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NextGen Goals

A Next Generation Air Transportation System that meets the nation’s future air

transportation safety, security, mobility, efficiency, and environmental needs

Expand System Capacity

Ensure our

Ensure Safety U.S. and Abroad National Defense

Protect the Secure the Nation
Environment

Advance Global Aviation and Harmonization
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' i What is NextGen?

Transformation goals:

e “State of the art” in air transportation
e Scalable up to tripling in capacity

e Ensure national defense (readiness
! and homeland security)

e ‘!""”";””“”'”WE -« Enhance environment (noise, air
o . (Jﬁ#i?ﬁ@mm g quality)
| i ' e Improve safety
e Harmonized globally

Capabilities:

- o Network-Enabled Information Access

e Performance Based Operations & Services
e Weather Assimilated into Decision Making
e Layered, Adaptive Security

e Position, Navigation, and Timing Services
e Aircraft Trajectory Based Operations

e Equivalent Visual Operations

Ui BT Vo | 14

- =mm e Super Density Arrival/Departure Operations
i Led by Joint Planning and Development Office AT NM,,!TMEE




NextGen Evolution
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Building NextGen Capabilities

Core Technologies, Capabilities & Systems Engineering
Develop: FY06-11 Implement: FY10-15

> _

« Emphasize later stages of R&D to support mid-term capabilities (e.q. field trials)

« Field trials minimize risk for achieving integration of multiple NextGen capabilities

« Develop & implement core technologies (DataCom, SWIM, Net-Enabled Weather)

« Develop performance-based standards; avionics standards and development

o Complete infrastruture and systems engineering (TBO, CATM, etc.)

« Develop NextGen systems integration plan for mid-term transition to NextGen

e Implement expanded RNAV/RNP procedures across NAS domains

e Continued implementation of known solutions/infrastructure (ADS-B)

e Complete airspace redesign (OEP airports)

« Design and develop controller training/tools required for mid-term transition to NextGen.

Mid-Term Transition to NextGen

e Ajrcraft equipped for the mid-term

« Initial delivery of NextGen services and capabilities become available across domains
(enroute, terminal automation, surface ops)

« Trajectories exchanged via data link

« Implement initial TBO and flexible airspace management

« Implement integration of flow management with ATC

« Improved collaboration and decision-making across domains

« Implement enhanced airborne flow programs to reduce impact of weather
« Complete transfer of services and systems integration for air transportation system-
wide NextGen solutions delivery and operations

NextGen Solutions Integrated Across NAS

B IR e e o T TR B TR e e
e Trajectory-Based Operations
e Increase Arrivals/Departures at High-Density Airports
e Flexible Terminals & Airports
e Collaborative Air Traffic Management
e Reduced Weather Impact
e Safety, Security & Environmental Performance

6 e Transformed Facilities




Next Generation Air Transportation System
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Operational Evolution Partnership
(OEP)
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Operational Evolution Partnership

ATHTHARHG
OPERATIONS

NextGen
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Operational Evolution Partnership

www.faa.gov/programs/oep

f OEP V1 Title Time Line
OEP V1 Description Programs
Needs Architecture (EA) Decisions

Ops Concept Activities

Design/Architecture Schedule
Dependencies

Benefits
page 1 page 2
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NextGen Capabilities

[

Network-Enabled Information
Access

oSWIM
Pariorrarnce sas2d Oozrations
and Szarvices
Weatnzer Assirmilaczd into
Dzacisiorn Maving
La‘/erecl Adziotiva Sacurity
Position, Mavigation, and Tirning
Sarviczs
Trajzctory-saszd Alrcrart
Oozrations
Ecuivalznt Visual Oozrations
Suopar Density Arrival/Dezoarture
Oozrations
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System Wide Information Management
(SWIM)
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42« Evolution of the National Airspace
System (NAS)

Continuation of present approach - leads to an Next Generation Air Transportation System
N2 scaling problem and a dead end!

Future

L ,,ié;i j‘
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—-— "W "3 ’

Host , ‘g“fjﬁ i
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CJE—

ErAMC _El ATOP NetCentricity Needed for
: NextGen

TAMR .
TMA Inter- 5 ) :
TFM  Agency - Open, standardized, service interfaces
- Existing point-to-point hardwired NAS - Gommen:network mfrastruct.ure
- Unique interfaces, custom designs - Access control based on policy, not
- Information not available where needed geography or topology
- New system integration difficult and expensive
MITRE
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« “At the heart of the NextGen concept is the

14

information exchange component known
as net-centric infrastructure services or
net-centricity”

— JPDO CONOPS for NextGen

“The key to enabling net-centric
operations in NextGen is information
management”

— JPDO Draft Information Management and
Exchange Strategy

“System Wide Information Management
(SWIM) will provide an open, flexible, and
secure information management
architecture for sharing NAS data and
enabling increased common situational
awareness and improved NAS agility”

— FAA SWIM Description

NetCentricity and SWIM

Information
Management and
Exchange (IMEX)
Strategy

‘))."' .

) Next Generation Alr

1 Transportation
o System
2 Version 2

18 January 2008
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p
YR ... e

EFSTS B
TDLS
TFM currently

plans to install
several unique
interfaces to

collect surface

One Example

TFM

EI > D TFM
j—-1 =
TDDS

Instead TFM will

have one interface
to get the same
data

MITRE
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. Initial Program Approach
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« Employ Communities of Interest (COls) to
develop capabilities and requirements

- Leverage existing contracts with business units

* Define relationships with business units and
SWIM Implementing Programs (SIPs) using
service level agreements (SLASs)

* Federate the SWIM architecture to manage
schedule and cost risk

* Plan on evolutionary development in later
segments to meet the future needs of FAA and
NextGen

MITRE
tion. All rights reserved.



it Program Overview

17

« Mission Need and Initial Requirements Document
completed in September 2005, Initial Investment
Decision (lID) in July 2006

- Nine Segment 1 capabilities were derived from
Communities of Interest:
> Aeronautical Information Management (AIM)
> Flight & Flow Management (F&FM)
» Weather

« SWIM will not implement a separate infrastructure
for Segment 1

> SWIM will leverage existing infrastructures, processes,
resources, and logistics chains that are part of the
program offices “touched” by the 9 SWIM capabilities

MITRE
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e SWIM Segment 1 - Active COls

Terminal

 Flight and Flow Management
(F&FM) COI

— Improve operations through exchange of flight
information between En Route (ERAM),
Traffic Flow Management (TFM), and
Terminal/tower systems

« Aeronautical Information
Management (AIM) COI

— Rapid distribution of Special Use Airspace
(SUA) status information

« Weather COI

— More efficient exchange of weather data
between FAA, National Weather Service
(NWS), and industry. This capability will be
demonstrated in 2008/2009

MITRE
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SWIM Program Approach

2007 Today 2008 2009 2010 2011 2012 2013 2014

MITRE

19 © 2008 The MITRE Corporation. All rights reserved.



Automatic Dependent Surveillance —
Broadcast (ADS-B)

MITRE
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b

ADS-B - One of the Enablers for NextGen
Nine Operational Enhancements

i’\

Air-to-Air Air-to-Ground
« Improved Separation Standards « Surveillance Coverage in Non-Radar Airspace
 Improved Low-Visibility Approaches
» Enhanced See and Avoid
 Enhanced Operations for En Route
Air-to-Air ]
'y}
ey

Ground-to-Ground

e Improved Navigation on Taxiways Ground-to-Air & Self-Contained
» Enhanced Controller Management of *Weather and SSR Traffic to the Cockpit
Surface Traffic ;- «Affordable Reduction of Controlled Flight into Terrain (CFIT)

MITRE
21 Artwork Credit: FAA Safe Flight 21 Program Office ©2008 The MITRE Corporation. Allrights reserved.
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and Surface
Management System

MITRE
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v CDTI Assisted
Visual Separation (CAVS)

« Air traffic control
provides traffic
advisory with aircraft
call sign

* Pilot flies the approach
and uses the CDTI
during brief periods of
lost visual contact (due
to haze, sun, reduced
visibility, etc.)

* This is a new
procedure

Not to scale

MITRE

23 © 2008 The MITRE Corporation. All rights reserved.



Merging & Spacing
Development

* Phase On"é”
— ~15 west coast Louisville in-bound
aircraft

— UPS Global Operation Center (GOC) . Merging and
. Spacing

provides speed instructions via
ACARS based on a sequencing tool
Continuous

— Flight crew flies the assigned | R
speed(s) until flying the Continuous i - " Arrival
descent Arrival (CDA) -

 Phase Two

— Same as Phase One except flight s /
crew flies GOC speed(s) until within Visual

ADS-B range of lead aircraft, then CDTI on ME S:Paration
flies flight deck-based M&S to FAF D «W“fj

 Phase Three

— Numerous aircraft from numerous
merge points across United States

— ATC has sequencing tool

— Flight crew flies flight deck-based MITRE
-« M&S when requested by ATC 02008 The MITRE Carporation. Al ighs roserved.
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S National Deployment

« Implement a national
infrastructure of ADS-B
ground stations

— Promote FAA’s Flight Plan
2008-2012 to reduce GA fatal
accidents and provide
international leadership

— Reduce overall cost-of-
ownershlp to the FAA

Reduce the cost of ground-
based surveillance

« Decommission about half of
the surveillance radars

« Over time, ADS-B becomes the
primary surveillance source
and radar is backup

— Continue to develop ADS-B
standards in harmonization
with the world

— Provide a foundation for
NexGen applications and
benefits

25

Current GBT Coverage

D]

»

7 S <

MITRE
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National Broadcast Services
Status

Avionics activities
— Garmin AT delivering fully UAT certified avionics

— Embry Riddle Aeronautical University equipped their entire
fleet (~100 aircraft)

- Daytona Beach, FL & Prescott, AZ
— ~400 aircraft UAT equipped in AK
— ~50 government and private aircraft UAT equipped in lower 48

— ~4000 1090ES equipped aircraft observed over the US (but
most not meeting required standards)

Partnership agreements in place
— Embry Riddle
— Maryland, Virginia, North Carolina, North Dakota, Pennsylvania,
Ohio, Oregon
Contract awarded to ITT in 2007 to build the national ground
infrastructure and deliver ADS-B services

— National infrastructure complete ~2013, with interim services
available earlier

“ADS-B out” equipage rulemaking effective ~2020 in
development

MITRE
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I i Program Status: Ground Infrastructure
| Dual Track Strategy

2/2006 — 11/2006 11/2006 — 8/2007 2/2008 — 1/2009 -4/2008 — 3/2010 10/2009 — 4/2010 9/2010

Deplcy est Groun
el Ground d o ot
Acquisition Acquisition Infrastructure Infrastructure / 0 Imtletl.l SCI'ItI.Cal
Planning Execution el Voluntary pera -Il:lg ervices
Services ISD Capability ISD

i 2010-2013
Ground

Infrastructure

Deployment

Pre-NPRM
Separation
Standards
Modeling

Separation
Standards
Approval

Avionics
Equipage

Avionics Equipage 9/2009 2010 — 2020

RPR RPR
Phase | Phase 2

L 4/2006 — 9»’2006——| 10/2007 3/2008 — 7/2008 11/2009 12/2009

Avionics
Equipage
Begins

O . Completed RPR = Rulemaking Project Record; NPRM = Notice of Proposed Rulemaking; ISD = In-Service Decision

Source: FAA
MITRE
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2a= Alaskan Aviation: First Operational Use of ADS-B

e Controller

« Maintaining

« System certified as

28

IFR Services: 1 January 2001/0018Z

vectoring
Capstone-equipped
aircraft to Bethel,
Alaska ILS Runway
18, below radar
coverage

separation from a
second Capstone-
equipped aircraft
using ADS-B

part of NAS for
routine use

MITRE
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i Phase | Operational Experience

« Overall, a 50% reduction in accidents (2000-2005)

— Reduced number of mid-air collisions

— Reduced number of CFIT incidents

— Reduced number of “mismanagement” type accidents
— Large increase in IFR operations

VFR
Sectional

Graphical
_ Weather

N nE

.....

IFR En route '
Chart

Terrain . o Textual
Avoidance e Weather

MITRE
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Make “useable” the IFR
infrastructure in SE
Alaska

Improve communication £
infrastructure '

Improve runway safety

Equipping aircraft with
Capstone avionics

Provide low-altitude
airways

Provide en route radar-like
services

Improve terminal
surveillance

Improve terrain avoidance
12 GBTs installed

(~200 now equipped) | ITRE

© 2008 The MITRE Corporation. Al rights reserved.



Capstone Phase lli

- Statewide deployment

— Additional GBT’s to be
installed across the state

— User benefits
» Safety
» Efficiency
» IFR ATC services
» Flight monitoring
» Community benefits

— FAA benefits

» Safety

» Infrastructure cost of
ownership reduction

» Capacity/efficiency

Alaska GBT Coverage at 5000 1., Routes with AP Counts and OD Counts

MITRE
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Gulf of Mexico

MITRE
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NextGen Solution

2 High Altitude
(Air Transport)

Operational Improvement

e Near- & Mid-term

- FAA (in cooperation with Mexico) deploys
an ADS-B ground infrastructure that
completes high altitudes surveillance over
the Gulf (by 2010)

 Aircraft overflying the Gulf equip with
ADS-B “Out” avionics

« FAA deploys additional communications
radios to complete radio coverage (by
2010)

« Mid-term

« TFM— improved weather reroute planning
and execution (8% occurrence)

« Far-term

« Airspace/RNP/routes—as needed when
capacity becomes an issue, start greater use
of RNAV/RNP for more direct and more
routing options

« Advanced conflict detection—as needed
when capacity becomes and issue, improved
capacity and more direct routes

33

* Near-term
« Reduced separations (5NM is the goal)
* Increased capacity
 Fewer Delays
- Direct routing & more routing options
« Increased access to optimal altitudes

* Mid-term
- Improved weather re-routing

- Far-term
- Additional increased capacity
 Fewer Delays
« Direct routing & more routing options

MITRE

© 2008 The MITRE Corporation. All rights reserved.



34

Low Altitude

NextGen Solution

(Helicopters)

Operational Improvement

Near- & Mid-term

FAA deploys an ADS-B ground
infrastructure that provides low altitude
surveillance over the oil-producing
portion of the Gulf (by 2010)

FAA deploys several more weather
stations (AWSS) and communications
radios (by 2010)

Helos overflying the Gulf equip with ADS-
B “Out” avionics

Helos equip for IFR operations and train
crews accordingly

Mid- & Far-term

Addition of CDTI for improved situational
awareness and weather

« Near- & Mid-term

« Ability to fly during IFR conditions
« Fleet mix transition to 85% IFR ops
« Increased capacity
Improved safety

Guided approaches/departures (laterally
and vertically)

« Regularity of services/ reduced delays
» Direct routing

- Improved Search and Rescue Services
 Ability to request VFR Flight Following

* Mid- & Far-term
* Improved safety

MITRE
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Continuous Descent Arrival (CDA)

MITRE

© 2008 The MITRE Corporation. All rights reserved.
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&= Ccurrent Research & Development (R&D)

« Continuous Descent Arrivals (CDA)
— Clears an aircraft to descend from cruise altitude to final approach

— For maximum benefit, uses a best-economy power setting at all
times

— Allows level or shallow segments for deceleration (e.g., 250 knots
at 10,000 feet)

— Transitions to a final approach along a standard glideslope
— Benefits include fuel savings, emissions and noise reduction
« Impact of CDA at a given airport is based on
multiple factors
— Application of CDA (% of CDA, time of day, approaches)

— Traffic characteristics (equipment mix, traffic
demand/pattern)

— Airport configuration (runway dependencies)

— Airspace constraints
MITRE
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- Initial Findings

 Based on the early R&D and evaluations:
— Impact of CDA on arrival throughput/delay

- CDA percentage progressively reduces arrival throughput and
increases delay

« Impact is seen first in the time periods when the arrival demand
stays high. As the percentage of CDAs increases, the impact
spreads into other periods when the demand in more isolated

« As the percentage of CDAs exceeds 40%, the impact becomes more
prominent

— Impact of CDA in airport capacity
- CDA percentage progressively reduces airport capacity

- As percentage of CDA flights increases from 0% (no CDA) to 86%
(all CDA), airport capacity (arrival and departure) decreases from
118/hour to 106/hour

MITRE
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CDA Reducing Environmental Impacts

N0|se pattern with CDA Reduced Fuel Burn
=iy iR o e Al aircraft at cruise altitude 180 nm from runw

%. 3200 - Values corrected for wind and merge point
[yl
£ 3000
&
3 2800 I
£ 2600
£
T 2400
e - i

2200 - . -

B767 STD B767 CDA B757 STD B757 CDA

Reduced Flight Time
o 2000 5 AR
@ All aircraft at cruise altitude 180 nm from ru
a 1950 Values corrected for wind and merge point
)
A
© 1900
£
< 1850
2
£ 1800
e
o 1750
£
= 1700 - - ‘

B767 STD B767 CDA B757 STD B757 CDA

MITRE
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NextGen Layered, Adaptive Security

Net-Enabled Operations

With Shared Situational Awareness
Integrated Risk Management
e
gl Secure Airports

Secure People

4 : Secure Checked Baggage

£ Secure Cargo/Mail

MITRE
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Secure Airspace Concept Context

National Policy on Aviation Security NextGen Concept of Operations

« Aviation Transportation System
Security Plan i Joint Planning and 3

- Aviation Operational Threat s : '?:alj!::t%rrayh;::eLMOpe aticas
R nse PI n oncept of rations - - i

-A:isalzl%n Tra:sportation System National Strategy for T * Flight Object
Rﬂcovery Plan Aviation Security Next Generation Alr « Shared Situational Awareness

Trans, t - ‘- i

« Air Domain Surveillance and — 3 :?,:,E’,‘taob::mc:i?;ums
Intelligence Integration Plan e .

«International Aviation Threat @ June 2007 K gafaty
Reduction Plan == ecurity

«Domestic Outreach Plan and _

+International Outreach Plan ...NEXTGEN

NextGen Security Annex
Layered, Adaptive Security Framework

i Jeint Planning and
Development Office

Integrated Risk Management

« Continual risk assessment
 Development and implementation of

Security Annex
Concept of Operations
for the

Next Generation Air

adaptive security measures. Transportation
System
Secu;g‘m s
« Security Restricted Airspace
» Flight-specific risk assessment
EXTGEN

» Flexible airspace access based on risk

et st b Toampa ik i gmn

MITRE
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Major Components of NextGen

Secure-Airspace Concept

Flight Security Risk Profile

Security
Restricted Airspace

and

Permitted operations

constraints

a

)

Verified
Airspace
Access

s

Net-Enabled Operations With Shared Situational Awareness

MITRE
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-- A Notional Example --
Flight Risk Profile

.......................................................................................

Infonnatron Sources Examples Supporting . 5 'T:l
- The Aviation Security Mission

Flight Operators: Flight Plans,
Crew, Passengers, Cargo

FAA: ADT Mﬂaglsh'y
NAS constraints,
Flow Shm Surveillance

Vngda's, Crew, and Cargo
v
YF&MMG Information

Flight 1 Flight 2 Flight 3 Flight 4
Security Security Security Security
Risk Risk Risk Risk
Profile 1 Profile 2 Profile 3 Profile 4

|

B
A4 [
~ NAS Traffic Flow and Security

l

MITRE
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Information Sharing Challenges
- Example Issues -

« Who can see what information under what
condition?

* Privacy
» Clearances

» Roles and Responsibilities
« What is ATM’s role in security event management'?
* Who pays for what? g
« Who makes what decisions when?

~« What are the visions and goals?
» Do we strive for unified standards?

- How do we connect?
» Do we have enough bandwidth?

- Is the information of high quality for
decision making?

- What information services are available to
the Aviation Security stakeholders?

MITRE
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En Route Automation Modernization
(ERAM)

MITRE
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2 ERAM
Infrastructure Acquisition

Modernizes en route automation and infrastructure to provide an open-standards
based system that will be the basis for future capabilities and enhancements

 Replaces:
— Host computer system software/hardware
— Direct Access Radar Channel (DARC) software/hardware

— Other associated interfaces, communications and support
infrastructure

* Provides:
— New automation architecture allows future growth and capabilities

— New capabilities to support flexible routing, new surveillance types and
sensors, full capability including safety alerts on backup system

 Attributes:

— Leverages recent and ongoing developments and deployments —
product line evolution

— Initial size est. 1.1 to 1.3 MSLOC with 45 to 55% from NDI/Reuse
opportunities

Source: Briefing “Refining Software Development Estimation Techniques for the Federal Aviation

Administration En Route Systems Acquisition” by Jeffrey O’Leary En Route Software Acquisition and

Development Manager, AUA200, 1/28/03 M ITRE
© 2008 The MITRE Corporation. All rights reserved.
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Context Diagram

l

ARTCC 2

OPERATIONAL
ENVIRONMENT

ATC
Automation
Channel A

Display

Automation

System

ATC

Channel B

<

TEST
And
TRAINING

SUPPORT
ENVIRONMEN T|

ENVIRONMEN

SUPPORT

ENVIRONMENT

|

TEST and TRAINING
ENVIRONMENT

FAA Academy

SUPPORT

ENVIRONMENT

TEST and TRAINING
ENVIRONMENT

Diagram provided by Lockheed Martin Transportation and Security Solutions

48
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ARTCC Operational Physical Architecture

RADAR AJS Users
US ATC — —— US Gov
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Security Solutions MITRE
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ARTCC En Route Automation System
Operational Functional Architecture

Airspace Other ARTCC
ers Systems
+ | RUC Gridded Wx 4+Wx Report R :
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MS Session Mgmt i e N — i
. Fyant NN s i SAA Definiions Status,  [EEREE-Hr it
= Approved Amendments Processing Surface Observations4 &i‘fgfn"g - eﬂan";sa'ﬁon Processing
= oo ok Gt RUC Gridded w&rrdmrremg Reasonablo Climb/ ’
Wx Reports
SIGMETs 4 User Commands
4= User Commands 4 Tactical Alerts
| = MRP Data Targets, Tracks
TFr:?glhI}equeslS} Strobes
] Objects "
Airspace Definitions Flight Objects
Controller Pilot Sector Plan Alrport Configurations
Data Link
Communications Metering 4= User Commands
- v = Metering Lists
Conflict Probe [
User Commands Tools : gsr:r C%"m‘:g . Control Directives
TCPDLC Data Trial Plan Results b
JCPDLC Data Time
> r
General > Test and
pummme——  Information 4 User Commands Training
4Gl Messages Processing = Gl Messages
= Gl Messages NOTAMs
NOTAMs
1 User Commands User Commands T
s 1 Control Commands
4+ g:l' mlm Views AT Conh'olFi:irmVIE;mJ 3 System/Component Stat 4= Release Data

AT Specialist

. ERAM Subsystem

AT Controller M&C Operator

= Recording Dat;

SUPPORT
ENVIRONMENT

Note 1: FDP, SDP, DS, SOP, WDP, GIP, MET, CPDLC produce and receive channel synchronization data
Note 2: FDP, TTS, SDP, DS, CPT, WDP, GIP, MET produce and receive data from SOP

Development Manager, AUA200

Source: Briefing “Refining Software Development Estimation Techniques for the Federal Aviation
Administration En Route Systems Acquisition” by Jeffrey O’Leary En Route Software Acquisition and
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ERAM Timeline

http://nas-architecture.faa.gov/nas/mechanism/mech data.cfm?mid=6685

FY2004 © FY2005 = FY2006 @ FY2007 = FY2008 FY2000 . FY2010 |  Fy2011

ERAM |
Baseline —_— — § Release 1

__ Sys Engineering —»

_________ _e— Software —» Integration
y  Beswesssk + andTest »

*— KeySite —*
Deployment '

_Release 2 _
Capabilities Developed *

Releasé_ 2

) Release 3
 Capabilities Developed * o

MITRE
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Air Traffic Flow Management (ATFM)

MITRE
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3 _& ATFM and the NextGen Concept:
Collaborative, Economically Sensitive, Managing Uncertainty,
working Across ATM Domains

_ Active Flight
Pre-Fight 3 7 :
% Accommodate ;  Post-Flight
'.‘ NAS Info to |MpaCt s User Requests
Accurate NAS '-‘ TFM Decisions / . :
I % Mmlmlzed Impact o :
nfo for Flight . B :
'\W y Economlcall\- Integrated
. . Sensitive Delay Arrivals and
Note: “Equity” may be Expeditious Distribution i ‘
inconsistent with Execution of ' Fully Utilized Depart?res
Performance-based _TFM Strategies _Arrival Capacity !  Robust Post
SRR . . P i ¢ Flight Analysis
Negotiated % " e :
Resource B ... .. A :

B SO Minimized Taxi

‘ Time 2

Early Flight

Plan Intent igh-performance, cost-

effective, secure, flexible
infrastructure =

Aircraft Trajectory-Based Operations
Weather Assimilated into Decisions
Network-Enabled Information Access

Performance-Based Services MITRE
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Key Curb-to-Curb
Capabilities
Supported by TFM
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S RN S

Operations shift from

TFM Evolution Vision:

Now - 2018

Collaborative, automated, and probabilistic
traffic management

Verbal transmission of data =
Inconsistent data quality *

Manual identification and evaluation °
of congestion problems

Manual development of resolution ¢
strategies

Manual application of flow initiatives

[ ]

Limited accounting for prediction
uncertainty

Resolutions focus excessively on
high-volume flows

To

Automated collaboration & data transfer
High quality and enhanced data

Automated identification and evaluation
of congestion problems

Automated generation and assessment of
problem resolution strategies

Automated application aircraft-specific
flow initiatives

Explicit uncertainty management via
probabilistic techniques

Resolutions based on overall system
performance

MITRE
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Improved Common Situation
Awareness Through =
Data Sharing S

e T e

e —

ATFM

ATC
Today

55

— o ——

More Accurate Demand & :
Constraint Information _ g
(Deterministic) =

More Timely Information

Sharing: Plans, Advisories,

Potential Impacts

Near-Term (< 2010)

Mid-Term (2010-2015)

Probabilistic—based 5
Demand & Constraint Information §

Automated
Problem ID and
Resolution, with

automation

assisted
implementation of
TMis

Dynamic |
Restructuring |
of Airspace |

Far-Term (2015+)
MITRE
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— V Capicity Selection

Weather Product Integrated into Flow
Management Tools

¥4

o * X

.I Sectors \Mﬂ'l Avail Capacity 2 |

Flow constrained indicators
(e.g., user selected and/or
automation selected)

*
W
x

| o + :’" had o at

ol I Y e T 2

* ay ke o

ok ) %_t*“"{l'
":- *?’ 'ﬂvn-i x
e ,}“""' TA—h J..'__cj‘
e - e

Impact information re
weather-related flow
constraint

(e.g.,user selected from flow
constraint indicator?

+ T

T s
o Fpnin X hlas

- :
et T oa Sl o

TDIFTD) -4—“)&% %
ST R e

Color coded timelines

O

'L on CIWS 2-hr forecast

(similar to RAPT) showing
. 7| probability of impact based

AalT sl

|Sh0w:
= Seclnrs wllh Reduced Capaclty

. Flow Impact

Planning Sets [7 Al _{ None| @ NCWF |

e BB A
MITRE
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Integrated Time Based-Flow Management
(ITBFM) Managed Resources

Airspace Boundaries

" -';." . R 1 i
Departure Fix / ; ™ Ea P
.‘.’—-’./' % .,;w-h-—"
DT B (i - — -
Departure P ' S i |
> "J ~
ultl ’ _fa..\'.ﬁ-l. b D
SR e ZLV.T..“‘i“,r.;f‘.;:.‘:‘::::."1"‘.:::;; i : "'J_ G 3 :qi
Cruise o, v .
"c-, i P g .
/ ST C‘@ Qy‘?% | R T i
I Takeoff / Approach Landing
) > 7
il i i
Departure- En Route Arrival-
Oriented Resources Oriented
Resources Resources

- Flow Management Point (FMP)
* Flow Management Time (FMT)

MITRE
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3t

Status of U.S. ATFM Modernization
Program

« Preliminary design and hardware technical
refresh plan approved by FAA, May 2003

- FAA awarded the Modernization Contract to CSC,
June 2004

. Initial release of ETMS replacement scheduled for
May 2008



TFM System Evolution

2007 2008 2009 2010 2011
‘ ‘ .
|
Modernized TFM System  r1: Full backljf»Rz' ff’g"a‘e R3: New Hub Sustain Operations

- Replacing ETMS with TFMS o———¢ ¢ | .

* Provides future platform for 1
new capabilities

TFM Work Package 1 ~ Complete Initial Implementation of New

. Selected initial set of new Reyuirements & Design Capabilities on TFM$
decision support capabilities ' <> i $ >
Approved budgets for - | |
implementation : 1

i
TFM Work Package 2 Research Investment . Complete |

* Identified mature research Assessment Decision RecJuirements & DesiPn

* Preparing cost/benefit & & & : -
information ‘ | 2012

« Continuing research for ' Implementation
requirements refinement ‘

TS S-S o e e
TFM Work Package 3 s b ecision?

+ Refining Mid-term TFM e T e e e - - —
concept to ensure _ | 2015
NextGen

MITRE
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EnRouteTrainer -- Intelligent Tutoring
Systems (ITS)

MITRE
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Wall Street Journal, 21 Dec 2004

FAA Plans Hiring Spree for Air-Traffic Controllers
Agency Aims to Add 12,000 -
With Retirements Looming 'I’ﬁln‘.Oﬂ

For Reagan-Era Recruits

.......

rrrrrrrrr

S0\ Federal Aviation
™ i/ Adminlstration

- APlah Eor,

""The Future
2006-2015 %

L

The Federal Aviation Adminestration’s 10.Year
Strategy for the Alr Trafic Control Waorkforce

61

&=  The Challenge for Controller Training

Certification of new controllers
is costly and time-consuming

— Terminal: 2-3 years
— En Route: 3-5 years

Total expected losses 2006-
2015

— 10,291 Controllers
— 73% of current workforce

Total hires projected over the
next 10 years: 11,851

Sufficient training capacity
cFlgis not currently exist in the

Numbers from March 2007 FAA
Workfo_rce Plan for 2007-2016
even higher MITRE
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Improved Training Process

Promotion of accelerated
learning

Minimal non-productive
time with opportunities to
practice and master skills

Standardized instruction
and performance
assessment

Early acquisition of basic
ATC knowledge and skills
targeted at specific facility
operations

MITRE
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Student Model

Measured
Performance

Expert Model

Performance
Specification

Instructor ||

Model

Guidance

and Actions [

Intelligent Tutoring Systems (ITS)

Objectively assess
learned skills

Deduces strengths
and weaknesses of
trainee

Enables self-paced,
tailored instruction

Enforces desire to
master skills

MITRE
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e Training Accomplishments
2006

- Stand-alone, prototype
trial at Indianapolis ATCC
— Radar training curriculum
— High fidelity ATC operations
— Recording, playback, pause

— Voice recognition and speech
synthesis for pseudo-pilot
role

— New sKkill-based air traffic
scenarios

 Students were validated on
Developmental Controller at Indianapolis using all sectors
enrouteTrainer for Radar Training — What would have taken 1080

hours of OJT, took ~524
hours to complete

MITRE
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Training Accomplishments
2007

« enrouteTrainer used exclusively
for radar training

 All students completed training
and passed evaluation scenarios

 MITRE evaluated performance
measures, voice and functional
enhancements

MITRE
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S Training Plans

66

2008 — 2010

« Continue development of
training capabilities

— Assess capabilities and
benefits with continued field
trials for more students and
more sectors

— Evaluate and validate

P performance measures and
* Transfer technology for real-time feedback

inclusion in FAA terminal
and en route automation — Automate ghost controller
systems capability

— Automated (voice) sim-pilot _ Expand use of skill

— Skill scenarios scenarios and recorded live

— Performance metrics operations scenarios
— Processes and procedures for
using new capabilities
MITRE
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2008

2009

2010

2011

|

Enroute and Terminal Training 5 Year
Overview

2012

Initial enroute ITS
development and test at
ZID

Terminal Airspace and
Procedures Training
Prototype evaluation at
Miami

Tech transfer enroute
controller/controller
Voice Technology

Tech transfer initial
ITS and skill scenario
design

Advanced enroute ITS
development and test
at ZID

Use enroute trainer to
support/evaluate
facility training process
changes (Functional
Training)

Terminal Airspace and
Procedures Training
Prototype evaluation at
2nd facility (ARTS)

Tech transfer
terminal airspace
and procedures
training materials

Tech transfer
enroute ITS design

Continue evaluation of
enroute facility training
process changes

Tech transfer
training materials
and training design
to support training
process changes

[
>

Apply training technology/curriculum design
innovations to support the evolution to

PATM/NextGen

MITRE
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Mid-Term Research & Development
(R&D)

MITRE
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Enabling Infrastructure to Support NextGen
Capabilities

jKey Near-Term Investments OE“P Solution Sets

Current Programs

ERAM
STARS/CARTS
ADS-B

TMA

TFM-M

SWIM

DATA Comm
Precision Navigation

Network Enabled Weather

ERAM Enhancements

Automated Problem Resolution

Concept Demonstrations
Trajectory Based Ops/High Density

Infrastructure —
Trajectory Based Ops

Time Based Metering

TFM-M Enhancements

Time-Based Metering

RNP/RNAV Expansion

Precise Navigation

Data Communications
Flight Intent Downlink

ADS-B

Aircraft Separation

| SWIM/Net-Enabled Weather

Net-Centric Information Sharing

Initiate Trajectory
Based Operations

Increase
Arrivals/Departures at
High Density Airports

Increase Flexibility in
the Terminal
Environment

Improve Collaborative
ATM

Reduce Weather
Impact

Increase Safety,
Security, and
Environmental
Performance

Transform Facilities




Responding to the Challenges
An Outlook for the Next Decade

M, En Route

PERFORMANCE-BASED ATM CONCEPT

» Responsibility for problem prediction
moves from controller to automation

 Controllers resolve problems with
automated resolution assistance

Problems are predicted and resolved
strategically

Routine ATC tasks are automated

Time-based metering used to manage
traffic to constrained resources

Airspace designed to optimize service
and productivity improvements

e

Automation assists with
sequencing, merging, and
spacing

En route flow management
directives smooth transition

Automated, high-precision operations
with deconflicted RNP/RNAV routes

» Additional routes designed to increase
flexibility, efficiency, and capacity

.©

MITRE
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-' .--"---;-P'reliminary R&D Results, in-depth analysis are still being conducted
En Route Experiment Results

Controller Workload
Airerost Work-load
Count Baseline Automation Rating
18 Performance-Based ATM & 3
16 @ 6
14
5
12
D
10 4
8 8 3
. 2
4 @
2 & [ ] [+ S (] [ o1
0 . : _ : : 0
22:05 22:10 222156 22:20 2205 22:30 22:35
Simulation Time
MITRE

71 © 2008 The MITRE Corporation. All rights reserved.



‘ "-WI‘P’reliminary R&D Results, in-depth analysis are still being conducted
En Route Experiment Results
Controller Workload (concluded)

P-ATM Operations with Expanded Volume

Aircraft Workload
Count — Aircraft Count Rating
40 ® Workload Rating 7

35

30

25

20

15

5 10 15 20 25 30 35 40 45

Minutes into Simulation

MITRE
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5 Preliminary R&D Results, in-depth analysis are still being conducted
Terminal Experiment Results

Controller Workload
¥
. ————Baseline Uncombined |
6 1 ——e——Baseline Combined ® ®- ®
5 — A& —P-ATM
= --A- - - P-ATM with Upsets
£
o 4
©
©
2 3 —
o ‘l ~
=, A
1 A A
0 T T T T | T T T T T | I 1
A A = A
0 5 7 10 15 7 20 25 .30 35 40 45 500 55 60 65
Minutes into Simulation '
Lateral deviation Aircraft misses Aircraft makes  Aircraft misses
UPSETS: from RNAV arrival downwind turn drastic heading turning down to
procedure on RNAYV arrival off route the south runway

MITRE
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' ﬁiiminary R&D Results, in-depth analysis are still being conducted

Terminal Experiment Results
Controller Communications

Communications

450

400

350

300

250

200

150

100

50

Baseline Feeder-Final

Accept/Handoff Comms

== Regular Comms

—a— Time on Frequency

PATM Feeder-Final
Scenario

Time on Frequency (minutes)

PATM Feeder-Final Upsets

MITRE
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NextGen Solution Focuses

4 ~ 1T\
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e Real Progress

76

> NextGe pNCces = o orr-Seternrise Architecture
e ““M&%ﬁw Iete Baselme of the '
" 5 ﬂ&l MGE!N @@&m @L@%@ m@ EE-E Ui+ D

SEIF e

changes underway (infraS&ucture and initial

NextGen Implementation

) .,d{.:f‘ m Proceeding
yice Switch
Ronstrations
> FAA mid-termpreg i development (Opsrational Evolution

Partnership)

asa MR R0 REALERRKIUHANGS

are eve oplng

— NextGen Network-enabled Weather Joint Program Office, MITRE
Safety Management System, Net-centric Information System ©.2008 The MITRE Corporation. Al ights roservs.



Challenges

> Achieving Integration
> Pace of Implementation
» Overcoming Technical Hurdles

» Changing Policy and Culture

77
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NextGen Enterprise System

Engineering Challenges

Context

Enterprise System Engineering Profiler ™

Strategic

Impilementation
Context

MITRE
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i Conclusion: Getting to NextGen

79

 We are
— Creating and carrying out the Plan to get to
NextGen

« Defining NextGen applications at specific locations

« Defining and implementing intermediate steps toward
NextGen (e.g., P-ATM, mid-term concept)

— Coordinating budgets, goals, investment
priorities, and research activities

— Leveraging the capabilities of federal agency
and private sector organizations

MITRE
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The contents of this material reflect the views of
the author and/or the Director of the Center for
Advanced Aviation System Development.
Neither the Federal Aviation Administration nor
the Department of Transportation makes any
warranty or guarantee, or promise, expressed or
implied, concerning the content or accuracy of
the views expressed herein.
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