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ATD-2 Concept Overview

ATD-2 CONCEPT DEPICTION

Video available online at: http://aviationsystemsdivision.arc.nasa.qgov/research/tactical/atd2.shtml
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ATD-2 Project Background and Timeline

Integrated Arrival/Departure/Surface
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ATD-2 i1s a TFDM Precursor
Benefits Demonstrated at CLT

e Multiple benefits mechanisms
Supiaes (benefits through 2020-01-31)

Maintains
On-Time

Metering
Performance
|ADS e e 4,379,031 Ibs. of fuel
System saved
« CO, savings equivalent to
wagron gnc_i Reduces 100,292 urban trees
Red missions
S "'+ 557.0 hours of surface
Congestion — " delay saved

« $2,673,697 passenger
value of time

Enables More

Options While o $757,627 flight crew
at the Gate CcoSts

Improves
Overhead
Stream
Insertion

e 3,317 hours of reduced
runtime on engines

Explanation of surface metering benefits: https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/presentations/4C_ATD2 Benefits Industry Day FINAL.pdf

Explanation of overhead stream benefits (analytical): https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/presentations/3C_ATD2 APREQ Industry Day FINAL.pdf
Explanation of overhead stream benefits (operational): https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/presentations/4B_Prescheduling_with EOBTs 90519v1.pdf
How compliance helps stream insertion: https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/presentations/7B_ATD-2 IndustryWkshp ApregCompl Streaminsertion v2.pdf 4
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TP EOBT Pre-Scheduling Compliance Improvements @’

Integrated Arrival/Departure/Surface

Destination Before Pre-scheduling | After Pre-scheduling Destination | Pre-scheduling Analysis Date Range
Airport Airport Start Date

KATL 68.2% 75.5% Dec 2018 Dec 2017 — Feb 2020
KORD 71.6% 74.0% KORD  Jun 2019 Jun 2018 - Feb 2020

KLGA  Nov 2019 Nov 2018 — Feb 2020
KLGA 71.4% 74.6%

APREQ (TBFM time) departure compliance has improved across the board with pre-scheduling.

This helps the downline airports being served with higher schedule integrity (better planning).



KCLT APREQ Daily Compliance
MAM..I,.m 10k Rolling Window @

APREQ Compliance 10K Rolling Window
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Compliance out of CLT has improved dramatically during ATD-2. Now well above average for NAS.



KATL Before and After Pre-scheduling

KATL Pre-Scheduling Distributions, Before vs. Afte
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KORD Before and After Pre-scheduling @’

KORD Pre-Scheduling Distributions, Before vs. After
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ATDP ATD-2 to TFDM Transition Plan at CLT @

NASA-funded ATD-2 Field Demo Overlap* FAA TFDM
I New CLT ATC Tower TFDM Initial Operating Capability

TFDM In-Service Decision

NASA’s ATD-2 Field Demo is a pathfinder for Terminal Flight Data Manager (TFDM) Decision point for
capabilities that the FAA will implement at 27 airports. nation-wide deployment
Executive Summary Motivation for Continuing ATD-2 Operations

« CLT was chosen as a TFDM key site specifically because of
the ATD-2 Field Demo

Leverage NASA ATD-2 investment to reduce risk

«  FAA and Industry stakeholders desire to continue ATD-2 for FAATFDM key site deployment to CLT
Z_Fégagi?e”: rr?t(jce:\l;e-l,:lct)o s(rjnoc:th trinsitioln to TFDI:VIb . — Continue refining Processes, Procedure, and Policy
FAA partners (i.e. Tlee[))Maa{]aclnlillelgtr(]B%r?)n\/lirf];\?RDaS OI'-\’r%'II'On " (P3) f of surfac_e.meterlng :

 FAA senior leadership in ATO and ANG have committed B Cont_lnu_e providing prototype TFDM. .Te"“”?a'
resources to fund transition operations Publication (TTP) SWIM feed to facilitate flight

« NASA senior leadership has concurred with plan operator on ramping

«  Commitments will be documented via written agreement * Minimize disruptions for CLT operational facilities

(ATC, flight operators, airport authority)

« Continue providing benefits to flight operators and
the flying public



ATD-2's Engagement in “Surface meets TOS”

Integrated Arrival/Departure/Surface

« 2016 — Metroplex demo in NTX for agreed to in original project plan

e Input from community during 2018 Spring CDM in Memphis to look
into “Surface meets TOS”

* Numerous meetings with FET/SCT, joint tasking. Engagement with
CAT on NTML/TFM Flow.

« ‘Stormy 19’ pathfinder, data collection, lessons learned and sharing
with the community in Oct 2019

 Next week, FET/SCT meet at NASA NTX for detailed discussion
« Partners are working toward this summer’s evaluation (Stormy 20)

» Sep 30, 2020 - ATD-2 project ends. NASA proposed follow on work
includes continued TOS evolution consistent with FAA/Industry plans

Oct 2019 Workshop Panel Discussing Stormy 19



D10 ATD-2 Airspace Map With Departure Fix Restrictions

Integrated Arrival/Departure/Surface
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New Metric - System-Wide Benefit of Single Reroute
A]m AAL2565 at 2019-12-16 13:45:42 @
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New Metric - System-Wide Benefit of Single Reroute
A]m AAL1454 at 2019-12-16 14:45:16 @
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In this example, the runway (not departure fix) is the biggest bottleneck. Thus, lower benefits for terminal reroute. 13



New Metric Fields In The TOS Table

Integrated Arrival/Departure/Surface

ﬂ|@|g g %2 TOS Departure - Eligibility State = Candidate; Coord State = Not Submitted; Eligibility State = Potential m
Num Top Top Total
Flight ID | Rwy | Dest Route of Flight 0% | eoera | Figntsatus | EToT | Mo | 951 | coordstate |Tos | TopcOR | Dep | oo | PN Delay
ate State ETOT | RT( S
— g5 OFF
22f19:05  |Scheduled_Out |22/20:02 15M |Candidate Mot Submitted 472 BOSJ3 NORTH | 19:13%+9 -28 =
22f19:05  Scheduled_Out |22/19:18 |Potential |Mot Submittecll |0 MIA1S SOUTH 19:158+16 | -3
22/19:15  |Scheduled_Out |22/19:24 |Potential |Mot Submitte 0 BWIJ3/NORTH 19:18 §+18 | -6
221935 Scheduled_Out |22719:44 |Potential |Mot Submittecll 0 LGAJ3 INORTH 19:32§+27 | -12
22f19:40  |Scheduled_Out |22/19:51 |Potential |Mot Submittecll 0 TPA1S SOUTH 19:36§+38 | -15
22/19:50  Scheduled_Out |22721:18 15M Fix... [Candidate Mot Submitte 1 JAX1S |[SOUTH| 20:55 §+20 || -23
22f19:55  |Scheduled_OQut |22/21:28 15M Fix... |Candidate Mot Submittecll |2 FLL1S SOUTH 20:47 §+38 | -45
22f20:00  Scheduled_Out |22/20:09 |Potential |Not Submittecl 0 BWIJ3 NORTH 19:48 |+34 | -21
22f20:00  Scheduled_Out |22/20:10 \Potential |Mot Submittecll |0 MSY1S SOUTH 19:50 g+27 | -20
2220003 Scheduled_Out 22/21:49 15M Fix... Candidate  |MNot Submitted ~ MCO1S/SOUTH 20:59 +46 || -56 -]

X

PI’ObabIhty Of To Top Total Aggr Num Aggr Num Aggr Num Aggregate
Delav Savi RTE: Delay ||Del Sav ||Fleet |Fleet | Airport | Airport | D10 D10 delay savings
elay savings Savings OFf Del Sav | Del Sav | Del Sav | Del Sav | Del Sav | Del Sav indicated
bove are Indicate
a +5 Sy 53% 302 20 409 | 29 ' 56.5 40 _ t the Eleet
Relative +5 +17 a_ € eel,
Trajectory +10  [+20 Airport and
+9  1+22 | . | | . D10 levels
Cost (RTC) +13  |+29
threshold +17  |+21
+26 +27
+16 + 35
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AlL2

Integrated Arrival/Departure/Surface

ATD-2 is Powered by
System Wide Information Management (SWIM)

PRODUCERS

ITWS

€55 Wx
WMSCR

WARP/EWD
CIWs

AIM FNS
AlM SAA
AlM

SFDPS

CATEGORIES BUSINESS
OF DATA SERVICES

TERMINAL FORECAST WEATHER
ADVANCED WEATHER INFORMATION (2015)

PIREP/ALTIMETER SETTING
GEOSPATIAL WEATHER INFORMATION
ADVANCED FORECASTING

FLIGHT AND FLOW INFORMATION

METERING INFORMATION

ELIGHT/FLOW EXPECTED DEPARTURE CLEARANCE TIME
REAL-TIME SURFACE MOVEMENTS

HOTAMS
SPECIAL ACTIVITY AIRSPACE
AERONAUTICAL CHARTING

EN ROUTE FLIGHT STATUS UPDATE TRACKING
DATA FLIGHT REROUTE INFORMATION

SURFACE TOWER DEPARTURE EVENTS
MOVEMENT

INFRASTRUCTURE & SYSTEM
LEVEL CAPABILITIES

CONSUMERS

STDDS

Image above from FAA website: https://www.faa.gov/air_traffic/technology/swim/swift/media/SwimArchitecture.png

|
AREA SURFACE MOVEMENT EVENTS NAS OP IP BACKBONE

Examples of how ATD-2 uses SWIM: http://connect.Istechlic.com/files/SWIFT _ATD2 Consolidated 20190521v2.pptx
Examples of data mappings: https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/fuser/TEMS-Flight-Data-Mapping_85328230.htm|
Examples of data products; https://aviationsystems.arc.nasa.gov/atd2-industry-workshop/presentations/1C_consistent _reporting_1.pdf 15
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Help Needed @

« Assess CDM-Sensitive data access rights of key elements
— In TFDM feed, EOBT may be the only truly sensitive data element
— Are operator ‘gate assignments’ CDM-sensitive? Can be obtained via others sources ($).

e Data access support for solutions providers
— Support for CDM-Sensitive access so folks can innovate and prepare for TFDM

« ldeas and engagement for data-driven services
— Join the SWIFT revolution
— More innovation that leverages SWIM, rather than requiring changes to 3T systems

o Support for continued NASA collaboration (through CDM groups, NAC groups, etc.)

16



ATP? Backup

e Backup

17



TOS Alternative Routes — Process Flow

Integrated Arrival/Departure/Surface

o Before Day-Of Ops. Formulate ‘Static TOS’ e Terminal Predictive Engine Determines Impact
. A|TC anq oper?torf ictl)entif{.?cgeptable \ADS Scheduler D10 TRACON )
alternative routes to be notified on = —
e . . ETA STA - Continuous
» Routes codified in ATD-2 static adaptatlon 108 1 _ @ @ assessment
* NASA and operators agree on Relative of. . @ : of demand
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ION>

EX>1</ "‘1-'—-_ INDEX>
<REL TRAJ COST>0</ 'RE L TRARJ_COST>

Terminal
Capacity
Throttle
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» When the RTC thresholds are met, the route
operator is informed of ‘candidate TOS routes” « ATC evaluates the TOS routes for operational V| M || i"
* Operators can then submit an acceptable TOS feasibility. If approved, all users are notified, Wl P
the filed route is amended, and pilots are « Benefits
i':?é} Delay savings > Relative Trajectory Cost ? cleared on the revised route y Les-s.ons
» Refinements
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Demand Capacity Imbalances
MAIQ In D10 TRACON Airspace

Fix compression caused by weather events near TRACON airspace

Currently Load Balancing With TOS

(Trajectory Option Set)

19



AT? ETOT Accuracy on 2019-12-15

Integrated Arrival/Departure/Surface

lookahead_60_accuracy lookahead_55_accuracy lookahead_50_accuracy lookahead_45_accuracy lookahead_40_accuracy lookahead_35_accuracy

mean: -0.64 std: 10.56 mean: -0.72 std: 9.98 mean: -0.81 std: 9.55 mean: -0.8 std: 8.92 mean: -0.83 std: 8.57 mean: -0.68 std: 8.18
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Delay Savings Distribution Based on
MAWI,.m ETOT Accuracy from 2019-12-15

Lookahead 53.5 Minutes: Predicted Delay Savings = 22.65
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