E The Terminal Controfier kssues Clearances to Meet the Schedule
Stepd; The Teminal Contraller Detemines How 1o Best Resalve Schedule Disruptions

Step 3a: The Terminal Contraller may reschve the withaut ta the

Step 3k The Terminsd Comroler may coandinate schedule madificatian with the FLM and TM

Step 3o The TM will assess the potential impact of schedule medification and coordinate s needed

Step d: Flights are Cleared to the Appropriate Approach

Siep 5 Final Cantrelers Menitar Spacing an the Final Appreach

MITRE

Step 2: The Terminal Controller Issues
Clearances to Meet the Schedule (1 of 2)

® The Terminal Controller manages flights to meet specified
crossing times over designated points by keeping aircraft
targets inside of graphical slot markers
= Terminal controllers are provided with
Graphical slot markers which are a instantaneous location of
where the aircraft needs to be located to be on schedule
Slot marker Sequence Nmber :
indicated airspeed
Derived aircraft
indicated airspeed
Speed advisories
to regain slot
marker
conformance

Runway Assignment
Skt Markes
Spead Advisory

Skt Airspaed

RHP-Capabla
Indicatar
' Aircraft Airspead

| Nouer TSAS CHY IS Dasned on [VTISIES Cruvsianmeat, and syO/ecT o chanpe

Draft

Step 4: Flights are Cleared to the Appropriate
Approach

= Capable flights are cleared for RNP approaches. All otherflights
are given vectors to the final approach

= Scheduling for non-RNP capable flights uses a nominal base
turn distance to build the schedule trajectory

Creates a consistent, predictable, and repeatable objective path
for vectors to the final approach

= Final controllers monitor
slot marker
conformance for
confidence in successful
use of RNP approaches

= Tools transition from
slot markers to ATPA
spacing cones on final
approach

RHP Aircraft Vechared Alrcraft

Ao TSAS CHT 13 (used o VNGRS GeueiRnmest, 3ng sylyecr 10 chaspe

MITRE

Step 5: Final Controllers Monitor Spacing on
the Final Approach

= Final controllers monitor spacing on the final approach using
ATPA

= Spacing cones between in-trail aircraft are automatically
displayed and present the minimum required separation
distance (ortime) as determined by automation

= Continuous mileage-readout
of the actual measured
distance between in-trail
arrival aircraft can also be
displayed
= |f automation predicts that
the trailing aircraft will comejg
too close to the leading
aircraft, the mileage-readout
and spacing cone change
color to alert the controller

Federal Aviation
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TBO Scope -

e Define General TBO Success Criteria* and Metrics

— Outcome Metrics
e Focus on overall results
 What are we trying to do? (efficiency, predictability)
e E.g., On-time arrivals, flying time
 Align with NAC metrics as appropriate
— Activity Metrics
* Focused on specific capabilities/initiatives
» Are we executing as planned?
« E.g., Usage frequency, meter time compliance
 Establish Baseline and Set Targets

*Success Criteria here is a general project management term that refers to suitably realistic measures by which
implementation will be judged to decide whether or not it has been successful in the eyes of stakeholders

Federal Aviation

.} Administration




Evaluate Potential Implementation
Risks & Opportunities ap

« ldentify/Review Lessons < Identify TBO
Learned from past dependencies across
Planning and programs
Deployment Activities

 Develop Risk e Ildentify and coordinate
Management Strategy potential changes to

— Ensure alignment with existing programs

any previously
identified TBO risks

R .
z\ Federal Aviation

z)% %‘5 Administration
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Evaluate Potential Implementation ~  [&
Risks & Opportunities ep

ldentify Inter-Dependencies
» Key Functionality Introduced by Many Programs Planned Over Many Years
« Combinations of Functionality Drive Significant Operational Changes

" Timeline | 2016 2017 2018 2019 2020 2021 2022
I
JA [ CATM WP4 |
4007 GIM-S
Subset of — | |
. %4013 TBFM WP2 TBFM Tech Refresh
iTBO = |
. 2015 [ TBFM wP3
Programs / [TBFM WP 2024
- | !
£\ [ TFDM 2028
v ‘
= Segmented = Integrated Departure = Terminal scheduling and R
K metering— extended Route Planning DSTs—slotmarkers, hEn routedaytor:nateggnath
ey metering and coupled - TFMS . : sequence, R/A, and change advisories (PS)
. . scheduling . impr‘;i:dng;;ﬁz:zs automated speed advisories » TRACONto ARTCCTM
Fun Ctlonallty = En route automated (TSAS) t°°°o°|;d('$€g:;_?)"d planning
speed advisories = Additional IDAC sites
= Enable greater use ofen
In trOduced . —- v - ¥| route time ofarrival control * I
« Electronic communications - Improved = Electronic flight data exchange clearances (TOAC) Program waterfa
between ATCTsand ARTCC for Processing - Departure scheduling and . timing is approximate
CF/APREQ flights (IDAC) (Hardware metering = Additional TSAS and
- TBFMto TBFM exchange Replacement) - Airport surface management IRAC aftes A ]
tool FID Milestone
Systems ————— \ ———— ,. ._
ERAM STARS TFDM  TBFM  TFMS  FDIO

Affected

Federal Aviation
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Define Transformation Activities = B

e Conduct Detailed Field/Operations | I\;MQ

Change Management Strategy

Stakeholder Analysis

— Impacts, Expectations, and Concerns o Leadership W ‘ol " "han” gy esswececienes

Stakeholder Determine DevelopPlan Execute Plan Determine

« Define Change Management ey T
Strategy Based on Results

!
== Education& De

2 Raise Needs Analysis velop Training Monitor &
L Training Awareness & Strategy  Plan & Materials ExecutePlan  oasure
L

Analyze Current Plan, Prepare Sustainand

A Environment & Initiate Refine

 Develop Overarching |
Communications Plan to Address

QoA « A well thought out Communications Strategy will help to:

+ Provide timely, useful and accurate information,

Major Audience Categories BN R e 1 o S s

* Prevent misinformation, and
+ Build a foundation for a constructive dialogue

. . Goals:
o A I I ' l t t ‘ t I — » Increase awareness within the organization on key projects and initiatives
S S eS S aC O u r r e n r al n I n '\"' also increase information exchange within the FAA and other stakeholder
. @“\ communities
R e I m e n t N » Provide the basis for consistent messaging to key stakeholders
* Increase support and commitment from stakeholders
* Provide the framework for all communications, including key messages,
target audience, communication vehicle responsibilities and timing
.. Guiding Principles:
I I t m a * Keep messages clear, simple, and consistent
. D eV el 0 p ran S I t I O n O ad ap * Target messages to the audience and deliver them effectively
O

* Evaluate content and channels and adjust as needed

Federal Aviation
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Develop and Execute Location
Specific Evolution Plans

« Assign and engage field implementation team
« Identify operating area risks and dependencies, and mitigations
« Identify impact to surrounding ops/facilities

 Define appropriate operating area ‘change increments’

— Change increments refer to the definition of logical and manageable sets of
capabilities and procedures identified for iTBO implementation

— This is not the same as the NextGen Segment Implementation Plan (NSIP)
increments

« Assess local operating procedures/agreements

 Develop tailored plans:

— Leadership Actions — Organizational and Facility Alignments
— Communications Activities — Training and Development

 Develop post-implementation, operations sustainment plan
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Develop and Execute Location

Specific Evolution Plans

Factors for Consideration

e Location Status and Activities

Available PBN Procedures and Usage —
Available Systems/Capabilities and

Usage -
Unrelated On-going or Planned —
Activities

Location Specific Issues/Concerns

» Airspace User Characteristics -

Number of Carriers -
Types of Carriers
Aircraft Equipment -
User Type Variability -

Ops Complexity Characteristics

Primary Runway Configuration
(Independent vs. Dependent Ops)

Special Use Airspace

Seasonal and Weather
Considerations (e.g. Wind Profile
Variability)

Surface Constraints
Adjacent Facility Dependencies

Resource Availability

Cost/Available Funding
Personnel Availability

(GA/Military/Space) « Community Impact/Involvement

Equipage

Federal Aviation
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Develop and Execute Location =]
Specific Evolution Plans |

Evolution Plan Content

Target State Plan Execution

Objective and Goals Operating Area Change Increments
Operational Change Implementation Approach
- Scope

- AS-IS vs. TO-BE Stakeholder Groups and Roles

Integrated Schedule

- Leadership Actions

- Communications Activities

- Organizational/facility Alignments

Integration, Risks, Opportunities - Training, Evaluation, and Development

iTBO Success Criteria and Metrics

Assumptions

Dependencies, Risks, Mitigations,

. Post-Implementation Operations Sustainment
Opportunities

Impact — Procedures/Agreements

Impact — Surrounding Operating Areas
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Develop and Execute Location
Specific Evolution Plans

Define iTBO Change Increments

« Change Increments are Logical And Manageable Sets of Capabilities and
Procedures
» Steps for Each Change Increment Identified

4 1

Post-

. Design and h
Implementation Reaginess ' A A A A
Monitoring and ~ Planning = @ Ysuccess fF L o & & & =
- Adjustment \ / Criteria =
% = &= Met? = e = = =
- b

3 2
i Testing and , I
Img!eerroe%a;:q(:n/ ' Evaluation, and |
., ploy ~ Training Op Area 1l Start —:
.\ Op Area 2 | Stort E—
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Conduct Post-Implementation
Analysis and Reporting

« Measure and Report on Success Criteria

* Incorporate Evolution Plan Adjustments as
needed to Achieve Objectives

« Communicate Implementation Status with
Stakeholders
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MNear-Term (2016-2020)

Mid-Term (2021-2025)

Far-Term (2026-2030)

PBN NAS

Implement RNAV(GPS) with LPV and
LMNAVANMAN approaches at qualifying runways
meeting TERPS criteria

Criteria to increase number of runways qualifying
for vertically guided approaches

Expand development of PBN special helicopter
approaches to hospitals

Continue replacing conventional approaches,
SIDs, and STARs with PBN procedures

Initial transition to improved PBMN-based point-to-
point navigation

Shorten development and implementation time
for new ATS routes by removing rulemaking
requirement

Transition from Minimum MNavigation
Performance Specification Airspace (MMNPSA) to
PBM in the ICAD North Atlantic Region

Expand User Preferred Routes (UPRs) for
navigation between North America and Asia

Implement vertically guided
RNAV(GPS) approaches at
runways meeting new TERPS
criteria

Continue replacing conventional
approaches, SIDs and STARs with
PBM procedures

Transition to PBN-based point-to-
point navigation (en route)
Replace Jet routes and Victor
airways with PBMN where structure is
needed

Leverage reduced separation
standards to further expand UPRs

Wertically guided RNAV(GPS)
approaches at qualifying airports
with an 1AP

Complete the transition to PBN
procedures

More Efficient
Routes &
Procedures

Expand use of Established on RNP (EoR) at first
site

Expand use of Equivalent Lateral Spacing
Operations (ELSO) at first two sites

Implement OPDs at airports using RNAV STARs
Implement reduced separation climb/descend
requirements for RMP 4 capable aircraft

Expand EoR at sites supported by
cost-benefit analysis

Expand ELSO at sites supported by
cost-benefit analysis

Expand use of RNAV (GPS)
approaches with LPV and
LMAVAMANY) with RF

"Improved

Predic‘labililz

Key airports transitioned to time
and speed-based management

MNAS transitioned to time and
speed-based management

More Cost Effective
& Agile Service
Delivery

Discontinue approximatety 70 current VOR
facilities

Begin ILS Rationalization at NSG 4 and 5
airports

Reduce unnecessary IFPs (e.g.. circling
approaches)

Discontinue about 200 more
current VOR facilities

Continue ILS Rationalization at
MSG 4 and 5 airports

Reduce unnecessary IFPs(e.g.,
MDB approaches)

Develop procedure design tools
and processes that accelerate the
ability to move from criteria to
implemented procedures
Complete the transition to digital
delivery of chart data

Complete development of an
automated tool for periodic review
of procedures

Re-evaluate remaining VOR
facilities within the farterm system
ILS rationalization complete at NSG
4 and 5 airports

ILS rationalization analysis for NSG
1.2, and 3 airports

Policy for Synthetic Vision Guidance System
(SWGS) to qualifying approaches

Paolicy for Enhanced Flight Vision Systems
(EFVS) operation to touchdown

Criteria for low visibility access with LPV

Improve Navigation
Resiliency

DME/DME RMNAV senvice expanded for NSG 1
and 2 airports initiated

En Route airspace is covered by DME/DME
RMNAV service (IRU not required) redundancy
Requirements for a Satellite Operations
Coordination Concept (SOCC) position at the
FAA's ATCSCC

DME/DME RMAV senvice expanded
for NSG 1 and 2 airports based on
site-specific evaluations

SOCC provides realtime, system-
level view of NAS navigation
resiliency

Innovation &

Impfovement

Demonstrate A-RMNP at first site

Use of PBN approaches with visual separation
standards

Further reduce RNP-based separation standards
(oceanic)

Enhance community involvement

Leverage A-RMNP at key sites

A-RNP procedures at sites
supported by cost-benefit analysis
Leverage avionics capabilities to
reduce separation standards for
PBM in IMC

Standardize FMS functionality

NAVIGATION STRATEGY 2018
—_— e

Commitments
Listed by
Service
Improvement

Completed goals are indicated
by green text and a checkmark.
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Table 6 — Summary of FAA Geals and Commitments

Mid Term (2021-2025)
Streamline Service Delivery

Far Term (2026-2030)
A Streamlined NAS

Approach/Terminal

O  Implement Vertically guided RNAY (GPS)
approaches at runways mesting new
TERPS criteria

O  Expand use of RNAV (GPS) approaches
(with LPV and LNAV/VNAV) with RF

O  Expand use of EoR at sites supported by
cost-benefit analysis

O  Expand use of ELSO at sites supported by
cost-benefit analysis

O  Leverage A-RNP at key sites

O  DME/DME coverage expanded for
Navigation Service Group 1 and 2 airports
based on site-specific evaluations

O  Continue replacing conventional
approaches, SIDs and STARS with
PEN procedurss

Approach/Terminal

O  Vertically guided RNAY (GPS) approaches
at qualifying airports with an AP

O  A-RNP procedurss at sites supported by
cost-benefit analysis

O  Complete the transition to PBN
procedurss

Oceanic

O  Transition to dynamic UPRs where
supported by operator capability

NAS Operations

O NAS transitioned to time- and speed-
based managsment

En Route
O  Transition to improved PBN-based
point-to-point navigation

O  Replace Jat routes and Victor airways with
PBN routes where structure is needed

Oceanic

O  Leverage reduced separation standards to
further expand UPRs

NAS Operations

O  Expanded time- and speed-based
management services for key airports

Near Term (2016-2020)
Increase Utilization
Approach/Terminal
O  Implement RNAY (GPS) with LPV and LNAV/AYNAY
approaches at qualifying runways mesting current
Terminal Instrument Procedures (TERPS) criteria
O  Criteria to increase the number of runways
qualifying for vertically guided approaches
O  Expand use of Established on RNP (EoR)
at first site
O  Expand use of Equivalent Lateral Spacing
Operations (ELSO) at first two sites
O  Criteria for low-visibility access with LPV
O  Uss of PBN approachss with visual
separation standards
O  Expand devslopment of PBN special helicopter
approachss to hospitals
O  Policy for Enhanced Flight Vision Systems (EFVS)
operation to touchdown
O  Policy for Synthetic Vision Guidance System (SVGS)
to qualifying approaches
O  Demonstrate A-RNP at first site
O  Initiate expanded DME/DME coverage for
Navigation Service Group 1 and 2 airports
O  Continue replacing conventional approachss, SIDs
and STARs with PBN procedursas
O  Implement Optimized Profile Descents (OPD) at
airports using RNAV STARs
En Route
O  Class A airspace is covered by DME/DME (IRU not
required) redundancy
O  Shorten devslopment and implementation tims for
new ATS routes by removing
rulemaking raquirsmeant
O  Initial transition to improved PBN-based point-to-
point navigation
Oceanic
O  Expand User Preferred Routes (UPRs) for
navigation betwesn North America and Asia
O  Implement reduced sseparation climb/descend
requirsments for RNP 4 capabls aircraft
O  Transition from Minimum Navigation Performancs
Specification (MNPS) to PENM in the ICAD North
Atlantic (NAT) Region
O  Analyze further reduced RNP-based
separation standards

Commitments
Listed by
Phase of
Flight
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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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Presenter
Presentation Notes
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 S EERUIRAEKS AUTRATI UG

Meterlng Eumi-:nral \/

/

T
7

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

7

DIFFERENCE:
ATRTIME =
AIRTINE

DIFFERENCE=
AIRTIME =
AIRTIME P

F 4-0 NRINUTES
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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 PR - Ral
£ En Route
2
g 30
o 2 2 34 a
g
5
g 10
=
o k. =i
GDP & GDP Only TBFM &
- M MIT
» 3 year construction project reduces airport to - Vectoring Time by Phase of Flight
single runway operation S TRACON
) L 73 200 :::": ) =21= -
» 2 years of pre-planning to minimize delays E —
- . g s . 150 s =
through traffic management initiatives g e 19 2
. . . 2 100 81 106 99
« Time Based Flow Metering (TBFM) improves ;é-: =
efficiency for the capacity constrained airport s 7 ‘: R 1R R 88
. . . o
» TBFM results in reduced holding and vectoring NoTM TBIM mMiTony JGoPa  GOPE& GOP Ol TBFM &
‘ Only ‘ TBFM MIT MIT
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Presenter
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 Time 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




Terminal TBM: TSAS HITL
Simulation Results
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Terminal TBM: TSAS HITL
Simulation Results

/ Baseline w ( TSS \
§ =1 | 1 | More flights fly '
£ RNP approach :
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