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Reminders

TBO website: E_" o
https://www.faa.gov/air_traffic/technology/tbo/ ;3 =

[®] a3

* There are multiple ways to ask a question:
« Submit your questions via email 9-AJT-TBO@faa.gov
« Submit your questions via chat
» Raise your hand to alert the moderator

),g/ *  Please mute your microphones
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https://www.faa.gov/air_traffic/technology/tbo/
mailto:9-AJT-TBO@faa.gov

8 AM
8:30 AM

9 AM

9:30 AM

9:45 AM

Doors open for in-person attendees

Doors open for virtual attendees
(TBO: Right Tool, Right Place, Right Time video will play
at 8:45am and will broadcast again during the break)

Executive Welcome

Jeffrey Vincent (AJT), Alyce Hood-Fleming (AJR),
Mark DeNicuolo (AJM), Michele Merkle (AJV), and
Dan Hamilton (NATCA)

Opening Remarks,
Wendy O’Connor (AJT) and Lakisha Price (AJR)

TBO Deployment Status Update
Aaron Wilkins (AJM) and Dan Hamilton (NATCA)

10 AM

10:15 AM

11 AM
11:15 AM

12 PM

12:30 PM

Agenda

TBO Integration Status Update
Patrick Blaser (AJT) and Phil Hargarten (NATCA)

TBO Opportunities to Improve Performance in the NAS
Almira Ramadani (AJT), Curt Rademaker (AJR),
and Dave Knorr (ANG)

Break
Measuring Progress: TBO Analytics Demo

Almira Ramadani (AJT), Brandon Smith (TBFM Ops Team/NATCA),
Dave Raymond (AJR), and Curt Rademaker (AJR)

Airspace Modernization Roadmap Update
Jim Arrighi (AJV)

Q&A and Wrap Up

******Note: The facility will remain open for attendees until 3:00pm




Opening Remarks

Jeffrey Vincent, Air Traffic Services
Alyce Hood-Fleming, System Operations Services
Mark DeNicuolo, Program Management Organization
Michele Merkle, Mission Support Services
Dan Hamilton, NATCA
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Opening Remarks

Wendy O’Connor Lakisha Price
Air Traffic System Operations
Services Services




TBO Deployment
Status Update

Aaron Wilkins, Program Management Organization

Dan Hamilton, National Air Traffic Controllers Association




) Advanced Trajector
Infrastructure Integrated Arrivals Integrated Departures J y
Management

v" ERAM TBFM TBFM Automation TFMS
v' TAMR v" Arrival metering v' Time based departure v Route Availability Planning
v SWIM v' Extended metering management v' Airborne Reroutes

v AIMM TFMS
v Data Comm v’ Pre-departure reroutes ll Data Comm

v' TBFM v Initial En Route Services
v TFMS TFDM

o = In Development Data Comm

v Tower Services

All implementation dates subject to change due to budget,
sustainment needs, workforce training, and other constraints




iTBO Implementation Going Forward

Despite challenges ... we are still moving forward
* Budget constraints will moderate the pace of implementation
* Prioritization of activities is data-driven with input from facilities and industry
* More agile and targeted deployments

- Data Comm En Route Services

- TFDM Deployment
* Build 1 CLE IOC: October 2022
« Build 2 CLT IOC: March 2024

- TBFM Expansion
« Extended Metering Designs: LAX & LAS
* IDAC Implementation: South Florida (MIA, FLL, TPA, RSW, PBI, FXE)




What's different? What's the same?

Innovation

* Remote testing
* Virtual training
* Virtual site surveys

Operationalizing TBO
Transparency with Industry
Risk Mitigation

Lessons Learned

INNOVATE
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Primary Goals of Interoperability Evaluation

A critical component of the FAA's Risk
Management and Mitigation processes

An opportunity to verify key assumptions and
change expectations

A time to engage, inform, and collaborate on
iTBO with the specific facilities and operational
personnel targeted to undergo change




TBO Integration
Status Update

Patrick Blaser, Air Traffic Services

Phil Hargarten, National Air Traffic Controllers Association
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Key iTBO Implementation Milestones

Ope rati n g AreaS North East Corridor \

Pacific

Northwest Mountain North west North West Mountain Northeast Corridor
v DEN Metroplex B R o gglothcem AFF. v IDAC
v XM for DEN e |- g - PDRR/ABRR Enhancements
v" IDAC (2022)
* TSAS (On hold) «  TFDM at CLE Build 1 (2022)
South West *  Surface Viewer for CLE (2022)
VA AT *  Atlantic Coast Routes (2023)
Southwest (i T * XM for PHL & EWR (2024)
V" LAS Metroplex B> m e a8
v EoR at LAX g EE o et
v IDAC |
* XM for LAS & LAX (2022) Mid Atlantic
e TSAS (On hold) NAS-Wide v ACM for ATL & CLT
v En Route Departure Capability (EDC) v IDAC
v PDRR & ABRR (except ZNY) «  TEDM at CLT Build 2 (2024)
v Data Comm Tower Data Services — 64 Towers
Acronyms v Data Comm Initial En Route Services — ZKC, ZID, ZDC, ZMP, ZOA
* ABRR: Airborne Re-Route *  Data Comm Initial En Route Services — ZMA (2022)
) 'églg’!: ’é‘gigﬁﬁ;‘:‘;eg;emgte””g «  Data Comm Full En Route Services (starting 2022) Legend
IDAC: Integrated Departure Arrival Capability *  Reroute Impact Assessment/TFMS R15 (2022) v Completed
PDRR: Pre-Departure Reroute * IDAC at all ARTCCs (2023) *  Inprogress (Expected completion)
» TBM: Time-based Management C . .
»  TSAS: Terminal Sequencing and Spacing * TFDMinitial 10 sites (2024) ’ Onhold

+ XM: Extended Metering

All implementation dates subject to change due to budget,
1 2 sustainment needs, workforce training, and other constraints




NWM/DEN
« Extended and Arrival system;
metroplex; IDAC at DEN, COS,

ASE, APA; Procedural updates
to manage speed into D01
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SW/LAX & LAS
- LAX RNP ARs, CRDA, EoR;

LAS metroplex;

T2T connectivity enables ZOA to
schedule into ZLA systems;

XM to LAX has been in use for a
while; planning is underway to
implement ZOA XM for LAX
arrivals

« XM for LAS (ongoing work): all

surrounding ARTCCs/ZAB, ZDV,
ZLC, ZOA, ZLA;

EDC dep scheduling system for
SDL (display and schedule deps
into EDC system; not a full
arrival system, no times on the
glass, just scheduling into an
EDC arc(s) to improve flow
management)




180 _{ “Accomplishments andon-going work (cont’d)

-

NEC

* PHL/EWR collocation introduced delays

in delivering our commitments; IDAC at
ABE, ACY, ISP, MDT

« T2T connectivity enables all IDAC
Towers in the NEC to schedule into
ATL’'s and CLT’s arrival systems

- ACR (Jun 2023)
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Atlanta TRACON
(/_‘@ Atlanta ARTCC (ZTL)
Hartsfield*Jackson Atlanta Imemallonal@rport (ATL)

.
Mid-Atlantic and Southeast

+ EDC system for OPF;
* IDAC at MIA, FLL, RSW, PBI, TPA, FXE

« EDC dep scheduling from ZMA up to ZAU for
ORD (each facility will be aware of others’
departures; rather than four separate
systems scheduling to ORD—ZID, ZTL, ZJX,
and ZMA—uwe are developing a single
system with integrated information)

South-Central
+ Updating the IAH/HOU arrival systems
« EDC dep scheduling system for AUS




Operating Areas

Pacific

North West North West Mountain

y e L [P s

& e B
& S [ e

=G

oy

1o i B y
% "

P S

= % !

South Central

North Central

North East Corridor

Mid Atlantic

South West

-
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South East

Focus on the initial four OAs and key _
?Arpﬁr'&ssestabllshed a foundation for TBO in
e

It is now the time to expand the focus onto
other OAs for a more balanced approach to
evolving the NAS, and support more agile
deC|S|or_1-m_ak|n% and expanded _
cu_stg[)mlzatlon of TBO at service delivery
points

Integration of future Airspace Modernization
efforts

Scope of future work dependent on
budgetary allocations
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Opportunities to Improve
Performance in the NAS

Almira Ramadani, Air Traffic Services
Curt Rademaker, System Operations Services
Dave Knorr, NextGen
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780 [ * wData-Driven Operationhal Improvements
. T e

A o e " TBO Objectives

Analysis Supporting Lifecycle Management

« Shortfall analyses
Analyses of alternative improvements
Cost-Benefit analyses
Stakeholder views
Exogenous vs intended outcomes
« Qualitative vs quantitative views
Monetization
+ Post-implementation analyses
Technical (system performance)
Operational (use and outcomes)
« Benefit achievement

+ TBO touches on each objective

« Trade-offs between objectives exist,
but are not well understood and
difficult to quantify

A

9 © 9
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Operator Flexibility g @ rde

. _{ % ‘Data Collection andAnalysis Timeframes

Past Exchanges on Benefit Expectations

Traffic Managers, Airline Operators
Area Supervisors

Real-Time

9-AIT-TBO@faa.gov A r y
https://www.faa.gov/air_traffic/technology/tbo/ Realtime performance monitoring of

% current operations and TFM Strategy
@
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Expand TBO implementation beyond the
initial four operating area

|dentify Site-specific opportunities to
improve NAS operations, system efficiency,
and flight performance

Coordinate and focus various improvement
activities across the ATO

sis Objectives

52 Airports

Procedures
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QOur Approach

e Define Metrics and data sources

e Evaluate site-specific performance and opportunities for improvement
e Rank airports based on various performance attribute

e Identify top candidates for operational improvements

Gather

Quantitative
Data

19



Consider Opportunities per FIt

75th percentile of daily arrival counts

Proportion of QrtHrs with capacity utilization at
or above 75% of arrival called rates

Sequencing delay and level-offs within 40 NM
of destination (median)

Sequencing delay and level-offs between 40
and 120 NM of destination (median)

Proportion of QrtHrs with aircraft that were
delayed more than 5 minutes and arrived
during periods with capacity utilization lower
than 75%
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Gather Quantitative Data

Consider Total Opportunities

Proportion of QrtHrs with capacity utilization at
or above 75% of arrival called rates

Sequencing delay and level-offs within 40 NM
of destination (total)

Sequencing delay and level-offs between 40
and 120 NM of destination (total)

Proportion of QrtHrs with aircraft that were
delayed more than 5 minutes and arrived
during periods with capacity utilization lower
than 75%

Proportion of NAS stringency applicable to
destination-specific arrivals
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Opportunity Space (1/2)

Daily Arrivals Proportion of QHs with Proportions of QHs with Arrivals Delayed 5+ MIT Restrictions
Capacity Utilization >= 75% and 95% Minutes When Capacity Utilization < 75% Total Stringency
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Opportunity Space (2/2)

Sequencing Delay In Terminal Airspace Level-Off Delay In Terminal Airspace Sequencing Delay Between 40 NM to 120 NM Level-Off Delay Between 40 NM to 120 NM
ZBW [BOS —immmmmmm|36 I — Bos |0.0 i 1 ZBW |BOS 03— BOS 68 e —
Z0C |BWI —mmmm|29ib——————— BWI 02 ———————1 ZDC | BWI m — BWI _'—|51 S —
DCA 43 [ 1 || DcA 0.2 I — | DCA  J0.1mb— DCA  mmmmm|4.5 [ —
1AD 21 ' ] IAD | 2.5 ¢ | 1AD  Hmm|0.3 m—o IAD | 4.8 —_—
© | rRDU 21— | RDU {vo — o |RDU |0 5 ; - 1 RDU | 8.3 ' 1
@ (X [McO —mmmm|25 1 ——H McO 0.0 —— 9 [z)x_ |[mco 10 _— MCO | 6.2 T _
< [zZmA [FLL |14 _ FLL =04 —_— < [zZvA [FLL m|02 _— FLL |00 —
S MIA  —mm|2.6 —_— MIA 0.0 b—y S MIA | 0.7 —_— MIA_ 0.0 } |
< PBI - 4.1 b Pl mm|0.6 —_— 2 PBI 01+ PBI |00 —_—
] TPA  —mn| 3.4 — TPA w138 ; 1 ] TPA  B0.1—1 TPA  m|12  —
.,E, ZNY |[EWR w32 ' 1 EWR ] 2 9 i § ZNY [EWR [O-04 EWR 105 e
4 HPN — | 4.3 L — L HPN | 2.7 ' 1 o HPN 0.5 —_ HPN  —— | 10.9 e
] JFK —— | 4.6 I — JFK | 1.7 ' 1 = JFK w030 —— JFK 38 i
LlGA —imm|25 I — LGA |26 — LA fo1m— LGA —immmm|4.9 ——
PHL —mmm3 3 | PHL |2 3 L — L PHL Hmssm|0.7 ' i [[PHL |46 L —
TEB —mm|19 L — TEB | 2.5 —— TEB w01 —H TEB  mm|19° +——
ZTL |ATL | 3.0 ey ATL |11 _ zTL |[ATL [0 ATL w27 b 1
CLT  — | 4.2 —_— T |00 [ — cr  jolu- CLT ] 4.7 ' |
ZAU |MDW mm|10 _ MDW - 3.3 ! 1 ZAU |MDW {mmmmm| 0.6 _ MDW | 6.9 _
ORD _mmmmm|2 3 ' 1 ORD | 1.9 _— ORD [0.2  — ORD  mmmmm|4.9 —
ZFW [DAL —mmmm|29  — DAL | 2.8 ' 1 ZFW DAL |04 ' 1 DAL [0.0 ' 1
DFW 36 — DFW {12 ——————— DFW -mmm0.5 — DFW  m|10 ' i
ZHU [Aus w13 Aus  [0.0— ZHU |AUS —mmmmm|0.8 — Aus  [0.0 ——
« HOU —imsn| 3 2 | HOU |0.0 _— P Hou |02 I HOU | 4.1 _—
£ IAH 2.9  — 1AH _ m|os5 : | = IAH | 0.8 B ——— IAH  mm|2.0 ' )
P MsY Llla MsY ‘0 0  — g msY 1-{_;' — MSsY LI _
< [zID |[cMH 2 1mm——— CMH |00 | S [zID [cvH 09 _ CMH 39 } ]
g VG —mmm|23mb——m7 VG |21 —_— 5 VG —mmm|0.6 b————————— VG mmmmm|4 4 ! 1
2 IND 17 —— IND 0.0 2 IND 0.4 p———— IND ] 6.6 —
£ ‘e [ma 15— Mcl |00 A 5 [ZkC [mcl mes]0.6 i Mcl mm|20 ' 1
S STL 19— STL |00 —— 5 STL 0.2  — STL | 6.2 I —
Y |zME [BNA 200 —— BNA |0.0 i ——H Y [zme [BNA JO1i— BNA  mmmm|35 ' 1
MEM w2 4 P MEM 0.8 ; 1 MEM m=f0.3 — MEM  mm|18 —_—
ZMP |MSP w27 —_ MsP_ [0.0 _ ZMP |MsP |03 _ MSP  —] 0.4 ' ]
ZOB |CLE -mwm|20 —— CLE |00 e zoB [CLE  [0.0+—— CLE  memmm|41 : ]
DTW —immm|2.2 —_ pTW  j0.1 —_— DTW mf02 — DTW | 10.5 ' !
PIT ] 2.6 —— PIT |12 R | PIT w05 ob——f PIT | 8.2 e —
ZAB |PHX m{091—— PHX  |0.0 — ZAB |PHX jmemf0.4 ' PHX | 6.3 ———
ZDV |DEN Hmmmm|25 — DEN |-|o.4 —_— ZDV | DEN 4mm|0.4 —_— DEN 8.0 ! i
ZLA [BUR |08 ——H BUR 15 } 1 ZLA [BUR #0.1— BUR — | 10.0 A
° LAS 0.6 m— lAs |00 — o LAS 0.5 ! LAS 124 L — L
14 Lax W04 m—— LAX |00 e LAX mjo2 b —m LAX |28 I
< LGB 15 1 LGB 33 [ 1 < LGB (0.0 LGB | 7.6 S ——
L SAN  #f04— SAN ’0 of 2 SaN w02 — SAN | 7.0 I —
H SNA  —{mmmm|3.2 —_ SNA |00 I — g SNA 00—y SNA ] 7.5 — e —
@ VNY —mm|18 e VNY 05 —— @ VNY :I‘O 33— UNY  — | 11.2 —_—
5 lzic [sic Hmflici—7M SLC |22 ' 1 5 |ZLC |sLC 04 — SLC ] 10.5 ' 1
% |ZoA |oAK w06~ OAK [0.0 —_— % |zoa |oak J0.0 OAK  mmmm|32
2 SFO qos — SFO_ [0.0—i S sFo  mjo2 i ——H SFO  mmmmmm|5 3 ——mm
sic Hjo.6 sic_ |00 sJc 0.1 mb——H SIC | 6.9 I — e —
SMF |11 e —— SMF_ |00 swF_ o1 SMF s 6.1 ' 1
ZSE | PDX 33— PDX |00 I — ZSE |pDX |03 b—7M7M PDX | 6.8 ' 1
SEA ﬂs 2 e m— SEA |00 [— SEA | 0.5 — SEA  —imesssssssss| 12.1 ' 1
o 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 0 1 2 3 4 5 6 0 5 10 15 20 25 30 35 40 45
Delay (NM) Delay (NM) Delay (NM) Delay (NM)




23

Opportunities-per Flt (1/4)

Rank QH > 75%
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Rank for Sequencing Delay inside 40 NM
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Opportunities-per Flt (3/4)

Per Flight Number Distinct Opportunities Elevating Each Airport Into Top 5
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Total Opportunities

Rank for Sequencing Delay inside 40 NM

2

Rank for Level-off Delay inside 40 NM

Rank for Proportion of MIT Stringency
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Opportunities Per Flight: Number of Opportunities Elevating Apts to the Top 5
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QOur Approach

Gather
Quantitative
Data

e Define Metrics and data sources

e Evaluate site-specific performance and opportunities for improvement
e Rank airports based on various performance attribute

e Identify top candidates for operational improvements

Gather e |nitiatives and commitments already in progress
Qualitative e Operational Insights
Feedback & e Airspace Modernization Roadmaps
e Industry Priorities

Perspectives
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TBEM Arrival Metering

Weekly Use Daily Duration Proportion of Metered Arrivals Assigned Delay Compliance
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TBFM Extended Metering

Weekly Use Daily Duration Proportion of Metered Arrivals Assigned Delay Compliance
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Eastern Service Area

Central Service Area

Western Service Area

Weekly Use Daily Duration Proportion of Scheduled Arrivals Assigned Delay Compliance
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Eastern Service Area

Compliance
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Weekly Use Daily Duration Proportion of Scheduled Arrivals Assigned Delay
ZBW BOS NN 1.4 BOS | mmjii— BOS H&% BOS 49% C a3% %
ZDC |BWI |I—— | | B | Hoa— BWI 5%~ BWI 66% 0 31% 3%
DCA — | DCA 60— DCA [ I EE LR DCA 64% Co3% 2%
IAD I ( IAD _1.1-6————1 - IAD . r-—o-lmw IAD 62% . 33% 5%
|RDU RDU RDU RDU
ZJX |MCO mu— 6.4 | | MCO | Hos—i MCo Mco 49% C % 5%
ZMA [FLL e | | FLL | Bod—1 FLL  Hf2 FLL 58% ]
MIA I | MIA ﬂoﬁ—-l MIA MIA 58% o 39% 3%
PEl eessssssssssssssssmem || PBI | o2+ PBI  H{s% PBI 5% A mEE
TPA  — 3.1 TPA | oo TPA % TPA 57% T % 3m
ZNY |[EWR S| | E\WR | H—] 114 Ss— | | EWR bt 2791 EWR 6% Coass e
HPN  — 2.4 HPN | foz— HPN Ha2%— HPN 279% IS 006 S
JFK ezl | JFK o0 ———— JFK | bt 17001 JFK 50% T a5
LGA | | | LGA mue—i ||LGA Co e az96— LGA 51% S % W
PHL || [ PHL | Hes|as—— PHL | +sfaseed - PHL 50% o 3w 3%
TEE Sl | TEB | #os+—— TEB  +—=]1106— TEB 40% S s% W
ZTL [ATL s :.2 ATL | How—i ATL n% - : ATL 53% S ae sl
CLT s 5.3 ct | mos— CLT  fuse - - cLT 55% [ 7L R
ZAU MDW I————— | Mbw 10-5-4 MDW 'H“B% MDW 74%
ORD I ( ORD | E—— 1.5 ORD I s £ ORD 51% a6
ZFW |DAL |G | | DAL o5 — DAL HH4% DAL 60% 3% 4%
DFW s——  DF\V  ——f— 5.7 s DFW - Hjzom DFW 57% S % 3%
ZHU [AUS s 2.3 AUS | Hos AUS a6 - AUS 50% T s B
HOU HOU 'HOU HOU
IAH | | |AH HE 14— IAH  -H6% - 1AH 719%
mMSY ‘mMsY mMSY MSY
ZID |CMH CMH CMH CMVH
VG CVG VG CVG
IND IND IND IND
ZKC |MCl mcl (V] mcl
STL |STL STL STL
ZME |BNA BNA BNA BNA
MEM | 1.1 MEM | o MEM Hf3% MEM 8% A el
ZMP MSP IE——| | MSP | ot MSP  Hebe MSP 59% L a0% 194
ZOB | CLE CLE CLE CLE
DTW I ( DTW I 0:0i- DTW *2% DTW 81%
PIT PIT PIT PIT
ZAB |PHX |— 3.0 PHX | Hm|12— PHX Hfs% - PHX 52% S asw 2%
ZDV |DEN mEssssssssssssssssssn| | DEN | 1.7 sws——— DEN | -Hfe% DEN 63% T zam 2%|
ZLA |BUR BUR BUR BUR
LAS IE— | LAS e LAS | --+—is7a LAS 40% S s%
LAX i | | LAX == 1531 LAX | - -Hfsas LAX 6% S A 4w
LGB LGB LGB LGB
SAN S .0 SAN | oz SAN He% - SAN 52% L e 3W
SNA SNA SNA SNA
VNY VNY VNY VNY
ZIC (SIC | (SLC | FE 3 SLC  H{s%— SLC 63% o % 2%
ZOA |OAK s 2.4 OAK 06 [OAK Hfspe - OAK 61% L 3w 3%
SFO I 5.1 SFO  HE{ia— SFO  Hefsee— SFO 4% o ase mEzeEd
sJcC sJcC sJc sJc
[SMF  — 1.7 SMF | Hjes SMF _Hja9 SMF 66% Com% 38
ZSE |PDX PDX PDX PDX
SEA SEA SEA SEA
o 1 2 3 4 5 6 7 0 5 10 15 0% 20%  40% 60% 20%  40% 60%

Avg. Number of Days per Week

Duration (hrs)

Arrivals (%)

Arrivals (%)

MCO eSS e

FLL

MIA S 7496 e

PBI

—
hd
>

EWR
HPN
JFK
LGA
PHL
TEB
ATL
CLT
MDW
ORD
DAL
DFW
AUS
HOU
IAH
MSY
CMH
CcVG
IND
MCI
STL
BNA

MEM o 7 6o s s
MSP 7 oot e

CLE
DTW
PIT
PHX
DEN
BUR
LAS
LAX
LGB

SAN 496 79 s

SNA
VNY
SLC

OAK  18% 6% (sl
SFO 18%  70% [N

SJC

SMF  18%  67% [SIsss

PDX
SEA

40%

60%

Arrivals (%)

Compliance type
M 1.5+ minlate
B compliant

M 2.5+ min early




ication of MiTs

Weekly Use Restriction Duration MIT Value Stringency by Providing Facility
/ ZAB ZAU ZBW ZDC ZDV ZFW ZHU ZID ZJX ZKC ZLA ZLC ZMA ZME ZMP ZNY ZOA ZOB ZSE ZTL \
zBw |BOS NN BOS {15 ——— BOS | BOS
zpc |Bwi I S o BWI Hi-0 Bwi [N BWI
DCA I | DCA e E o SRR DCA [Tso%] 34% | || DCA | ] o
IAD | | |AD 1o IAD  [ISE%Ns1%] | MIT Value (NM) 1AD
© RDU RDU RDU s RDU
(]
& [2)X_[Mco MCO | HHig— mco IR E 10 Mco
o |ZMA [FLL I | ( FLL bt 2.0 - FLL  PBS9%69a5% H1s FLL || ||
; miA I | MIA i 2. 3 - MIA ISz M 20 MIA [ || [ |
b Pel I | PBI [ EX R PBI  [EsE 25 PBI [ | [ |
& TPA I S 1 TPA bt 2.7 ——— TPA W M 30 TPA
£ [zny [EWR I | | EWR | et 2.2 i e EWR  EZ2960S9% 1 25% || ::: EWR || ]
g HPN I 1 0 HPN b 23— HPN W HPN
@ JFK I | (| JFK el 2.6t - JFK Is9%I25% | JFK ||
w LGA I—— | | LGA P 1S bt e R R LGA  |[IEssNEss|| LGA | [ |
PHL I 6 4 | | PHL Hi0- PHL  [Ease PHL
TEB I S -© TEB bt 2.3 e - TEB  IINS89%26% TEB | 1
ZTL |ATL I | | ATL Hixa ATL W ATL
CLT I > 5 CLT | i cr CLT
ZAU |MDW I > MDW = Hos MDW MDW
ORD I ( ORD Hjotg-eeeeeo- ORD ORD [ [ [
ZFW |DAL NN 10 DAL 2.6 —— DAL | DAL
DFW I | | DFW Hito - DFW DFW
@ [zZHU |AUS I o 4 AUS H1e— Aus | AUS
o HOU NN 11 HOU Hos HOU | HOU
j IAH . 4.6 IAH Hito IAH =] I1AH
Q MSY 0.0 MSY Hl1s MSY | MSY
£ zib |[cvG loo VG j13 CVG  |100% VG
3 IND I, 4 3 IND ~{20 : IND W IND
= |zkc [mcl mcl MCI McI
=} STL STL STL STL
S |ZME [BNA o4 BNA | Hido BNA | BNA
© MEM | 0-9 MEM | Hiza MEM _HI MEM
zmp | MsPp I MSP Hitio.8 msp I MSP
Z0B |CLE CLE CLE CLE
pTw MoO.2 DTW H131 DTW  |100% DTW
PIT ]0.0 PIT i22 PIT  |100% PIT
ZAB |PHX I PHX Hos PHX | PHX
ZDV |DEN | DEN | Hiaio DEN | DEN
ZLA |BUR EMO05 BUR Hm{2 1 —— BUR | BUR
- LAS I ( LAS ot 1.3y LASs N LAS
= LAX I | | LAX +HE1s = LAX [H LAX ]
g LGB [N 1.0 LGB {28 m— LGB | LGB
5 SAN I S 2 SAN Hiols SAN W SAN
5 SNA I 2.0 SNA {25 ———— SNA 1 SNA
) VNY 09 VNY Hl 17— VNY | VNY
£lzic [sic W SLC Hos sic | SLC
S [zoa |[0AK NN 17 OAK tol 0AK | OAK
o SFO I 5 2 SFO 1o SFO [ SFO
= sJC NS sJc HHLo sic | sJC
SMF 0.1 SMF jFE SMF | SMF
ZSE |PDX 00 PDX jos PDX | 100% PDX
SEA HO2 SEA -] 22— SEA | SEA
0 1 2 3 4 5 6 7 0 S 10 15 20 OK 1K 2K 3K 4K 5K 6K 7K
stringency o [ 751725
Avg. Number of Days per Week Duration (hrs) Number of Restrictions




T ——

Published Approaches in Use

Proportion of Candidate Arrivals

Proportion of Equipped Arrivals and Equipped-Conforming Arrivals
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180 > & OurApproach
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e Define Metrics and data sources

e Evaluate site-specific performance and opportunities for improvement
e Rank airports based on various performance attribute

e Identify top candidates for operational improvements

Gather e |nitiatives and commitments already in progress
Qualitative e Operational Insights ( We are here
Feedback & e Airspace Modernization Roadmaps

e Industry Priorities

Gather
Quantitative
Data

Perspectives

DIV (o) 0] [ (- * Deep-dive analysis on operational issues
specific and drivers of performance shortfalls
e |dentify actions that will support
performance improvements
e Prioritize and coordinate improvement activities

improvement

Strategy

) M Assess Progress
and Refresh
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Measuring Progress:
TBO Analytics Demo

Almira Ramadani, Air Traffic Services
Brandon Smith, TBFM Ops Team/NATCA
Dave Raymond and Curt Rademaker, System Operations Services
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< TBO Objectives

m _{ ¥ .Data-Driven Operatiohal Improvements
e —

Analysis Supporting Lifecycle Management
+ Shortfall analyses
+ Analyses of alternative improvements
+ Cost-Benefit analyses
+ Stakeholder views

i

« TBO touches on each objective

+ Exogenous vs intended outcomes.
+ Qualitative vs quantitative views
* Monetization
- Post-implementation analyses
« Technical (system performance)
+ Operational (use and outcomes)
+ Benefit achievement

ipald

« Trade-offs between objectives exist,
but are not well understood and
difficult to quantify

Age)

@ -

180 _{ * Data Collection and-Analysis Timeframes
-

Next Day Monthly/Seasonal

9-AJT-TBO@faa.qov
https://www.faa.gov/air_traffic/technology/tbo/
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TBO'Analytics Highlights

Established an infrastructure for automated integration of critical data-sources

Enables standardized and quick comparison of critical metrics at select locations and
customized periods of interest

Supports a broad range of needs and users

« Have key benefit expectations been achieved? Are there additional opportunities for improvement?
 Are there significant changes in TFM? Is use of TBM increasing and use of conventional TMIs decreasing?

- What other insights do we need to consider when interpreting performance outcomes (context)?
It doesn’t think for us, but it does provide critical insights we need to consider...

Complements reporting by other FAA tools and provides consistent evaluations for the
same inputs

Living tool with increasing user-base and requests for expanding its capabilities




Integqrated Data
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Individual Flight Data Quarter Hour Airport Data

M DR Matrix
SC Arrivals Settings QH Airport Diversions Airb_or.ne
Data Activity

Test GDP MDR M DR ACM BPE Flight ASPM PDARS Go
Flight Level Seneauiec Crossing Data Cancellation Arounds

Departure
2 J

Tableau Server Tableau Server

e o | BO Analytics TBO QH Eeeemma B0 Analytics

Data

TBO

Master
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Federal Aviation

' — - ‘ ) Administration TBO Analytics
| , m B O A n a I yt I c s To O I : C o n te n t Airport Period 1 - Start Period 1 - End Period 2 - Start Period 2 - End Reportable Hours
“TBO ;. —1 °
7\
! /1

DEN January 3, 2020 January 30, 2020 October 3, 2021 October 30,2021  True

Airport Context - DEN

Period 1: January 3, 2020 to Januar) 'y 30,2020 Period 2: October 3,2021 to October 30, 2021

Reported Runway Configuration Reported Weather Category Reported Runway Configuration Reported Weather Category

Airport Context |. V -.. | h

© D |ffe rences | no pe ratl n g con d |t| ons Called Rates During Reportable Hours Norm.Diversions. .| Moriel. Called Rates During Reportable Hours p—— tom,

2o0%
o ) g

TBFM Arrival Metering System Overview || |

- Differences in use of Arrival Metering System e

1,000 Arrival
—_
—_—

00

Events per 1,000 Arrivals

0% ] £ 2
0o 5 1 15 220 2 3 35 &
o1 Quarter-Hour Called Arrival Rate 0

Average Quarter-Hour Arrival Throughput

Operational Topics of Interests : 9: QC : 7

« Sequencing Delays in TRACON

ZuluTime

Distribution of Total Arrivals per Zulu Day

* Runway Inter-Arrival Times and Quarter-Hour Throughput .
Time Between Aircraft Through the Meter Fix g T o e e . N B

« Taxi Out and Departure Delays at Origin Airports

Benefi
Expectations
A

TBFM Arrival Metering System Overview - DEN

§ |+ Application of MIT Restrictions —

7)) 7 s o
- 'g g — * Incremental Delays (TBFM Dep Sch and GDPs) | w | ple—e o | ™
c g S - « TBFM Arrival System Metering Delay and Compliance Hi
© - N

H . . ® BoRDR Daily Metering Duration (hrs)

S 35 « TBFM Extended Metering Delay and Compliance g e
m O ) ° ZuluTime
-

« TBFM Departure Scheduling Delay and Compliance 8y e
| + Timein TRACON For Metered Flights “
+ TBFM Assigned Runway Compared to Arrival Runway Used .

Context

*  Go-Arounds "
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ZLC
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DEN Metroplex
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Live demo

DEN, Nov 1-Jan 27: 2019/20 vs. 2021/22

* Airport Context

«  TBFM Arrival Metering Use

- Did we move the needle in the right direction?
« Sequencing Delays
 MIT Use
« TBFM Dep Scheduling

* Addl’ outcomes

 Taxi-out and departure delays
« Go-arounds

AT ? o

Vi L7 SN

Ha Az [N

: § NRICKN

RANE S By !

LN N2
s N

44



45

Q Airport: DEN

1 NOV 2019-31 Mar 2020

1 NOV 2021-31 Mar 2022

City Pair Comparison Individual ARTCC Comparison
Period B City Pair Count Period B Avg Filed Vs Flown Period B Avg Schedule Delay Period B ARTCC FvF Dist Period B ARTCC Sch Delay
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Complementary Insights: RNP Use

KDEN Monthly RNP AR Utilization
KLAX Monthly RNP AR Utilization
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. f Complementary Insights: RNP Use
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Jun 01, 2021 - Sept 13, 2021
LAX, Before EoR

_ Cleared for
Equipped RNP (0.4%)

(64%)

Equipped and in
Position(26%)

In Position
but not
equipped
(19%)

Overall Position
(45%)
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Sept 14, 2021 - April 30, 2022
LAX, After EoR

_ Cleared for
Equipped RNP (3%)
(67%)

Equipped and in
Position(27%)
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but not
equipped
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Overall Position
(43%)
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In Summary...

TBO Analytics tool — a living tool that:

Integrates data across multiple sources and evaluates performance outcomes for focal
airports in the first four operating areas in a manner of seconds

Helps understand both if the needle moved in the right direction, and if that movement
was likely influenced by TBO

Provides consistent reporting with other FAA tools that mine the same data sources
Supports a wide range of analyses and reporting needs and users

Provides data-driven insights that are necessary for understanding impacts made by
TBO deployments, but does not interpret changes in performance




Wrap-up and Questions




_T'ﬁ iTBO:Mid-Year Review of Accomplishments: 2022

e
-

-

Implementation
Milestones

TBFM v4.10.2 operational at ZAB/key site (Jan) \

IDAC: NEC—MDT, ISP, ABE, ACY (Jul); NW Mountain—DEN, APA, COS, ASE (Jul); SE—MIA, FLL, RSW, PBI, TPA, FXE (Aug)

TBO efforts integral to FL initiative: SE—IDAC (Aug/Sep); OPF adapted in TBFM; ZMA—Possible Adjacent/Coupled scheduling to ATL/CLT/NY
SW—Extended Metering design development for LAS (Sep)

DataComm initial En Route services to ZOA (Feb), ZMP (May), ZMA (Jun); DataComm Full EnRoute services (fall)

TFMS R15: Reroute Impact Assessment, Surface Viewer—TFMS & TFDM (Oct)

TFDM 10C CLE Build 1.4 (fall)

Communication
& Stakeholder
Engagement

First local TFDM CSIT meeting at CLT: FAA and stakeholders discussed surface automation, management, roles and responsibilities (May)
Coordinate TBO strategy with SESAR Deployment Coordination Committee (DCOM) (Jun)
TBO Industry Day (Sep); FAATBO Summit (Nov)

Testing & Risk

SRM for Departure Scheduling to PHL (Apr)
TFDM Operational testing at WJHTC (Apr); initial operational testing at CLE (Jun)

Mitigation TBFM/TFDM SW Interoperability assessment with Ops teams (Jun)
TMO Oirientation training package: focused on TBO role in coordination and execution of iTBO in the field
DCC remote TBFM Training class first conduct completed, pending evaluation (May)
Training/ iTBO Training and Education for ATCSCC: 3 Phases- Overview of TBO (Mar), TBFM Functionality (May), TBFM Mechanics and Use Case (Aug)
Education TFDM initiated training for Tech Ops (Jun)
eLMS Course 60005744: TBFM Air Traffic Control System Command Center Training for ATCSCC Personnel (Aug)
SW—ZOA training on metering for LAS (Sep)
JO 3120.4 updates for ETMC and TBFM attendance
\A\’I‘.’rkhrci Update to FAA JO 7210.3 Chapter 18-10-4 Definitions (May)
ignmen Traffic Management National, Center, and Terminal, Section 21 Operations Plan (Nov)
Performance TBO Analytics enhancements: MIT restriction data, sequencing delays, incremental delays due to GDPs and TBFM departure schedullng (June)
Assessment TM capability health assessment (ongoing as of Aug) o N
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Appendix = Metric Definitions
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Metric

Definition

Source

Sequencing Delays in TRACON

The difference between the time in TRACON for a flight and the nominal time in TRACON for the flow (gate and arrival runway
or meter fix and arrival runway). Calculation: Flight Time in TRACON minus nominal Time in TRACON.

TBFM Data

Runway Inter-Arrival Times

Time between two consecutive aircraft across the runway threshold. Calculation: Identify time a lead aircraft crosses the runway
threshold and time a trailing aircraft crosses runway threshold. Calculate IAT by taking the difference between the trailing and

Base Processing
Environment

leading aircraft times crossing the runway threshold. Calculate count and proportion of flights with IATs falling within given (BPE) Data
and Quarter-Hour Throughput intervals (i.e., bins). Both metered flights and non-metered flights are included. Additional Information: Calculated by individual
runway but may be aggregated to obtain IAT distribution for a particular runway configuration.
Time between two aircraft through the meter fix. Calculation: Identify time a lead aircraft crosses the meter fix and time a trailing| TBFM Data
Time Between Aircraft Through aircraft crosses th_e meter fix. Cglculate IAT. by diffgren_cing Frailing anq Iead_ing aircraft times crqssing the meter fix. Calgulate
the Meter Fix couht and proport_lo_n of flights W|_th IATSs falling W|th|.n given intervals (i.e., bins). Both metered fl|ght_s and nf)n-.met_ered flights
are included. Additional Information: Calculated by individual meter but may be aggregated to obtain IAT distribution for a
particular gate or corner post.
It is the difference between Actual Gate Out time and Actual Wheels Off time, in minutes. It is the actual taxi-out time for flights | ASPM Flight
Taxi Out Time at Origin Airports with reported Out-Off-On-In (OOOI) data, otherwise it is estimated. Calculation: The taxi-out metric is queried directly from Data
ASPM using the field TO.
Schedule Departure Delay Definition: The runway departure delay in minu.tes assigned by TBFM. Calculation: The difference .bet.ween_the TBFM- TBFM Data
at Origin Airports scheduled time pf departure (STD) and the estimated time of departure (ETD). Additional Information: Metric calculated for
9 P departures destined to selected airport.
Application of MIT Restrictions: Average number of days per week when MIT restrictions were in place. NTML
Weekly Use
Application of MIT Restrictions: Duration in hours of each restriction that was in place. NTML
Restriction Duration
Application of MIT Restrictions: Distribution of restrictions by MIT value (in NM). NTML
MIT value
Application of MIT Restrictions: Stringency, defined as the restriction duration in hours multiplied by the MIT value; it shows the severity of the restrictions. NTML

Stringency

Application of MIT Restrictions:

Difference between flown distance and filed distance for arrivals affected by MITs. Positive values indicate that the flight flew

AJR-G's filed vs.

Filed vs. Flown Distance additional distance than planned. flown data
Incremental Delavs The assigned TBFM delay that does not overlap with the assigned GDP delay for flights with both GDPs and TBFM departure | EDCT Flight
TBEM Deb S hy d GDP scheduling. Calculation: Final TBFM Scheduled departure time minus EDCT in minutes. Additional Information: Negative Level Data
( ep schan s) incremental TBFM delay indicates a flight was scheduled to depart earlier than the EDCT. TBFM Data
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Metric Definition Source
: . .| The airborne delay in minutes assigned by TBFM to a metered flight to maintain a de-conflicted arrival schedule at the destination TBFM Data
TBFM Arrival System Metering: airport. Calculation: The difference between the TBFM-scheduled time of arrival (STA) and the TBFM-estimated time of arrival (ETA) at
Delay .
the meter fix.
TBFM Arrival System Metering:| The fraction of flights with zero delay, with less than 5 minutes of delay, and with 5 or more minutes of delay. Calculation: The ratio TBFM Data
Delay Rate between the number of compliant flights and the total number of flights metered to the arrival system.
The accuracy with which a flight crossed the meter fix with respect of its STA. Calculation: The difference between the actual cross time | TBFM Data
TBFM Arrival System Metering:| and the STA at a meter fix. Additional Information: A flight is “Compliant” when crossed the meter fix within -1.5 minutes and 1.5 minute
Compliance of its STA, “1.5+ min Early” when crossed it earlier than 1.5 minutes of its STA, and “1.5+ min Late” when crossed it later than 1.5
minutes of its STA.
TBFM Arrival System Metering:| The fraction of flights with zero delay, with less than 5 minutes of delay, and with 5 or more minutes of delay. Calculation: The ratio TBFM Data
Compliance Rate between the number of compliant flights and the total number of flights metered to the arrival system.
TBFM Extended Metering The airborne delay in minutes assigned by TBFM to a metered flight to maintain a de-conflicted arrival schedule at the XM arc. TBFM Data
Delay Calculation: The difference between the TBFM-scheduled time of arrival (STA) and the TBFM-estimated time of arrival (ETA) at XM arc.
The accuracy with which a flight crossed the XM arc with respect of its STA. Calculation: The difference between the actual cross time | TBFM Data
TBFM Extended Metering and the STA at a XM arc. Additional Information: A flight is “Compliant” when crossed the XM arc within -1.5 minutes and 1.5 minute of
Compliance its STA, “1.5+ min Early” compliant when crossed it earlier than 1.5 minutes of its STA, and “1.5+ min Late” compliant when crossed it
later than 1.5 minutes of its STA.
TBFM Departure Scheduling | The runway departure delay in minutes assigned by TBFM. Calculation: The difference between the TBFM-scheduled time of departure | TBFM Data
Delay (STD) and the estimated time of departure (ETD). Additional Information: Metric calculated for departures destined to selected airport.
The fraction of flights that departed compliant with their STD. Calculation: The ratio between the number of compliant departures and the| TBFM Data
TBFM Departure Scheduling | total number of scheduled departures . Additional Information: A flight is “Compliant” when departed within -2.5 minutes and 1.5 minute
Compliance Rate of its STD, “2.5+ min Early” when departed earlier than 2.5 minutes of its STD, and “1.5+ min Late” compliant when departed later than
1.5 minutes of its STD. Metric calculated for departures destined to selected airport.
Time in TRACON For Metered | Time a flight spent inside the Terminal airspace; calculated for metered flights only. Calculation: Difference between meter fix crossing | TBFM Data
Flights time and wheels-on time.
TBFM Assigned Runway Comparison between the TBFM-assigned runway at the time the flight crossed the meter fix and the actual arrival runway, as reported in| TBFM Data
Compared to Arrival Runway | CountOps data. Calculation: Pull directly from TBFM data. Both the percentage and total number of flights for each category are shown | CountOps
Used for each period. Data
Number of go-arounds per 1,000 flights. Calculation: The number of arrivals with go-arounds is normalized by dividing it by the total PDARS Data

Go-Around Rate

number of arrivals and then multiplying it by 1,000. Additional Information: The presence of a go-arounds is determined algorithmically byj

PDARS. Go-arounds are joined to the quarter hour table by the time the go-around occurred.
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Metric Definition Source
*Proportion of QH periods in which at least one arrival was delayed 5 or more minutes by any delaying system (not total delay) while MITRE
Airport efficiency opportunity | airport capacity utilization was less than 75% CAASD’s
score *Similar definition stands for 15 or more minutes of delay and arrival capacity utilization less than 90% TDAS, TFMS,
NTML, ASPM
*Proportion of arrivals that were delayed 5 or more minutes by at least one system while airport capacity utilization was less than 75% by| MITRE
delaying system CAASD’s
Delayed Arrivals *Similar definition stands for 15 or more minutes of delay and arrival capacity utilization less than 90% TDAS; TFMS;
*Caveat: if a flight has been delayed by more than one system, that flight will be included in each delaying system group and therefore, [ NTML
the total number of delayed arrivals will be inflated
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