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emmmmasmrenmae® \Why Is a NextGen Avionics Roadmap
w2 | Operational Needed’?

Concepts

Six core groups of

CON
OPS Aircraft Capabilities
IWP Ols, } mediessimses - Avionics Road Map
w/Aircraft Coalesce Aircraft-Centric Capabilities
Implications _Ir'. many Slmllar (bundles 35 existing WP Ols)

1. Safety Enhancement

improvements
based on common
applications,
technology
etc.

2. Published Routes/Procedures

3. Negotiated Trajectories

4. Delegated Separation

5. Low-Visibility Approach/Departure/Taxi

Iwp S

6. ATM Efficiencies

Existing Ols,
enablers NextGen Avionics
Roadmap

Version 1.0 - October 2008

NIP

FAA Committed
Changes

NextGen Avionics Roadmap:
*Provides a missing aircraft perspective
*Recognizes importance of planned evolution
*Built upon operationally relevant capabilities
*Will help clarify content of other NextGen plans

Other high priority gov./
Industry efforts




Rk 4 TR e T JPDO Aircraft Working Group
NextGen Avionics Roadmap

* Translates many proposed NextGen improvements into aircraft-related
capabilities and functions.

» Avionics-enabled improvements in the Roadmap are presented in six groups of
related operational capabilities

Operational Groupings:

Safety Enhancement

Published Routes/Procedures

NextGen Avionics
Roadmap

Version 1.0 - October 2008

Negotiated Trajectories

Delegated Separation

Low-Visibility Approach/Departure/Taxi
ATM Efficiencies
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Nt e e G S JPDO Aircraft Working Group
NextGen Avionics Roadmap

Recognizes the reality and challenge we face in implementing NextGen.
Examples of time spans for changes involving Avionics
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Concept Development

TCAS Avionics Dev.

16 to 20 Years* Lnitd Fitimp
Ops | (ICAS 6)

* | Concept Dev. I0C
Gnd Development

WAAS 13 to 28 Years™ (estimated) Avionics Dev.

Y

Concept Development

CPDLC| 15t 26 Years* (Europe) Gnd Development_| Miam
|Am—-cs Dev. =Europre
> Concept Development : :
Capstone Avionics Dev.
ADS-B | 151to 23 Years™ (Capstone) Gnd Development
|

Limited Ops

| Av(45 Yrs) | Limited Ops (4 Yrs) |

~18 ye T
< If you don’t have a Well Developed Conceptyet,
then you have a Long Way to Go

Concept (6.5 Yrs)
Avg. \; Gnd (95 Yrs)
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N S R SR JPDO Aircraft Working Group
NextGen Avionics Roadmap

Operational capabilities time-ranges are shown and a mapping of the operational
improvements (OIs) from the JPDO Integrated Work Plan (IWP), the NextGen
Implementation Plan (NIP), and the Performance Based Navigation Roadmap
(PBN) that support that capability.

- Relative
Near-term Mid-term: 2012-2018 Far-term: 2019+ Time-
- Frame
rx-OOY Weather Avoidance Natural Hazards
IOI-ZZZZ Low Ceiling/Visibility Airport Access J
Capabili
[ Man-Made Hazards ] Subpgmug,,
X-00Y Obstacle Avoidance
~ OI-ZZZZ Reduced Controlled Flight into
I l - terrain <
Associated X-00Y Airspace Avoidance <
JPDO /IWP Ols
X-00Y  Surface Collision Avoidance <
— NextGe:n ) Operational
Implementation NIP Flex: Ground-based Runway c biliti
Plan (NIP) Ols > Incursion Alerting Equipment apabiliies
L ——

Note: The scope of work in the Roadmap is initially limited to the near- and
mid-term implementations up to 2018. Items deferred have been identified.
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Mext Generation Air Tran:%urtatinn Egéltem

Joint Planning and Development Office

Example: Safety Enhancements

JPDO Aircraft Working Group
NextGen Avionics Roadmap

Near-term Mid-term: 2012-2018 Far-term: 2019+
Natural Hazards j
SAFE-001 Enhanced Low Altitude
Operations
OI-3010 Reduced Controlled Flight into
Terrain—Level 1
SAFE-002 Weather Avoidance I
NIP FIS-B NIP On-Demand NAS Information (C-ATM)
= d
Man-Made Hazards -I
SAFE-003 Obstacle Avoidance
OI1-3010 Reduced Controlled Flight into
Terrain—Level 1
SAFE-004 Airborne Collision Avoidance
SAFE-005 Surface Collision Avoidance
NIP TIS-B 0Ol1-0332 Ground-based and On-board Runway
Incursion Alerting
NIP Provide Full Surface Situation Information (FT)
SAFE-006 Airspace Avoidance
NIP FIS-B (TFRs) NIP On-Demand NAS Information (C-ATM)
NIP Improved Management of Airspace for Special Use
SAFE-007 Wake Avoidance & Mitigation:
Combination Air and Ground
SAFE-008 Wake Avoidance & Mitigation:

Aircraft Based

L5 000veS 0



Mext Generation Air Tran:%urtatinn Egéltem

Joint Planning and Development Office

JPDO Aircraft Working Group
NextGen Avionics Roadmap

Initially identifying the current key enablers for each operational change. Follow
on activity will provide information on equipage evolution and functional changes.

e

resolution terrain databases to reduce CFIT.

Capability Key Enablers
SAFE-001: Enhanced Low Altitude RNP (As required by specific procec
Operations — I__eve_rage t_enhan.-:ements 0 Improved Terrain Database, TAWS
TAWS along with higher integnty and
Enhancements

SAFE-002: Weather Avoidance — Reduce
impact of hazardous weather through
broadcast of text and graphical weather
information to aircraft.

FIS-B, Moving Map

Reduce impact of hazardous weather
through data link of enhanced weather and
turbulence forecasts to aircraft.

FIS-B, Moving Map, and

For text only weather information: Initial
Data Link (FANS 1/A+, FANS 2/B. ATN
Baseline 1 LINK Post Pioneer )

For text and graphical weather information:
Data Link (Not supported by initial data link
enablers)

SAFE-003: Obstacle Avoidance — CFIT is
further reduced through availability of higher-
frequency updates related to the position of
temporary and permanent (fixed) man-made
obstacles.

Improved Terrain Database, Improved Obstacle
Database, Moving Map

> Al RO -X ]
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Joint Planning and Development Office

Safety Enhancements/Hazard Avoidance & Mitigation Capabilities

Near-term Mid-term: 2012-2018 Far-term: 2019+
Natural Hazards

SAFE-001 Enhanced Low Altitude
Operations
OI-3010 Reduced Controlled Flight into
Terrain— Level 1
SAFE-002 Weather Avoidance
NIP FIS-B NIP On-Demand NAS Information (C-ATM)

- Man-Made Hazards

SAFE-003 Obstacle Avoidance

OI1-3010 Reduced Controlled Flight into
Terrain—Level 1

1
|
SAFE-004 Airborne Collision Avoidance
SAFE-005 Surface Collision Avoidance I

NIP TIS-B 0I1-0332 Ground-based and On-board Runway
Incursion Alerting
NIP Provide Full Surface Situation Information (FT)

SAFE-006 Alrspace Avoidance

NIP FIS-B (TFRs) NIP On-Demand NAS Information (C-ATM)
NIP Improved Management of Airspace for Special Use

SAFE-007 Wake Avoidance & Mitigation:
Combination Air and Ground

SAFE-008 Wake Avoidance & Mitigation:
Aircraft Based
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Joint Planning and Development Office

Publish Routes and Procedures Capabilities

Mear-term Mid-tesmn: 201122018 Far-tenm: 2015+
e RMAV and RNP 5IDs and STARS
FPRP-001 Reduce Latersl Track Spacing
Using RNE
O-0342 Reduced Separaton — High
Benaity Terminal, Less Than 3 biles
PEHN ANP-Z Roules
PEN ANHP-1 or loswser SI0A ST ARS whene
benetficial
PRP-(IZ Integrated Armresk Theparture
Airaspaece Management
Q0311 Enhanced AmivalTheparune
Fowting

PEN RHAV SIDR/STARS 81 many of the
1op 100 minports
PRP-DOE Closed Loop Lateral Oifssts

for Time of Armval Control

M Hi Desnsity: Teme Bassd Metering
with RHAVIRNP

HIF 30 PAM Demeomsirabion at [KEN

PEH Anspace redesign and procedures
For FERAN arnd RNP with 30, CD&,
and time of amival controd
PRP-004 Optirmiped Doescert Pogliles (FMS Cnly)
]ﬂl-ﬂ-n mmmmmamnh D-0E3) Tene-Based and Metered Rowtes with CDA

ME Tasbored Arnrrvals.
]II" Flex: Use Optimired Descent Profdes PEM Airag Tl P Tor
RMAY and RMNP with 30, CO, ansd tirme

PEN Conoepts for RRAY ard RMNP with 30, af i tred

| conatant descent srivals [CIM], and
‘time of arrval conbrol

] PRP-00% 30 RNP Armival and Departure
L] Ll
four RNAY and RMP with 30, COW.,
] ardl e o f affival Samticl

0353 Reduced Oceamic Separation -
Alritude CRange Pair- wite
MNP Cropsnis n-Trail Climb and Descent

] raN Lismited RMEP -4 and JO8 Lat in
WATHS

PRP-0OT Reduced MWM
ADS-B owt{Gull of ]

-034T Reduced Ssparateor Mom-Radsr

o000 0
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Joint Planning and Development Office

Negotiated Trajectories Capabilities

MNear-term Mid-term: 2012-2018 Far-term: 2019+
Improve Traffic Management with Limited Trajectory |
NT-001 %l:uianic Airspace; Flexible Entry NT-002 Owverhead Flow; Flexible Entry Timing
ming NT-003 Initial Surface Traffic Management
O1-0304 Improved Collaborative Oceanic 01-0320 Surface Management— Level 1
Routing I I Situati
NIP Fiexible Entry Times for Oceanic NIP Frovide FUll Surisce oft iformeticon
Tracks
NT-004 Terminal Airspace; Flexible Entry
Timing
h
|_ Improve Traffic Management with RTA
NT=005 RouteClearance with RTA
MNIP TEM using RNAVERMNP Route Assignments
NT-006 Route Clearance with RTA and
Downlink of Expected Trajectory
NT-007 Trajectory Clearance with RTA and
Downlink of Expected Trajectory
QI-0357 Trajectory Based Mgmt— Level 1 Route/Trajectory Digital Exchange
O1-0358 Trajectory Based Mgmt— Level 2 Trajectory Based Decision Support
Q1-0360 Trajectory-Based Mgmt- Level 3 Automation-Assisted Trajectory Negotiation
OI1-0369 Trajectory Based Mgmt— Level 4 Automated Negotiation/Separation Mgmt ]
— Improve Traffic Management with Full 4DT

QI1-035T
Ql1-0358
QI1-0360
Q1-0369

NT-008 Airborne LaterallVertical/Time Claarance

NT-009 TaxilLateraliTime Clearance

Trajectory Based Mgmt — Level 1 Route/Trajectory Digital Exchange
Trajectory Based Mgmt — Level 2 Trajectory Based Decision Support

Trajectorny-Based Mgmt— Level 3 Automation-Assisted Trajectory Negotiation
Trajectory Based Mgmt — Level 4 Automated Megotiation/Separation Mgmt
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ffice

Joint Planning and Development

Near-term

Delegated Separation Capabilities
Mid-term: 2012-2018

—

+ FODMS)

DS-001 Merging and Spacing

Ol-0326 Airborne Merging and Spacing - Single
Runway 0I-0338, 01-0355, OI-0333
NIP Delegated Responsibility for Separation (TBO)

DS5-002 Use Optimized Profile Descents (FMS

Ql-0329 Airborne Merging and Spacing with CDA

= Flight-Deck Merging and Spacing

Far-term: 2019+

Ds-003

Q1-0356

O1-0359
Ds-004

01-0363

Ds-005
O1-0337
OI-0368

— Delegated Separation Operations

1
Delegated Separation for Specific
Operations
Delegated Separation - Pair-wise
Maneuvers
Delegated Separation — Oceanic
Delegated Separation for Complex
Operations
Delegated Separation— Complex
procedures
Delegated Separationin Flow Corridors

Flow Corridors — Level 1 Static
Flow Corridors — Level 2 Dynamic

DS-008 EnhancedVisual Approach

0l-0316 Enhanced Visual Separation for Successive
Approaches
MNIP Delegated Responsibility for Separation

DS-009 ADS-B Approach Spacing

Ds-007

NIP

= CSPA and Converging In Low Visibility 3

DS-006 Paired Approach in IMC to Closely
Spaced Farallel Runways

010335 DependentMultiple Approaches in IMC

0I1-0334 Independent Parallel or Converging

Independent IMC Approaches to Close
Spml::::l Parallal Rugﬂm e

Approaches in IMC
Improved Operations to Closely-
Spaced Parallel Runways

L5000 ¢

o
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Joint Planning and Development Office

Low-Visibility Approach/Departure/Taxi Capabilities

Near-term Mid-term: 2012-2018 Far-term: 2019+
, Enhanced Approach, Landing, and Takeoff Operations .
LV-001 LowVisibility Approach Operations

0I-0381 Low Celling/Visibility Airport Access
NIP Ground-Based Augmentation System

LV-002 LowVisibility Landing Operations
010317 All Weather Airport Access

LV-003 LowVisibility Takeoff Operations
01-0381 LowCeiling/Visibility Airport Access

" Enhanced Surface Operations T
LV-004 Low Visibility Surface Operations |
010322 Low Visibility Surface Operations

50002 Q O 12
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Joint Planning and Development Office

ATM Efficiency Capabilities

Near-term Mid-term: 2012-2018 Far-term: 2019+
Enhance Aircraft/ATM Information Exchange |

ATM00 Data Link Pre-departure Clearance Revisions
I 0331 Surface Management = Level 2 Data |
Link/Departun:s
[ HIP Enhanced Surface Traffic Operations I
ATM00Z Data Link En Route Clearance
Delivery and Freqguency Changes I
10352 Automated Clearance Delivery and
Frequency Changes ATM.003 Data Link Taxi Instructions I
0327 Swrlace Management — Level 3
Arrhvals/Winter Operations! I
Runway Configuration
010321 Surface Management — Lewvel 2
Datalink/Departure s I
ATM-004 Data Link MAS Information and
Advisories I

NIP On-demand NAS Information

Increase Access and Throughput at Non-Towered/Uncontrolled Airports =

ATM-D05 Increase Access and Thro ut at |
Hon-Towered!/Uncontrolled s

Ol0313  Virnual Towers — Level 1 Sequencing, |
Separation, and Spacing

Q10315 Wirtsal Towers — Level 2 Sequencing,
Separation, Spacing, and Suriface |
Management

-- Reduce Weather Impacts through Improved Forecasting

ATM-D06 Reduce Weather Impacts through
Improved Forecasting

1. 2020 Net.Enabled Common Weather Information — |
Lewvel 1 Initial Capability
H-2021 HNetEnabled Common Weather Information —
Level 2 Adaptive ControVEnhanced Forecast |
H-2022 HNet.Enabled Common Weather Information —
Level 3 Full HextGen J

———— ——nm————

LS o00veOde0
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Mot Gene N e I TS Avionics Roadm ap:
Appendix 1 -- TBO

e Direct mapping from JPDO Conops and further
detailed work

e Subject of the vast majority of Roadmap v.1
comments

 We need to have greater outreach and
concurrence on the concepts and detall
objectives for TBO

e Current work in AWG-ANS, as well as internal to
FAA

14
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o Mixed-capability TBO forms an inclusionary
basis everywhere in the NAS

« All aircraft have an associated 4DT
— ATM systems are repositories of 4DT

e Transition to 4DT begins with ATM supporting
conops, and data communications

e 4DT Is negotiated prior to flight, ATM tools set
performance, windows, constraints

o Clearances modify trajectories

15
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Mext Generation Air Transportation System
Joint Planning and %:v:lnpm:ntgﬂffi::

Affected by TBO

Avionics Road Map

Aircraft-Centric Capabilities

1. Safety Enhancement

2. Published Routes/Procedures

NAV

3. Negotiated Trajectories +CIOMM
4. Delegated Separation +ADIS-B In

5. Low-Visibility Approach/Departure/Taxi

6. ATM Efficiencies

16



Next Gene e e T T S p aCi N g an d D e | e g ate d
Separation

e Spacing Applications
— No change in roles and responsibilities for flight crew or controller
— Enables precise navigation to be relative to another aircraft
« Particularly valuable for in-trail and merging — dealing with
fourth dimension of time or along-track
 Delegated Separation
— Ability to delegate separation to flight crew for specific instances

o Particularly valuable in approach operations, as in visual
approaches today

Potential Interaction? Precision on 4D Trajectory
Clearance Eliminates Flexibility for Aircraft-Based
Spacing/Separation

L5000 %@ SO 17



net e L ENC T ER Un Ifyl ng TBO an d
Spacing/Separation

 TBO Concepts must allow aircraft operator some
(predetermined) flexibility in the trajectory: a trajectory
window

— For flight optimization, when practical (e.g., Continuous Descent
Arrival)

— For maintaining spacing to another aircraft

* Improved efficiency under some conditions will occur with
less-specific trajectory clearance
— Larger window

— Also enables flight-specific efficiencies where there is excess
capacity

18



MNext Generahun Air Trans

Pre-Negotiation

 ANSP identifies
constraints
(airspace,

airport, weather,

minimum
acceptable
performance)

* Operator
identifies
objectives and
constraints
(performance
capability,
weather)

%urtatinn 5
Planning and Development

l_.|c:'ltEI'I1

Phases of Trajectory Operations

Negotiation

Use all available
data to define
desired trajectory
and resolve likely
conflicts

Can occur between
ANSP & Flight
Crew or ANSP and
Flight Ops Center

Can occur pre-flight
or in-flight

System-Wide
Information
Management

Contract

Trajectory window
and performance,
request and
acceptance

Window can
collapse to single
trajectory

ANSP verifies
trajectory is
acceptable

Flight crew verifies
trajectory is
acceptable

Data
Commun-
lcation

Execution

Aircraft operator is
responsible for
compliance to
clearance

ANSP maintains
separation except
where delegated

ADS-B,
Data
Comm.

A @ (7]
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Nt G A NextGen C h al | en g es

End-to-end safety analysis & performance allocation

— Integrating actions and responsibilities across the agency
(AVS, ATO, Airports) to support NAS level changes

Integration of NextGen into agency wide planning
— Avionics Roadmap provides a foundation to move forward

 Roadmap aimed at providing a clear aircraft perspective
that must be carried into other permanent NextGen
planning work

— Considerable work still needed to clearly define roles and
where work should reside (FAA, JPDO, RTCA, PARC,...) to
avoid duplication

Equipage strategy
— Complex issues and significant policy considerations involved
Migration of avionics architecture

— Air/ground functional allocation — major questions and differing
view points




Next Gene R I G T JPDO Aircraft Working GFOUp
NextGen Avionics Roadmap

Next Steps

1. Develop mature content for the far term 2019 — 2025

2. Develop specific functional and performance requirements enabling
change, design, development and/or implementation

3. Outreach within JPDO and external Stakeholders
4. Expand scope of work to address GA, Military, UAS, etc communities

5. Determine aircraft related operational improvements from the deferred
items.

6. Coordinate with JPDO to develop the cost, risk and benefits assessments
to support the roadmap and guide future work

7. Find a place for the Avionics Roadmap in JPDO documents.
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Questions?

22
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