‘ | \ | ""1 B I'-.
) B \ ”"ﬂ
g |
_ gl !t _

]'i.

L .

-
-?.- I?{-n

- T "
— S # F
e
} . -
-
.ri.
-
| - -
[

0

P

2011 National Aviation RnsnarcﬁmPl#n
May 2011

(T RIER R



Report of the Federal Aviation Administration to the
United States Congress pursuant to 49 U.S. Code 44501(c)

2011 NARP
May 2011

The National Aviation Research Plan (NARP) is a report of the Federal Aviation Administration to the United
States Congress pursuant to 49 United States Code 44501(c). The NARP is available on the Internet at http://
www.faa.gov/go/narp.


www.faa.gov/go/narp

Executive Summary - ii
Preface - iv

CHAPTER 1 * NATIONAL AIRSPACE SYSTEM
Mission - 2
Vision - 2
National Goals - 3
Planning Documents - 4
Research and Development -7

CHAPTER 2 * REseArRcCH AND DEVELOPMENT GOALS

Fast, Flexible, and Efficient - 14

Clean and Quiet - 22

High Quality Teams and Individuals - 32
Human-Centered Design - 38

Human Protection - 46

Safe Aerospace Vehicles - 54

Separation Assurance - 62

Situational Awareness - 66

System Knowledge - 72

World Leadership - 78

CHAPTER 3 * ALIGNMENT WITH NEXTGEN

NextGen Solution Sets - 86
FAA NextGen R&D Portfolio - 87

CHAPTER 4 *» RESEARCH BuUsINEss MANAGEMENT

Sponsors - 94
Programs - 94
Budget - 101
Partnerships - 106
Evaluation - 111

Acronyms and Abbreviations - 114

APPENDICES (SEPARATE VOLUME)
A. Program Descriptions
B. Partnership Activities
C. Research, Engineering and Development Advisory Committee
D.NARP Chapter 2 Milestone Status
E. Acronyms and Abbreviations

Table of Contents



11

XECUTIVE SUYYNEE

Aviation is a vital resource for the United States. It provides opportunities for business, jobs, econc
development, law enforcement, emergency response, personal travel, and leisure. It attracts invest
local communities and opens up new domestic and international markets and supply chains. As a1
the United States needs a system that leads the global aviation community — a system that respo
to changing and expanding transportation needs. The Federal Aviation Administration (FAA) s
system through the introduction of new technologies and procedures, innovative policies, and
management practices. o

The National Aviation Research Plan (NARP) is the FAA’s performance-based plan to ensu
and development (R&D) investments are well managed, deliver results, and are sufficient
priorities. The NARP integrates the FAA R&D programs into a portfolio that addresses t!
far-term research needs of the aviation community. It uses R&D goals and performance ta
requirements from the FAA’s five-year strategic Flight Plan to the future Next Generation A
System (NextGen), and it identifies how the FAA can use its research strengths to meet these n
approach enables the FAA to address the current challenges of operating the safest, most effici €
transportation system in the world while building a foundation for the future system in an
sound manner. :

The NARP includes ten R&D goals with corresponding
R&D targets for 2016 that represent a mid-point between
the initial R&D plan established in 2006 and the future
system envisioned for 2025. The R&D targets for 2016 are
ambitious, and they challenge and encourage researchers to
innovate, take risks, and seek non-traditional solutions.

This year, the NARP provides the FAA’s record of
accomplishment, five years of results from 2006 to 2010.
It shows that the FAA did what it said it would do as
responsible stewards of tax dollars by following a plan,
reporting achievements, and delivering results. Next year,
the NARP will present a five-year budget plan, ending

in 2017, extending past the R&D targets for 2016, in
continued pursuit of the R&D goals. In preparation for
next year, the NARP examines the challenges in meeting
the R&D targets by 2016, identifies further research needs,
and establishes a basis for extending our sights beyond the
current R&D targets.

In fiscal year 2012, the FAA plans to invest a total of
$386,035,000 in R&D. The R&D investment spans multiple
appropriations for the FAA, including $190,000,000

in Research, Engineering and Development (RE&D);
$150,785,000 in Facilities and Equipment (F&E);
$44,250,000 in the Airport Improvement Program (AIP);
and $1,000,000 in Operations (Ops).

a Executive Summary
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Title 49 of the U.S. Code section 44501(c) requires the Administrator of the FAA to submit the NARP to
Congress annually with the President’s Budget. The Plan includes both applied research and development as
defined by the Office of Management and Budget (OMB) Circular A-11" and involves research activities funded
in four appropriation accounts: RE&D, F&E, AIP, and Ops.

The NARP is an integrated, performance-based R&D plan for the FAA with programs that go beyond air
traffic operations, including unique strengths in aircraft safety, airports, commercial space transportation,
environment and energy, and human factors. The NARP shows how these unique strengths support the near-,
mid-, and far-term research needs of the aviation community. It aligns the FAA R&D portfolio with the goals,
objectives, and performance targets in both the Flight Plan and the Joint Planning and Development Office
(JPDO) NextGen Integrated Plan’. It defines ten R&D goals with performance targets and interim milestones,
creating a multi-year plan, integrating program efforts, and measuring progress toward the goals.

The 2011 NARP shows how the FAA R&D programs are achieving the milestones that originally appeared in
the 2006 NARP. This year, the NARP reflects on progress toward the larger, more difficult R&D performance
targets for 2016, explaining the continued importance and relevance of the R&D targets, identifying the
knowledge gained to date from pursuing the R&D targets, and defining the challenges in meeting the R&D
targets by 2016. Examining current progress toward the R&D targets and challenges that remain forms the
basis for developing out-year milestones beyond 2016 in continued pursuit of the R&D goals into 2025.

Chapter 1 provides an overview of the National Airspace System (NAS) mission, vision, and goals used to define
the FAA R&D needs. It presents the relationship between the near-, mid-, and far-term planning documents

of the FAA and the JPDO and explains how the FAA R&D goals support these plans and their research
requirements, from the day-to-day safety, capacity, efficiency, and environmental issues of the NAS to the
future NextGen.

Chapter 2 provides a master schedule and includes a high-level plan for each of the ten R&D goals. The plan
aligns R&D programs under each R&D goal and integrates them to achieve the R&D performance target for 2016.
Milestones identify the responsibilities of each program and provide measures of interim progress toward the
R&D target. This year, the chapter identifies progress to date and challenges that remain in achieving the R&D
targets by 2016.

* _OMB Circular A-11, “Prepatation, Submission and Execution of the Budget,” July-21, 2010 sectlon 84, page 8
(www.whitehouse. gov/ OMB/circulars).

t _Joint Planning and Development Office, Next Generation Air Transportation System Integrated Plan, December 2004
(www.jpdo.gov).

Preface




Chapter 3 identifies the FAA R&D programs that support NextGen and shows how the programs map to the
solution sets and operational improvements of the NextGen Implementation Plan. The FAA R&D programs
that support NextGen are a subset of the R&D portfolio and budget presented in Chapter 2.

Chapter 4 provides summaries of the R&D programs; the five-year budget plan; partnership activities with other
government agencies, academia, and industry; and methods used to evaluate the programs. It presents the
programs and budget according to the President’s budget submission for fiscal year (FY) 2012.

All appendices are included in a separate volume from the main body of the 2011 NARP. Appendix A provides
a detailed description and justification for each R&D program, including the requested budget, planned
accomplishments, description of activities, performance linkages, and criteria for success.

Appendix B provides detailed information on FAA partnerships with government, academic, and industry
organizations. It lists information for FY 2010, including active agreements with other government agencies,
cooperative R&D agreements, patents, and grants. This appendix supports the partnership section in Chapter 4.

Appendix C provides the recommendations of the Research, Engineering, and Development Advisory
Committee (REDAC), listed according to the reports produced by the committee in FY 2010. The FAA response
to each recommendation is included. This appendix supports the evaluation section in Chapter 4.

Appendix D shows the status of all Chapter 2 milestones in the 2011 NARP. The appendix lists any changes in
the milestones aligned with the ten R&D goals in Chapter 2 to provide the reader complete transparency and
maintain continuity with previous editions of the NARP.

Appendix E provides a list of acronyms and abbreviations used in the 2011 NARP appendices.

A companion document to the 2011 NARP, the R&D
Annual Review, is a report by the FAA to the United
States Congress pursuant to 49 United States Code
44501(c)(3). It describes research completed during
FY 2010, including the dissemination of research
results and a description of any new technologies
developed. It aligns the accomplishments with the ten
R&D goals presented in Chapter 2 of the NARP and
the programs described in Appendix A.
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Aviation is a vital resource for the United States because of its strategic, economic, and social importance.
The aviation industry provides opportunities for business, jobs, economic development, law enforcement,
emergency response, personal travel, and recreation. It attracts investment in local communities and opens
new domestic and international markets and supply chains.

To maximize these opportunities, the United States must not only maintain, but also continue to improve upon
its airspace system so that it remains responsive to its rapidly changing and expanding transportation needs
while ensuring the highest level of safety. Increased mobility, higher productivity, reduced environmental
impact, and greater efficiency are possible through the introduction of new technologies and procedures,
innovative policies, and advanced management practices. Collaborative, needs-driven R&D is central to this
process, because it enables the United States to be a world leader in its ability to move people and goods by air
safely, securely, quickly, affordably, efficiently, and in an environmentally sound manner.
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MissioN

The FAA’s mission is to provide the safest and most efficient aerospace system in the world. The NAS provides
a service: it moves anyone and anything (e.g., people, goods, aerospace vehicles) through the atmosphere
between points on the earth’s surface and between the Earth and space. It does this for a wide range of users
(e.g., passengers, shippers, general aviation) and purposes (e.g., business and personal travel, law enforcement,
defense, emergency response, surveillance, research).

The system is global, operates day and night, in peacetime and wartime, and in all but the most severe
weather conditions. It consists of three major elements: aerospace vehicles (e.g., commercial, military, and
unmanned aircraft, general aviation, space launch and re-entry vehicles, rotorcraft, gliders, hot air balloons);
infrastructure (e.g., airports and airfields, air traffic management systems, space launch and re-entry sites);
and people (e.g., aircrews, air traffic controllers, system technicians, ground personnel). Because the role and
interactions of all of these elements determine the nature and performance of the system, it is important to
consider all elements simultaneously in designing, developing, and operating the system.

The design, development, maintenance, and operation of the NAS relies on the efforts of various federal, state,
and local government organizations; industry; labor unions; academia; and other domestic and international
organizations. The public also plays a key role by paying taxes and fees that contribute to regulation of the
aviation industry; development, maintenance, and operation of the air traffic management (ATM) system; and
airport security and other public aviation services.

VISION

In November 2003, the Secretary of Transportation set forth a vision to transform the nation’s air
transportation system into one that is substantially more capable of ensuring America maintains its
leadership in global aviation. That vision, created by the U.S. Department of Defense (DoD), Department of
Transportation (DOT), Department of Homeland Security (DHS), Department of Commerce (DOC), FAA,
National Aeronautics and Space Administration (NASA), and the President’s Office of Science and Technology
Policy (OSTP), is “A transformed aviation system that allows all communities to participate in the global
marketplace, provides services tailored to individual customer needs, and accommodates seamless civil and
military operations.”™

To realize this vision, the air transportation system must accommodate an increasing number and variety
of aerospace vehicles (e.g., unmanned aircraft systems, very light jets), a broader range of air and space
operations (e.g., point-to-point, space launch and re-entry), and a variety of business models (e.g., air taxis,
regional jets). It will do this across all airspace, at all airports, space launch and re-entry sites, and in all
weather conditions, while simultaneously improving system performance and ensuring safety and security.

* Letter to the President from Secretary of Transportation Norman Y. Mineta, “America at the Forefront of Aviation: Enhancing

Economic Growth,” November 25, 2003.

° Chapter 1



NaTioNAL GoALS

To achieve this vision, the Secretary of Transportation established a set of far-term national goals to transform
the current aviation system into a next generation air transportation system by 2025. The 2025 system will
contribute substantially to continued economic prosperity, national security, and a higher standard of living for
all Americans in the 21st century. These national goals are:

« Enhancing economic growth and creating jobs

» Expanding system flexibility and delivering capacity to accommodate future demand
« Tailoring services to customer needs

« Integrating capabilities to ensure our national defense

« Promoting aviation safety and environmental stewardship
« Retaining U.S. leadership and economic competitiveness in global aviation




PLANNING DOCUMENTS

The national goals challenged the FAA to support the far-term requirements to achieve NextGen and the
near-term requirements to address the day-to-day safety and capacity issues of the NAS. The FAA aligns its
existing plans to achieve this balance between near-term goals and NextGen by working with other agencies as
part of the JPDO to plan and refine the far-term goals for NextGen and establishing an FAA office to plan the
integration and implementation of NextGen. This section explains how the FAA and JPDO plans and goals are
connected and how the FAA R&D portfolio supports the larger planning effort by providing research to balance
the near-, mid-, and far-term needs of the aviation community.

Figure 1.1 describes the relationship between the Flight Plan, NextGen Implementation Plan, NAS Enterprise
Architecture, NAS Capital Investment Plan, NARP, and JPDO plans. The relationship includes relative
timeframes, from today to the year 2025.
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FLicHT PLAN

The FAA 2009-2013 Flight Plan is the five-year
strategic plan for the FAA that describes the Agency’s
overall near-term performance goals and objectives,
including increased safety and greater capacity. Since
the FAA has the day-to-day responsibility to promote
the safe and efficient operation of the current aviation
system, the Flight Plan goals and objectives drive
many Agency priorities, including research. The
Flight Plan provides the foundation for the other FAA
plans, includes all FAA initiatives, and focuses on the
near-term. For more information, see http://www.
faa.gov/about/plans_reports/.

NEXTGEN IMPLEMENTATION PLAN

The FAA’s NextGen Implementation Plan outlines
the Agency’s path to deliver mid-term (2012-2018)
NextGen capabilities and their associated benefits.
The NextGen Implementation Plan lays out the
Agency’s vision for NextGen, identifying the goals
set for technology and program deployment and the
commitments made in support of that vision. The
NextGen Implementation Plan includes all FAA
initiatives for NextGen and focuses on the mid-
term. Chapter 3 of the NARP provides a summary
of the NextGen Implementation Plan and the seven
solutions sets of NextGen. For more information, see
http://www.faa.gov/nextgen/.

ENTERPRISE ARCHITECTURE

The FAA Enterprise Architecture (EA) provides the
overall architecture for the Agency in three parts:
National Airspace System (NAS) EA, Regulatory

EA, and Non-NASEA (information technology
investments and business processes). The NASEA
contains the systems and operational changes for the
command and control of the NAS, and it provides the
set of technical roadmaps describing how the current
NAS will transition to NextGen, including the mid-
term target architecture for 2018 and the transition
strategy to achieve that architecture. It contains
milestones for planning purposes but it is not used
as a tool for managing NextGen implementation.
The NASEA addresses the transition from the
current system to NextGen and includes near-, mid-,
and far-term architectures for the NAS. For more
information, see https://nasea.faa.gov/.

Chapter 1 e
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NAS CaAPITAL INVESTMENT PLAN

The FAA NAS Capital Investment Plan (CIP) for Fiscal Years 2012-
2016 describes the planned investments in the NAS over the next
five-years for each budget line item in the F&E appropriation. The
CIP is similar to the NARP in that the FAA submits both to Congress
at the same time as the President’s Budget. The CIP includes

only FAA F&E programs, whereas the NARP addresses the entire
FAA R&D portfolio. Both documents present the part of the R&D
portfolio funded by the F&E appropriation. The CIP ties directly

to the Flight Plan goals and objectives, identifies the NextGen
investments funded by the F&E appropriation, and provides the
NASEA roadmaps. The CIP supports the NAS modernization effort
depicted in the NASEA. The CIP addresses all FAA programs funded
by the F&E appropriation and focuses on the near- to mid-term. For
more information, see http://go.usa.gov/aXa/.

NATIONAL AVIATION RESEARCH PLAN

The NARP provides the FAA’s R&D plan, presents the entire

FAA R&D portfolio, including NextGen R&D programs, and
identifies investments planned for the next five years in four FAA
appropriation accounts. The NARP is an integrated, performance-
based R&D plan with goals and performance targets that support the
Flight Plan, NextGen Implementation Plan, and JPDO. The R&D
goals reflect the broad spectrum of the FAA R&D portfolio, including
aircraft safety, airports, commercial space technology, environment
and energy, weather, and human factors. The NARP presents the
FAA R&D portfolio and addresses the near-, mid-, and far-term
research needs of the aviation community. For more information,
see http://www.faa.gov/go/narp/.

JOINT PLANNING AND DEVELOPMENT
OFFIce PLANS

In 2003, Congress created the JPDO* to coordinate interagency
planning related to NextGen. The JPDO supports the Office of the
Secretary of Transportation (OST) and reports to its Senior Policy
Committee, chaired by the Secretary of Transportation, and includes
representatives from DoD, DOT, DHS, DOC, FAA, NASA, and OSTP.
In 2004, working with industry and academia, the JPDO published
the NextGen Integrated Plan, establishing the far-term system goals
and objectives for NextGen in 2025. Subsequently, JPDO produced
the NextGen Concept of Operations (ConOps), EA, and Integrated
Work Plan (IWP). Current efforts focus on the policy required to
achieve NextGen. The JPDO plans address the efforts of all NextGen
participants, including FAA, in the far-term. For more information,
see http://www.jpdo.gov/.

*  Vision 100 — Century of Aviation Reauthorization Act, Public Law 108-176,
December 12, 2003.

o Chapter 1
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REseARCH AND DEVELOPMENT

The FAA uses R&D to support policy and planning; regulation, certification, and standards development;

and modernization of the NAS. It conducts applied research and development as defined by OMB Circular
A-11. The definition of applied research is systematic study to gain knowledge or understanding necessary to
determine the means by which a recognized and specific need may be met. The definition of development is
systematic application of knowledge or understanding directed toward production of useful materials, devices,
and systems or methods, including design, development, and improvement of prototypes and new processes to
meet specific requirements.”

MissioN

The FAA R&D mission is to conduct, coordinate, and support domestic and international R&D of aviation-
related products and services that will ensure a safe, efficient, and environmentally sound global air
transportation system. It supports a range of research activities from materials and human factors to the
development of new products, services, and procedures.

VisioN AND VALUES

The FAA R&D vision is to provide the best air transportation system through the conduct of world-class,
cutting edge research, engineering, and development.

The FAA has defined five R&D organizational values to enable it to better manage its programs and achieve its
far-term R&D vision. These are:

 Goal driven - Achieve the mission. The FAA uses R&D as a primary
enabler to accomplish its goals and objectives.

« World class - Be the best. The FAA delivers R&D results that are high quality,
relevant, and improve the performance of the aviation system.

« Collaborative - Work together. The FAA partners with other government agencies, industry, and
academia to capitalize on national R&D capabilities to transform the air transportation system.

« Innovative - Turn ideas into reality. The FAA empowers, inspires, and encourages our people
to invent new aviation capabilities, and creating new ways of doing business to accelerate
the introduction of R&D results into new and better aviation products and services.

« Customer focused - Deliver results. The FAA R&D program delivers quality
products and services to the customer quickly and affordably.

By aggressively promoting these values, the FAA will generate the maximum benefit from limited R&D
resources to help achieve the national vision of a transformed aviation system.

t  OMB Circular A-11, “Preparation, Submission and Execution of the Budget,” July 21, 2010, section 84, page 8 (www.whitehouse.

gov/OMB/circulars).
Chapter 1 e
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GoALs

The FAA R&D portfolio supports both the day-to-day operations of the NAS and the development of NextGen.
To achieve balance between the near-, mid-, and far-term, the FAA has defined ten crosscutting R&D goals to
focus and integrate its programs.

When developing the R&D goals, originally published in the 2006 NARP, the FAA R&D community considered
the goals and performance targets of the Flight Plan and NextGen Integrated Plan, including how the two
plans connect and how the strengths of the FAA R&D portfolio might help achieve the goals of these two plans.

The FAA R&D portfolio can help transform the system by aiming for ideal performance rather than by focusing
on incremental improvements to current capabilities that may not achieve NextGen. The R&D goals challenge
researchers to think far-term and achieve future breakthroughs. The R&D goals are:

« Fast, Flexible, and Efficient — a system that safely and quickly moves anyone and
anything, anywhere, anytime on schedules that meet customer needs

+ Clean and Quiet — a reduction of significant aerospace environmental impacts in absolute terms
« High Quality Teams and Individuals — the best qualified and trained workforce in the world

« Human-Centered Design — aerospace systems that adapt to, compensate
for, and augment the performance of the human

« Human Protection — a reduction in fatalities, injuries, and adverse
health impacts due to aerospace operations

« Safe Aerospace Vehicles — a reduction in accidents and incidents due
to aerospace vehicle design, structure, and subsystems

« Separation Assurance — a reduction in accidents and incidents due to
aerospace vehicle operations in the air and on the ground

« Situational Awareness — common, accurate, and real-time information on
aerospace operations, events, crises, obstacles, and weather

« System Knowledge — a thorough understanding of how the aerospace system operates, the
impact of change on system performance and risk, and how the system impacts the nation

« World Leadership — a globally recognized leader in aerospace technology, systems, and operations

Table 1.1 shows the primary relationship among the Flight Plan goals, FAA R&D goals, the NextGen
Implementation Plan solution sets, and the JPDO far-term goals identified for NextGen. Each FAA R&D goal
aligns with a primary Flight Plan goal.

e Chapter 1



Table 1.1: Alignment of Goals

FAA Flight Plan
Goals

FAA R&D
Goals

FAA’s NextGen Implementation Plan
and Solution Sets

JPDO NextGen
Integrated Plan Goals

# Greater Capacity

#Fast, Flexible,
and Efficient

#Initiate Trajectory-Based Operations

*Reduce Weather Impact

*Increase Flexibility in the
Terminal Environment

®Increase Arrivals/Departures at
High Density Airports

*Improve Collaborative Air Traffic
Management

* Transform Facilities

¢ Expand Capacity

¢(Clean and Quiet

®Increased Safety

¢ Human-Centered Design
¢Human Protection
*Safe Aerospace Vehicles

*Increase Safety, Security,
and Environmental Performance

*Protect the Environment

¢ Ensure Safety

#Separation Assurance
# Situational Awareness
¢ System Knowledge
#Secure the Nation
¢ Ensure our National Defense
A ;
Elézggshoinal ¢ World Leadership -
P #Retain U.S. Leadership
in Global Aviation
#Organizational *High Quality Teams - ; M
Excellence and Individuals
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The R&D goals help align, plan, and evaluate the FAA’s R&D portfolio. This chapter presents a master
schedule with a high-level plan for each of the ten R&D goals.

The ten R&D goals with corresponding R&D targets were developed by considering the near-, mid-, and far-
term needs of the aviation community and determining how the R&D portfolio’s research strengths could be
used to meet those needs. The JPDO’s NextGen Integrated Plan provides performance targets for 2025 to
increase capacity and efficiency. Applying these challenging performance targets to the Flight Plan reveals
corresponding needs in other areas. For example, increasing capacity could generate a corresponding
reduction in aviation safety and increases in fuel consumption, noise, emissions, and the number of air
traffic controllers needed, resulting in operational and societal costs that might hinder capacity growth.

By applying the FAA R&D portfolio strengths in aviation safety, environment, and human factors to these
issues, the FAA will mitigate them, enabling the desired increase in capacity. The R&D goals and targets
reflect how the strengths of the FAA R&D portfolio support both the Flight Plan and NextGen.

The following pages provide the plan for each of the ten R&D goals. Each R&D goal includes an R&D target
for the year 2016 to help measure progress toward the R&D goal. Milestones represent detailed steps
toward each R&D target and identify the contributions of each R&D program toward the R&D target. The
milestones measure annual progress: checkmarks identify each completed milestone with a short paragraph
on progress that describes the significance of each milestone completed in 2010. Progress reports for each
R&D goal evaluate current results against the plan and identify challenges that remain in reaching the R&D
target by 2016.

Table 2.1 provides a map of the R&D programs to the R&D goals and shows how the program’s funding
aligns with the R&D goal. The intent of this chapter is to identify contributing programs and provide
assignments for delivery responsibilities, so that each program focuses on aspecific, limited number of R&D




Table 2.1: Map of R&D Programs in 2012 to R&D Goals

Goal 1 Goal 2 Goal 3
Fast, High
Flexible, Clean and Quality
R&D Programs and Quiet Teams and
Efficient Individuals

Advanced Materials/Structural Safety A1l.c
Aeromedical Research A11]j
Air Traffic Control/Technical Operations Human Factors A11.i 10,634
Aircraft Catastrophic Failure Prevention Research A1rf
Aircraft Icing - Atmospheric Hazards/Digital System Safety A1rd
Airport Cooperative Research - Capacity - 1,650
Airport Cooperative Research - Environment - 5,000
Airport Cooperative Research - Safety --
Airport Technology Research - Capacity -- 12,025
Airport Technology Research - Environment -- 1,500
Airport Technology Research - Safety --
Airspace Management Program 1A01E
Center for Advanced Aviation System Development (CAASD) 4A09A 15,266 1,367
Commercial Space Transportation Safety --
Continued Airworthiness All.e
Environment and Energy A13.a 15,327
Fire Research and Safety A1la
Flightdeck/Maintenance/System Integration Human Factors AlLg Coordinate
Joint Planning and Development Office Al2.a 9,847 Coordinate Coordinate
NAS Weather Requirements 1A01D
NextGen - Air Ground Integration Human Factors A12.c
NextGen - Air Traffic Control/Technical Operations Human Factors
(Controller Efficiency and Air Ground Integration) 1A08A 10,000
NextGen - Alternative Fuels for General Aviation A11.m
NextGen - Enviror.lment and .En.ergy - Envirpnmental Management Systems 1A0SD T
and Advanced Noise and Emissions Reduction
NextGen - New Air Traffic Management Requirements 1A08B 37,000
NextGen - Operational Assessments 1A08F Coordinate
NextGen - Operations Concept Validation - Validation Modeling 1A08C
NextGen - Self-Separation Human Factors A12.d
NextGen - Staffed NextGen Towers (SNT) 1A08H
NextGen - System Safety Management Transformation 1A08G
NextGen - Wake Turbulence A12.b 10,674
NextGen - Wake Turbulence - Re-categorization 1A08E 3,000
NextGen - Weather Technology in the Cockpit A12.e
NextGen - Environmental Research - Aircraft Technologies, Fuels, and Metrics A13.b 20,523
Operations Concept Validation 1A01C Coordinate
Propulsion and Fuel Systems A11.b
Runway Incursion Reduction 1A01A
System Capacity, Planning and Improvement 1A01B
System Planning and Resource Management A14.a
System Safety Management A1rh
Unmanned Aircraft Systems Research A1l
Weather Program A11.k 1,637
William J. Hughes Technical Center Laboratory Facility A14.b

Total ($000) 91,098 57,350 22,001

9 Chapter 2




Goal 4 Goal 5 Goal 6 Goal 7 Goal 8 Goal 9 Goal 10
Human- Safe . . .
Centered |, ote | Aerospace | SO | wareness | Knowledge | Leadership (8060)
Design Vehicles
Coordinate 2,605 A1l.c 2,605
11,617 Coordinate A11j 11,617
Coordinate Coordinate Coordinate A11i 10,634
1,502 A1f 1,502
1,621 3,783 A11d 5,404
1,700 1,650 - 5,000
Coordinate - 5,000
2,500 Coordinate 2,500 - 5,000
-- 12,025
-- 1,500
5,504 10,221 -- 15,725
3,000 1A01E 3,000
684 3,646 1,823 4A09A 22,785
500 500 - 1,000
12,085 504 Ail.e 12,589
Coordinate A13.a 15,327
6,852 1,305 Coordinate Alla 8,157
6,162 Coordinate Coordinate A1Lg 6,162
Coordinate Coordinate Coordinate 4,220 A12.a 14,067
1,000 1A01D 1,000
10,545 Al2.c 10,545
Coordinate Coordinate 1A08A 10,000
2,071 A11.m 2,071
1A08D 15,000
1A08B 37,000
10,000 1A08F 10,000
10,000 1A08C 10,000
9,934 Coordinate A12.d 9,934
6,000 1A08H 6,000
18,000 Coordinate 1A08G 18,000
Coordinate A12.b 10,674
Coordinate Coordinate 1A08E 3,000
Coordinate 9,186 Coordinate Al2.e 9,186
Coordinate A13.b 20,523
4,000 1A01C 4,000
3,611 A11b 3,611
5,000 1A01A 5,000
6,000 1A01B 6,000
1,718 Al4.a 1,718
Coordinate 10,027 Ai1r.h 10,027
3,504 A1l 3,504
Coordinate 1,473 13,256 A1k 16,366
3,777 A14.b 3,777
22,184 29,567 31,650 9,934 48,309 72,223 1,718 386,035
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R&D TARGET

By 2016, demonstrate” that the system will have the flexibility to handle growth in demand up to three times
current levels” and demonstrate that gate-to-gate transit time can be reduced by up to 30 percent.

METHOD OF VALIDATION

The approach includes developing and demonstrating NextGen capabilities according to the NextGen
Implementation Plan and continuing ongoing efforts related to increasing airport capacity and reducing costs.
Validation of the R&D target will include a combination of modeling, analysis, full-scale testing, and initial
standards development. The capacity evaluation (under R&D Goal 9 - System Knowledge) supports the interim
assessment of progress and validation of this target.

FUNDING REQUIREMENTS - R&D GoaL 1

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

BLI Program Name B’F;s:t 2012 2013 2014 2015 2016 Notes
- f\g:;)arzif;operatlve Research AIP 1,650 1,650 1,650 1,650 1,650 33% of total program
- ‘i&g:;iigec}momgy Research AIP 12,025 12,150 12,150 12,150 12,150 100% of total program
Center for Advanced Aviation System 67% of R&D program
4A00A Development (CAASD) F&E 15,266 15,115 15,115 15,115 15,115 in FY 2012
A12.a g)‘zi“ctepla“mng and Development REXD 0,847 9,561 0547 9,668 9,882 70% of total program
1A08B NextGen - New A1r.Trafﬁc F&E 37,000 22,000 22,000 22,000 22,000 100% of total program
Management Requirements
A12.b NextGen - Wake Turbulence R,E&D 10,674 10,283 10,227 10,340 10,565 100% of total program

NextGen - Wake Turbulence o
1A08E Re-categorization F&E 3,000 1,500 1,500 1,500 1,500 100% of total program

1A01C  Operations Concept Validation F&E 0 0 0 0 0 coordination only

A1k Weather Program R,E&D 1,637 1,531 1,500 1,505 1,534 10% of the program

Total ($000) 91,098 73,790 73,688 73,928 74,396

* In this goal, demonstrate means to show that the methods and metrics developed are valid and that, with the system improvements
planned, it is possible to handle a significant increase in system capacity, where three-times is used as an upper limit (not a prediction)
and is purposely aggressive, as R&D goals should be stretch goals.

Tt The year 2004 is used as a baseline for consistency with the Vision 100 — Century of Aviation Reauthorization Act (P.L. 108-176) and
the Next Generation Air Transportation System Integrated Plan submitted to Congress as required in that legislation.
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MILESTONES

NEXTGEN DEMONSTRATIONS

Develop and demonstrate NextGen
technologies and concepts.

Demonstrate super-density operations.

(NextGen Demonstrations and
Infrastructure Development’)

2009: Demonstrate the addition of convective
weather (current and forecast) into Traffic
Management Advisor routing to increase
throughput and efficiency for large, super

density airports. [COMPLETED]

Demonstrate trajectory-based

operations. (NextGen Demonstrations

and Infrastructure Development)

2008: Demonstrate improved trajectory-based

operations in mixed-equipage, oceanic

airspace with actual aircraft and procedures.

[COMPLETED]

2009: Demonstrate via simulation standard
separation in a full-equipage, fully
automated environment with no voice
communication. [COMPLETED]

*

The NextGen Demonstrations and Infrastructure Development

program is no longer considered R&D after FY 2009.

Chapter 2

AIRPORT CAPACITY

Increase airport capacity while
reducing costs.

2008:

2011

2012:

Increase airport capacity. (Airport
Cooperative Research - Capacity)
[COMPLETED]

Develop guidebook to assist airport
planners with airfield and airspace capacity
evaluation. (Airport Cooperative Research
- Capacity)

Develop new standards and guidelines
for runway pavement design. (Airport
Technology Research - Capacity)

SEPARATION STANDARDS

Reduce separation with procedures only.

2008:

2013:

Modify procedures to allow use of
closely spaced parallel runways for
arrival operations during non-visual
conditions. (NextGen - Wake
Turbulence) COMPLETED

Modify procedures as requested to allow use
of closely spaced parallel runways for arrival
operations during non-visual conditions
(2 to 3 airports per year per Task Force 5
recommendations and for requests from
airports). (NextGen - Wake Turbulence)

Develop new performance-based
separation standards.

2009:

2013:

Develop and simulate separation procedures
that vary according to aircraft capability and
pilot training. (NextGen Demonstrations
and Infrastructure Development)
COMPLETED

Determine how best to incorporate the
leader/follower based wake separation
standards into the en-route and terminal
automation platforms. (NextGen - Wake
Turbulence - Re-categorization)



WAKE TURBULENCE

Demonstrate wake turbulence avoidance
technologies and procedures.

2010: Determine air navigation service provider
(ANSP) (and pilot as needed) situational
aircraft separation display concepts
required for implementation of the NextGen
Trajectory-Based Operation (TBO) and
High Density concepts. (NextGen - Wake
Turbulence) [COMPLETED]

2011: Refine the boundaries of the current six
weight categories for the NAS fleet mix and
define automation requirements to support
those modifications. (NextGen - Wake
Turbulence - Re-categorization)

2011: Determine initial set of optimal aircraft flight
characteristics and weather parameters
for use in setting wake separation
minimums. (NextGen - Wake Turbulence
- Re-categorization)

2012: Determine the NAS infrastructure
requirements (ground and aircraft) for
implementing the NextGen TBO and High
Density concepts within the constraints of
aircraft-generated wake vortices and aircraft
collision risk. (NextGen - Wake Turbulence)

2016: Develop the algorithms that will be used
in the ANSP (and flight deck as needed)
automation systems for setting dynamic
wake separation minimum for each pair
of aircraft. (NextGen - Wake Turbulence
- Re-categorization)

AVIATION WEATHER

Reduce weather-related delays to
increase on-time arrival rate and reduce
transit time. (Weather Program)

2010: Develop 0-8 hour advanced storm prediction
algorithm. [COMPLETED]

2010: Transition Rapid Refresh Weather Forecast
Model for implementation at National
Oceanic and Atmospheric Administration
(NOAA) National Centers for Environmental
Prediction. [COMPLETED]

2011: Demonstrate 0-8 hour advanced storm
prediction algorithm.

2013: Transition 0-8 hour advanced storm
prediction algorithm for implementation.

2013: Transition in-flight icing Alaska forecast and
analysis capability for implementation.
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ProGrREss IN FY 2010: FasT, FLEXIBLE, AND EFFICIENT

Increasing capacity and efficiency in the system is a cornerstone of the FAA Flight Plan and drives the need for
NextGen. The Fast, Flexible and Efficient goal is R&D’s contribution to increasing capacity and efficiency. The
R&D Target is, by 2016, to demonstrate that the system will have the flexibility to handle growth in demand up
to 3 times current levels and demonstrate that gate-to-gate transit time can be reduced by up to 30 percent.
The R&D portfolio provides research to improve capacity and efficiency, including research in the areas of
aviation weather, wake turbulence, and airports.

Over the past five years, the Airport Cooperative Research Program (ACRP) — Capacity Program has conducted
research aimed at improving the ability of airports to respond to the traveling public, focusing on the ability of
passengers to efficiently and effectively access airports and the airline services within them. The program has
provided the planning community with information on ground access to airports to plan, design, and construct
easier airport access methods. It also has studied the potential of implementing common-use systems at
airports, providing information for airport and airline staff to evaluate if these systems are suitable for their
respective airports.

Since 1998, the Weather Program has produced numerous enhancements in the areas of data assimilation,
model physics, and resolution, including operational implementation of the Weather Research Forecast in
2006 as part of the North American Mesoscale model application. Receiving feedback from users is critical in
development of capabilities that maximize capacity and efficiency. In 2009, the Weather Program produced a
prototype advanced storm prediction capability to provide high-resolution thunderstorm 0-8 hour forecasts
over the Northeast with an evaluation by users in a simulated operational environment.

During the last five years, NextGen — Wake Turbulence research gathered the most extensive database of
aircraft wake turbulence transport and decay information in the world and applied that information to develop
concepts for safely increasing the landing and takeoff capacity at airports with parallel runways spaced closer
than 2500 feet apart. Research results helped implement air traffic control (ATC) procedure changes for wake
turbulence mitigation and develop prototypes of ATC decision support tools, allowing greater use of airport
runways during weather conditions that require instrument operations or during periods of heavy departure
demand. The decision support tools for the FAA terminal automation systems allow the monitoring of wake
separations between aircraft and facilitate the operational environment of the NextGen era — including TBO;."
Required Navigation Performance (RNP) routing in High Density operations, and Flexible Terminal operations
— to meet capacity demands for air travel in the 2018 to 2025 timeframe. |
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ReEsuLTs ACHIEVED IN 2010 INCLUDE:
Situational Aircraft Separation Display Concepts:

The NextGen — Wake Turbulence Program provided concepts for situational aircraft-separation displays
needed to define requirements for future enhancements to the FAA terminal automation platforms. The
FAA will use these results to define ATC concepts for NextGen in the 2018 to 2025 timeframe, supporting
implementation of the NextGen TBO and High Density concepts. (NextGen — Wake Turbulence)

Advanced Storm Prediction Algorithm (0-8 hour):

About 75 percent of weather delays from April-September are caused by thunderstorms (convective
weather). In addition, $22 million in injuries, fatalities, and aircraft damage per year are the result

of convectively-induced turbulence. The FAA is developing an advanced storm prediction algorithm
specifically to minimize delays caused by convection. In FY 2010, development extended the prototype
forecast over the Continental Unites States (CONUS) and incorporated feedback from users. Additional
capabilities include forecasts of precipitation and storm height with 0-2 hour 1 kilometer (5-minute update
rate) and 2-8 hour 3 kilometer (15-minute update rate) with forecast and verification contours. Traffic
flow managers at the Air Traffic Control System Command Center, as well as users at Air Route Traffic
Control Centers, Terminal Radar Approach Control (TRACON) facilities, and several airlines evaluated
this capability. Initial feedback has indicated that this new capability provides information that may
enhance traffic-flow-management decision-making and thus, capacity and efficiency. The program will
complete data analysis and an evaluation report in FY 2011. Future enhancements by FY 2016 will include
probabilistic forecasts out to 18 hours and extend the domain over oceanic regions. (Weather Program)

Rapid Refresh Weather Forecast Model:

In-flight icing, turbulence, convective weather, and low ceilings and visibility affect both the capacity and
safety of the NAS on a daily basis. Timely and precise forecasts of these aviation-specific weather hazards
require forecast models that are not only accurate and updated frequently, but also easily enhanced as
research advancements become available. In 2010, development of the Weather Research Forecast (WRF)
model with a 1-hour update rate was completed and transitioned to NOAA for operational implementation.
Also known as the WRF-Rapid Refresh (RR), this version of the WRF model provides 13 kilometers
resolution, short-range weather model forecasts out to 18 hours, as well as 1-hour background forecasts for a
high frequency, three-dimensional objective analysis over all of North America. The FAA will use the WRF-
RR output as input for developing aviation weather applications that produce weather hazard forecasts.
Future enhancements by 2016 will include probabilistic forecasts and evolving to a global rapid refresh,
updated hourly. (Weather Program)

Multimodal Transportation in Coastal Mega-Regions:

The ACRP — Capacity Program developed integrated strategic actions to enhance decision-making to address
the constrained aviation system capacity and growing travel demand in the high-density, multi-jurisdictional,
multimodal, coastal mega-regions along the east and west coasts. Transportation agencies and operators, as
well as public officials at the federal, state, and local levels will use the research results. (ACRP)
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Automated People Mover System at Airports:

The ACRP — Capacity Program prepared a comprehensive guidebook for planning and implementing
automated people mover (APM) systems at airports. The guidebook includes a Compact Disc Read Only
Memory with interactive tools designed to assist airports to plan and implement an APM system. The scope
of this research includes APM systems that provide transportation on airport grounds as well as access to
remote facilities (e.g., airport parking, car rental facilities, hotels, off-airport public transportation, and
other related activity centers). (ACRP)

Airport Parking Strategies:

The ACRP — Capacity Program developed a handbook that airport operators can use to assess the impacts
on airport access due to constrained public and/or employee parking. For airports where constrained
parking exists or is expected, the handbook provides guidance on how to quantify the impacts of potential
changes in airport customer and employee access resulting from strategies such as changes in parking rates,
the provision of new or improved public or private transportation services, and the introduction of remote
parking facilities. The handbook allows airport operators to better understand, anticipate, and evaluate
changes in airport parking strategies at airports, where constrained-parking exists or is expected. (ACRP)

Managing Small Airports:

The ACRP — Capacity Program developed a practical, easy-to-use guidebook for managing small airports.
Owners, operators, managers, and policy makers of small airports will use the guidebook. The guidebook
(1) identifies fundamental management principles, (2) identifies best practices for effective use and
management of resources and facilities, and (3) presents the information in an attractive, convenient
format. A major element of this research is the identification of best practices that achieve safe and efficient
operations while maintaining compliance with regulatory requirements and federal obligations. (ACRP)

Airport Marketing:

The ACRP — Capacity Program developed a guidebook for small airport marketing, external
communications, and public information. The guidebook describes effective airport marketing practices,
provides guidance for their use, and assists airports in developing an airport marketing strategy. (ACRP)

Performance Measurement for Airports:

The ACRP — Capacity Program produced a practical, user-friendly guidebook that: (1) assists airport
management in understanding the practical benefits of a performance-measurement system; (2) identifies
methods to help airports discern how well they are meeting their customer and stakeholder expectations; (3)
guides the development and implementation of the most appropriate performance-measurement system;
and (4) provides examples of key performance indicators, and how to incorporate them into a system.
Performance-measurement systems resulting from this guidebook enhance the airport’s decision-making
process to improve service and efficiency. (ACRP)
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The Airport and Airline Relationship:

The ACRP — Capacity Program developed a resource manual for airport and airline professionals that: (1)
describes the current range of practices and characteristics of airport and airline relationships and their
relative, underlying airport and airline business models; (2) identifies and briefly summarizes rates and
charges policies and guidance; (3) identifies, compares, and contrasts airport and airline critical issues,
objectives, and considerations inherent in airport and airline agreements or other business arrangements;
and (4) identifies and synthesizes the trade-offs and linkages among the critical issues as they relate to
common objectives for airport and airline negotiations. Airports have a complex relationship with the
airlines and airport tenants particularly at larger airports. This report will provide practical guidance to
airports when negotiating with airlines. It will help airports meet their obligations to the FAA to be self-
sufficient yet ensure that airline fees are reasonable. Maintaining this cooperative relationship is important
in this era of deregulation to ensure airlines continue to service the airport and do not affect capacity by
pulling out of the airport on short notice to service airports with more attractive rates and charges. (ACRP)

The magnitude of the R&D Target represents a substantial stretch goal for researchers. Although R&D
programs conduct research that will provide important improvements in capacity and efficiency, the
improvements provided by these efforts will not be enough to meet the target. Measuring improvements is
difficult, and the programs are working to determine how much improvement will result from the research.
The Wake Turbulence Program is furthest along and plans to validate an estimated 5-10 percent improvement
in capacity by 2016. During the next five years, NextGen — Wake Turbulence research will develop additional
wake turbulence mitigation processes to enable NextGen-era ATC operations. It will define a solution space
that accomplishes these operations with equal or increased levels of wake encounter safety and provides
technology solutions that increase capacity. The Weather Program is working to improve the quality of
convective weather forecasts that support aviation strategic planning at 4 and 6 hour lead-times by reducing
over and under forecasting by 2 percent, while also increasing the critical success index by 1 percent.
Ultimately, to achieve measurable progress towards goals, improved weather information as a result of forecast
improvements will need to be translated into impacts that support enhanced ATM decision-making. By 2016,
the capacity and efficiency evaluation under Goal 9 — System Knowledge plans to validate solutions that meet
the forecasted demand for 2025", that based on the current forecast, is 58 percent higher than the year 2004.
This means that current efforts to increase capacity and efficiency will produce improvements, but not at the
level needed to meet the R&D Target. The FAA is working to define new goals and metrics that may replace the
R&D Target for this R&D Goal next year.

* Federal Aviation Administration Terminal Arec http://www.faa.gov/
data_research/aviation/aerospace_forecasts/2010
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R&D TARGET

By 2016, demonstrate” that significant aviation noise and emissions impacts can be reduced in absolute terms
(despite growth) in a cost-beneficial way, make progress toward achieving carbon neutral growth by 2020 from
a 2005 baseline, and reduce uncertainties in particulate matter and non-carbon dioxide (CO2) climate impacts
to levels that enable appropriate action.

METHOD OF VALIDATION

The approach has five parts: measure current levels of noise and emissions in the system; determine
appropriate reduction target levels; build models to assess and predict the impact of change; develop reduction
techniques and assess their cost-benefits; and develop environmental management systems for the NAS.
Validation of the R&D target will include modeling, physical demonstrations, prototypes, full-scale tests, and
software beta tests. The environmental evaluation milestones under R&D Goal 9 - System Knowledge also
support the interim assessment of progress and validation of this target.

FUNDING REQUIREMENTS - R&D GoaL 2

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.
Budget

BLI Program Name Type 2012 2013 2014 2015 2016 Notes
Airport Cooperative Research o
- Environment AIP 5,000 5,000 5,000 5,000 5,000 100% of total program
Airport Technology Research o
- Environment AIP 1,500 1,500 1,500 1,500 1,500 100% of total program
A13.a Environment and Energy R,E&D 15,327 14,505 14,293 14,384 14,677 100% of total program
A12.a Joint Planning and Development R,E&D o o o o 0 coordination only
Office
NextGen - Environmental Research
A13.b - Aircraft Technologies, Fuels, and R,E&D 20,523 19,743 19,623 19,833 20,263 100% of total program
Metrics
NextGen - Environment and Energy -
Environmental Management Systems o
1A08D and Advanced Noise and Emissions F&E 15,000 10,000 10,000 10,000 10,000 100% of total program
Reduction
1A08F  NextGen - Operational Assessments F&E o o o o 0 coordination only

Total ($000) 57,350 50,748 50,416 50,717 51,440

* 1In this goal, demonstrate means to show that the models and metrics developed are valid and that, with the system improvements
planned, it is possible to reduce aviation noise and emission impacts and enhanced energy efficiency even with a significant increase
in system capacity, where three-times is used as an upper limit (not a prediction) and is purposely aggressive, as R&D goals should be

stretch goals.
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MILESTONES

BASELINE MEASUREMENT

Measure current levels of aviation
related noise and emissions.

2009: Develop methodologies to quantify and
assess the impact of Particulate Matter and
Hazardous Air Pollutants. (Environment
and Energy; Airport Cooperative Research -
Environment) [COMPLETED]

2011: Establish the relationship between aviation
engine exhaust and the gases and —~~=+i~~1~+~
matter that are deposited in the
(NextGen - Environmental Rese:

Aircraft Technologies, Fuels, anc

2012: Expand noise data collection to v
jets and supersonic aircraft. (En
and Energy)

2012: Initiate a project to study aircraf
annoyance data and sleep distur
around airports. (Airport Techn
Research — Environment)

2013: Obtain direct measurements of t
air pollutants and particulate me
update modeling tools. (Enviror
and Energy)

THRESHOLD LEVELS

Determine acceptable lev
emissions.

2010: Develop new standards ¢
\/ to quantify and assess th
noise and aviation emiss

and Energy; Airport Coo
Environment) [COMPL.

Develop a new metric to
environmental impacts of new aircraft types.
(Environment and Energy)

2011

Complete tests and data collection to
determine if the right metrics are being
used to assess the impact of aircraft noise.
(NextGen - Environmental Research -
Aircraft Technologies, Fuels, and Metrics)

2011

Determine how aviation-generated
particulate matter and hazardous air
pollutants impact local health, visibility, and
global climate. (Environment and Energy;
NextGen - Environmental Research - Aircraft
Technologies, Fuels, and Metrics; Airport
Cooperative Research - E A

2011

Investigate feasibility of
aircraft noise and emissi
(Environment and Eners

2011




PREDICTION

Develop models to predict the impact
and benefits of changes.

2008: Develop and distribute the first generation of
\/ integrated noise and emission prediction and
modeling tools, including an environmental
cost module. (Environment and Energy)
[COMPLETED]

2010: Develop a preliminary planning version of an
Aviation Environmental Design Tool (AEDT)
that will allow integrated assessment of
noise and emissions impact at the local and
global levels. (Environment and Energy)
[COMPLETED]

2010: Assess the impacts of aviation on regional
\/ air quality, including the effects of nitrogen
oxide (NOx) emissions from aircraft climb
and cruise. (Environment and Energy)
[COMPLETED]

2011: Assess the level of certainty of aviation’s
impact on climate change, with special
emphasis on the effects of contrails.
(Environment and Energy)

2011: Complete development of first-generation
ground plume model for aircraft engine
exhaust. (Environment and Energy)

2011

2013:

2014:

2014:

Enhance regional analysis capability in
aviation environmental analysis tools.
(NextGen - Operational Assessments)

Update environmental assessment
models to incorporate new noise metrics.
(Environment and Energy)

Complete development and field a fully
validated suite of tools, including the AEDT
and the Aviation Environmental Portfolio
Management Tool (APMT). (Environment
and Energy, Airport Cooperative Research
- Environment)

Assess NAS-wide benefits of environmental
mitigation solutions comprised of new
technologies, alternative fuels, advanced
operational procedures, market measures,
and options for policy and noise/emissions
standards. (NextGen — Environment and
Energy — Environmental Management
System and Advanced Noise and Emission
Reduction)




REDUCTION TECHNIQUES

Develop noise and emission reduction
methods.

2008: Enable implementation of a new continuous-
descent approach noise abatement and
fuel burn (emissions) reduction procedure
at low-traffic airports during nighttime
operations and optimize aircraft routing
to reduce fuel usage. (Environment and
Energy) [COMPLETED]

2010: Develop algorithms to optimize ground
and airspace operations by leveraging
communication, navigation, and surveillance
technology in the short- to medium-term
to optimize aircraft sequencing and timing
on the surface and in the terminal area.
(NextGen — Environment and Energy —
Environmental Management System and
Advanced Noise and Emission Reduction)
[COMPLETED]

2010: Complete detailed feasibility study,
including economic feasibility, measure
environmental impacts, and demonstrate
drop-in potential for alternative fuels.
(NextGen - Environmental Research -
Aircraft Technologies, Fuels, and Metrics)
[COMPLETED]

2011: Complete detailed feasibility study, including
economic and environmental impacts and
an assessment of potential of renewable
alternative fuels for gas turbine engines.
(NextGen Environmental Research - Aircraft
Technologies, Fuels, and Metrics)

2013: Identify and pursue the development of
engine and airframe technologies that
will be the most effective at producing
environmental benefits. (NextGen
Environmental Research - Aircraft
Technologies, Fuels, and Metrics)
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2013:

2013:

2013:

2013:

2014:

2014:

2015:

2015:

Identify and pursue the development of
flight management system and other system
technologies that will be the most effective
at producing environmental benefits.
(NextGen Environment and Energy -
Environmental Management System and
Advanced Noise and Emissions Reduction)

Complete significant demonstration of
“drop-in” alternative turbine engine fuels.
(NextGen Environmental Research - Aircraft
Technologies, Fuels, and Metrics)

Demonstrate optimized airport and terminal
area operations that reduce or mitigate
aviation impacts on noise, air quality, or
water quality in the vicinity of the airport.
(NextGen - Environment and Energy -
Environmental Management System and
Advanced Noise and Emissions Reduction;
Airport Cooperative Research - Environment)

Demonstrate airframe and engine
technologies to reduce noise and emissions.
(NextGen Environmental Research - Aircraft
Technologies, Fuels, and Metrics)

Demonstrate optimized en route operations
that enhance fuel efficiency and reduce
emissions. (NextGen - Environment and
Energy - Environmental Management
System and Advanced Noise and Emissions
Reduction)

Complete assessment of renewable
alternative turbine engine fuels. (NextGen
Environmental Research - Aircraft
Technologies, Fuels and Metrics)

Complete transition plans for renewable
alternative fuels. (NextGen Environmental
Research - Aircraft Technologies, Fuels and
Metrics)

Assess environmental benefits of first round
of Continuous Lower Energy, Emissions,
and Noise (CLEEN) airframe and engine
technologies through integrated flight
demonstration. (NextGen Environmental
Research - Aircraft Technologies, Fuels, and
Metrics)



ENVIRONMENTAL MANAGEMENT

Develop environmental management
system for the NAS

2013: Evaluate, refine, and apply Environmental
Management System (EMS) decision
support tools to the aviation system.
(NextGen - Environment and Energy -
Environmental Management System and
Advanced Noise and Emissions Reduction)

2015: Refine and update approaches for EMS
performance tracking. (NextGen -
Environment and Energy - Environmental
Management System and Advanced Noise
and Emissions Reduction)
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PRrRoGRESs IN FY 2010: CLEAN AND QUIET

Both the FAA Flight Plan and NextGen Implementation Plan recognize the importance of making air
transportation cleaner, quieter, and more energy efficient to support greater mobility while reducing aviation’s
impact on our environment. The FAA R&D portfolio supports this R&D Goal and its R&D Target: by 2016,
demonstrate that significant aviation noise and emissions impacts can be reduced in absolute terms (despite
growth) in a cost-beneficial way, make progress toward achieving carbon neutral growth by 2020 from a 2005
baseline, and reduce uncertainties in particulate matter and non-CO2 climate impacts to levels that enable
appropriate action.

Over the past five years, the FAA conducted research to reduce the impact of airports and aircraft operations on
the environment, reduce aviation’s energy footprint, and advance deployment of sustainable alternative fuels.
In addition, the FAA conducted research to measure particulate matter and hazardous air pollutants on
airports resulting from aircraft operations. It also investigated deicing and anti-icing fluids, first trying to
develop alternative, more environmentally-friendly fluid formulations and then studying methods that
efficiently use, treat, and dispose of the fluids.

REsuLTs ACHIEVED IN 2010 INCLUDE:

Baseline Measurement:

One of the accomplishments of the ACRP component of the Environmental Program was gathering data

and developing a robust estimate of deicing chemicals used today and determining how use may vary by
geographic location and seasonal weather characteristics. In addition, the research gathered and summarized
information on existing regulatory requirements that directly address the potential discharge of deicing runoff
to comply with the Clean Water Act. Full implementation of these existing programs sheds important light

on the potential effect of related controls and environmental threats. This information will help direct future
assessment of potential environmental impacts from airfield and aircraft deicing materials. (ACRP)

Prediction:

One of the accomplishments of the ACRP component of the Environmental Program was improving the
ability to evaluate noise generated by aircraft ground operations, allowing airport staff, airport planners,
and consultants to systematically incorporate taxiway noise modeling in their evaluations when needed.
This capability will increase the accuracy of airport noise modeling, thus improving chances of identifying
significant noise impacts and incompatible land-uses and addressing appropriate mitigation strategies.
This research will enable a joint assessment of both noise and air quality, resulting in more balanced and
comprehensive decisions in airport planning. (ACRP)

@ Chapter 2



Aviation Environmental Design Tool (AEDT):

The Environment and Energy Program enhanced AEDT’s integrated aviation noise, emissions, and fuel burn
analysis capability and achieved major development milestones. Key improvements include new regional
modeling capabilities that will enable environmental review of airspace redesign projects and representation
of high fidelity weather for improved fuel burn analyses. We released two “beta” versions of AEDT to the
Design Review Group (DRG) for testing and evaluation. The DRG feedback is helping improve and guide
further AEDT development. These advances will enable release of the AEDT-regional model in 2011 and a
public version in 2013 for integrated airport environmental analyses. These AEDT releases will ultimately
replace legacy environmental analysis tools. By 2016, we will have enhanced AEDT capabilities to enable
integration with NAS-wide models for NAS-wide environmental analyses and to support decision-making.
(Environment and Energy)

Assessing the Impact of Aviation:

During FY 2010, the FAA developed preliminary estimates of the impact of cruise-altitude aircraft emissions
on surface air quality. Generally, researchers quantify aircraft contribution to surface air quality using
aircraft emissions between the surface and 3000 feet, known as the Landing and Takeoff (LTO) cycle.
However, approximately 9o percent of the aircraft fuel combustion occurs at cruise altitude, leading to

the release of NOx and sulfur oxide emissions. These emissions may also potentially affect surface air
quality. Results from this work helped inform the U.S. position on NOx emissions stringency at the Eighth
Meeting of the International Civil Aviation Organization Committee on Aviation Environmental Protection
(ICAO/CAEP) and achieve the most ambitious standards ever implemented. The FAA continues to refine
its analyses to reduce uncertainties and inform U.S. policy on reducing aircraft emissions and the role of
altitude emissions. (Environment and Energy)

Algorithms to Optimize Ground and Airspace Operations:

In FY 2010, the FAA developed algorithms for optimized ground and en-route operations and plans to
demonstrate these algorithms in pilot studies. In particular, researchers are demonstrating an N-control
optimization algorithm for surface operations at Boston Logan airport, and we are exploring options to
implement and test this algorithm in other airport settings. Researchers tested algorithms for optimized
en-route procedure at the FAA Technical Center in Atlantic City. Thus, research is valuable as aircraft
taxiing contributes to fuel burn and emissions at airports, and growing en-route air traffic in congested areas
is a source of additional environmental impacts. (NextGen - Environment and Energy - Environmental
Management System and Advanced Noise and Emissions Reduction)
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Drop-in Potential of Alternative Fuels:

In FY 2010, the FAA worked with other federal agencies and stakeholders to demonstrate the feasibility and
environmental benefits of drop-in alternative fuels, fuels that may reduce emissions that contribute to air
quality and climate change as well as provide security and price stability for commercial aviation. FAA-funded
researchers achieved a major milestone by contributing toward the approval of Fischer-Tropsch by ASTM
International and establishing a framework for the approval of additional fuels, completing a groundbreaking
study of life-cycle emissions of a wide range of alternative jet fuels, and making progress quantifying other
sustainability aspects such as land use and water use. Work continues with ASTM to qualify additional drop-in
alternative fuels with a focus on bio-blends. This work will enable availability and deployment of sustainable
jet fuels by 2016. (NextGen - Environmental Research - Aircraft Technologies, Fuels, and Metrics)

Over the past five years, the Environment and Energy Program has made a number of advances, such as
advancing sustainable alternative aviation fuels and environmentally-friendly operational procedures that will
enable us to demonstrate net reductions of significant environmental impacts and enhanced energy efficiency
by 2016, which is critical to enabling NextGen goals.

We have successfully characterized aviation noise and emissions related issues and quantified associated risks
that could potentially limit NextGen success. In particular, we have developed advanced models for integrated
noise, emissions, and fuel burn analyses to characterize the interdependencies and tradeoffs. These tools are
being used for NAS-wide environmental assessments and supporting decision-making through cost-benefit
analyses. We have identified a number of mitigation solutions (e.g., advance aircraft and fuel technologies,
environmentally and energy efficient operational procedures) and initiated efforts under NextGen funding to
mature and implement them. NextGen funding has allowed us to initiate development of EMSs that will
dynamically manage NextGen environmental goals and targets. We have also conducted research to support
more stringent environmental standards and market-based measures that will supplement potential shortfalls
in meeting NextGen environmental goals via technology and operations mitigation approaches.

Although there has been substantial progress to date, there are still challenges that need to be addressed to
achieve the 2016 R&D Target. Climate impacts of aviation need to be well quantified to inform tradeoffs among
emissions and, hence, decisions to develop technologies and critical national and international policies.
Characterization of aircraft non-volatile particulate emissions and their environmental impacts is another
major area of continuing focus. We also need to characterize noise impacts beyond the currently defined
“significant” level of 65 Day Night Level to allow effective mitigation of health and welfare impacts associated
with noise exposure. We need to establish the baseline environmental performance of our current aviation
system so that we can quantify the benefits and risks from NextGen solutions to inform implementation
decisions. We need to demonstrate and mature additional technologies under the CLEEN program. We need
to identify and accelerate deployment of sustainable fuels. We also need to conduct the research to enable
NAS-wide implementation of NextGen EMS across a range of stakeholders.

The Environment and Energy program is pursuing a comprehensive integrated R&D program. We continue to
work to advance our scientific understanding of aviation environmental impacts and pursue a range of
mitigation solutions that will contribute towards meeting NextGen environmental goals. We have identified
associated risks and are working to address and reduce them. We are on track to meet the environment and
energy R&D goals and targets.
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R&D TARGET

By 2016, demonstrate improvement in ANSP efficiency (e.g., greater number of aircraft) and effectiveness
(e.g., improvement of safety metrics) through automation and standardization of operations, procedures,
and information.

METHOD OF VALIDATION

The approach includes continued, incremental pursuit of efficiency gains in the cruise phase of flight and
pursuit of new knowledge and results that produce efficiency gains in the arrival and departure phases.
Automation and new capabilities added through implementation of operational improvements may provide
incremental efficiency benefits, and there are likely interactions among these capabilities; however, human
performance modeling and human-in-the-loop testing will help verify specific benefits accrued, including the
effects of a mixed equipage environment. The program will examine the roles of controllers and maintainers
at increased capacity levels. It will determine how to support those roles through the allocation of functions
between human operators and automation, enhancing safety and minimizing the potential for human error
while increasing efficiency. This goal contributes to the integrated demonstration under R&D Goal 4 -
Human-Centered Design.

FUNDING REQUIREMENTS - R&D GoaL 3

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

Budget

BLI Program Name Type

2012 2013 2014 2015 2016 Notes

Air Traffic Control/Technical

1 0,
A11i Operations Human Factors R,E&D 10,634 10,502 10,579 10,762 11,015 100% of total program
Center for Advanced Aviation System 6% of R&D program
4A09A Development (CAASD) F&E 1,367 1,354 1,354 1,354 1,354 in FY 2012
Al1g thhtde.c k/Maintenance/System R,E&D 0 0 0 0 0 coordination only
Integration Human Factors
A12.a Joint Planning and Development R,E&D o) o) o) o) 0 coordination only
Office
NextGen - Air Traffic Control/
1A08A Technical Operations Human Factors F&E 10,000 5,000 5,000 5,000 5,000 100% of total program

(Controller Efficiency and Air Ground
Integration)

Total ($000) 22,001 16,856 16,933 17,116 17,369
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MILESTONES

INCREASE TO 130 PERCENT DEMONSTRATE IMPROVEMENTS IN
ANSP EFFICIENCY

Demonstrate 130 percent controller
efficiency. (Air Traffic Control/
Technical Operations Human Factors)

2007: Demonstrate how to reduce verbal
\/ communication workload between the pilot
and controller for en route operations.
[COMPLETED]

2007: Identify the performance limitations of

\/ the controller in the terminal and tower
environments. [COMPLETED]

2008: Demonstrate efficiency improvements when
\/ controllers receive information on aircraft
equipage, performance capabilities, and
applicable procedures in a mixed equipage
environment. [COMPLETED]

2008: Conduct initial simulation to determine what
weather information is required by en route
and tower controllers to improve efficiency.
[COMPLETED]

SELECTION CRITERIA

Ensure ANSPs have the aptitude and
capability required to manage air traffic
in the future system. (NextGen - Air
Traffic Control/Technical Operations
Human Factors (Controller Efficiency
and Air Ground Integration))

2012: Apply program-generated human factors
knowledge to improve aviation system
personnel selection and training.

2015: Develop selection procedures to transform
the workforce into a new generation of
service providers that can manage traffic
flows in a highly automated system.

* The year 2004 was chosen as a baseline for consistency with
the Vision 100 — Century of Aviation Reauthorization Act (P.L.
108-176) and the Next Generation Air Transportation System
Integrated Plan submitted to Congress as required in that
legislation.
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Demonstrate improvements in ANSP
efficiency achieved by implementation of
NextGen ground automation capabilities
and aircraft equipage, use of data
communications, and implementation

of new decision support tools and
automation.

2010: Define anticipated controller workload
reductions due to implementation of data
communications. (NextGen - Air Traffic
Control/Technical Operations Human
Factors (Controller Efficiency and Air
Ground Integration)) [COMPLETED]

2010: Define initial requirements and anticipated
efficiency benefits for merging and spacing
decision support tools to support continuous
descent approach in the terminal area.
(NextGen - Air Traffic Control/Technical
Operations Human Factors (Controller
Efficiency and Air Ground Integration))
[COMPLETED]

2012: Improve computer-human interface design
to reduce information overload and resulting
errors. (Air Traffic Control/Technical
Operations Human Factors)

2013: Assess the Front Line Manager Quick
Reference Guide for effectiveness in aiding
ATC safety. (Air Traffic Control/Technical
Operations Human Factors)

2013: Analyze controller roles in a strategic air
traffic environment for the impact on
personnel selection and training. (NextGen
- Air Traffic Control/Technical Operations
Human Factors (Controller Efficiency and
Air Ground Integration))

2013: Demonstrate collaborative air traffic
management efficiencies enabled by
common situation awareness between flight
operators and ANSP.



2013:

2014:

Demonstrate increased ANSP efficiencies
through new procedures that allow ANSP
personnel to manage and introduce routing,
airspace, and equipage mix changes in the
dynamic air traffic environment. (NextGen
- Air Traffic Control/Technical Operations
Human Factors (Controller Efficiency and
Air Ground Integration))

Provide a draft of a revised Human Factors
Design Standard for human factors
application to ATC system acquisition.

(Air Traffic Control/Technical Operations
Human Factors)

2016: Perform an analysis of controller roles in
terms of the services they provide during
a given phase of flight as the differences
between en route and terminal begin to blur.
(NextGen - Air Traffic Control/Technical
Operations Human Factors (Controller
Efficiency and Air Ground Integration))
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ProGRrEss IN FY 2010: HicH QuaALITY TEAMS AND INDIVIDUALS

The R&D Goal of High Quality Teams and Individuals supports the goals of greater capacity and increased
safety in the Flight Plan and for NextGen. The R&D Target is, by 2016, demonstrate improvement in ANSP
efficiency (e.g., greater number of aircraft) and effectiveness (e.g., improvement of safety metrics) through
automation and standardization of operations, procedures, and information.

The research program started in 2005 with the first iteration of the Future En Route Workstation (FEWS). A
demonstration of FEWS followed in 2006, and the FEWS effort continued with refinements and expanded
research into advanced workstation concepts. In 2006, the program initiated advanced controller workstation
concepts in the tower domain. In 2007, a substantial effort in the TRACON environment for an advanced
controller workstation began through enhancements of laboratory infrastructure followed by human factors
concept development and high fidelity simulations. The FAA is adopting and implementing products of these
research efforts in acquisition programs such as the En Route Automation Modernization (ERAM) system.
Specific characteristics of FEWS are evident in various versions of ERAM that are in the acquisition or planning
process. The results of tower and TRACON research similarly aided development of data communications
(DataCom) during various acquisition phases. These results demonstrate that the human factors research
program is focused on the concept of “research to practice” to assure that the program has a measurable and
positive impact on operations.

REsuLTs ACHIEVED IN 2010 INCLUDE:

Defined Anticipated Controller Workload Reductions due to Implementation of
DataCom:

In 2010, researchers completed initial investigations into application of DataCom in the TRACON domain.
Researchers introduced DataCom to the workstation as a total package that may represent the 2018
environment. It included area navigation (RNAV) routes and arrival procedures in the terminal area and
decision support tools that may be representative of NextGen improvements in the mid-term. Results show
that DataCom can enhance controller performance (e.g., number of aircraft handled in the arrival sector) and
reduce workload; however, the major improvement resulted from introduction of RNAV routes. These routes
improve the utility of DataCom. When used together, RNAV routes and DataCom improve human-system
performance substantially. DataCom potentially can improve the performance and utility of decision support
tools by making them more accurate, which in turn decreases controller workload. (NextGen - Air Traffic
Control/Technical Operations Human Factors (Controller Efficiency and Air Ground Integration))
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Defined Initial Requirements and Anticipated Efficiency Benefits for Merging and
Spacing Decision Support Tools to Support Continuous Descent Approach in the
Terminal Area:

The program completed two merging and spacing efforts in the terminal environment in 2010. The first
used a detailed approach to address human factors requirements for optimized profile descents and
integrated arrivals and departures. This was an important step in the analysis of proposed improvements
to controller tasks and culminated in the development of human-system integration requirements. The
second effort was imbedded in the FEWS simulation to evaluate the proposed use of decision support tools
for merging and spacing. Included was conformance monitoring for adherence to routings such as the
various types of continuous descent approaches. Researchers learned that use of such tools requires that
conformance monitors and other alerting functions need a very low nuisance alarm rate to build a sense of
trust in the automation. They also determined that the use of support tools would only be effective if the
controller perceives that the tool provides a performance benefit. (NextGen - Air Traffic Control/Technical
Operations Human Factors (Controller Efficiency and Air Ground Integration))

There is a substantial challenge to meet the 2016 target of improving controller efficiency and effectiveness.
The program must adequately define the effective use of automation to enhance human-system performance.
As the level of automation in the NAS increases, the human factors research program will seek to address the
proper roles and responsibilities of air traffic controllers in a highly automated NAS as well as specific human
factors requirements for automation that augment or replace controller tasks. Off-nominal scenarios and
automation failures are significant areas of concern. These will require proper identification of the anomaly,
maintenance of situation awareness, and the ability of controllers to maintain safety under degraded
automation modes. This R&D Target is on schedule to be met by 2016.
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R&D TARGET

By 2016, demonstrate that operations (e.g., day and night, all weather), procedures, and information can be
standard and predictable for users (e.g., pilots, controllers, airlines, passengers) at all types of airports and for
all aircratft.

METHOD OF VALIDATION

The approach includes identifying roles and responsibilities, defining human and system performance
requirements, applying error management strategies, and conducting an integrated demonstration across
multiple goal areas. Validation of the R&D target will include simulations and demonstrations to confirm the
requirements and methodologies for human performance and error management. The final demonstration
will integrate weather-in-the-cockpit technologies, self-separation procedures, ATC productivity tools, and
network-enabled collaborative decision-making to increase capacity, reduce delays, and promote safety.

R&D GoaL 4

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

FUNDING REQUIREMENTS -

BLI Program Name B,?;E:t 2012 2013 2014 2015 2016 Notes

A11i Air Traf fic Control/Technical R,E&D 0 0 0 0 0 coordination only
Operations Human Factors
Airport Cooperative Research o
- Capacity AIP 1,700 1,700 1,700 1,700 1,700  34% of total program
Flightdeck/Maintenance/System o

Allg Integration Human Factors R,E&D 6,162 6,070 6,107 6,209 6,354 100% of total program

A12.a Joint Planning and Development R,E&D o) o) o) o) o) coordination only
Office
NextGen - Air Ground Integration o

Al2.c Human Factors R,E&D 10,545 10,117 10,043 10,144 10,363 100% of total program
NextGen - Air Traffic Control/
Technical Operations Human Factors .

1408A (Controller Efficiency and Air Ground F&E 0 0 0 0 0 coordination only
Integration)

1AogE  NextGen - Wake Turbulence F&E 0 0 0 0 0 coordination only
- Re-categorization

A12.e NeXtG.e n - Weather Technology in the R,E&D o} o} o} o} o} coordination only
Cockpit

A1rh System Safety Management R,E&D 0 0 0 0 0 coordination only

A1rk Weather Program R,E&D 0 0 0 0 0 coordination only
William J. Hughes Technical Center o

A14.b Laboratory Facility R,E&D 3,777 3,740 3,772 3,839 3,931  100% of total program

Total ($000) 22,184 21,627 21,622 21,892 22,348
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MILESTONES

ROLES AND RESPONSIBILITIES HUMAN SYSTEM INTEGRATION
Define the changes in roles and Define human and system performance
responsibilities, between pilots and requirements for design and operation
controllers and between humans and of aircraft and ATC systems.
automation, required to implement
NextGen. 2010: Initiate research to identify equipment

\/ categories for legacy flight deck avionics

2011: Develop initial mid-term analysis describing to support human factors evaluations

the relationship between human pilots of use of these systems in NextGen
and controllers with associated automated flight procedures. (NextGen - Air
systems. (NextGen - Air Ground Integration Ground Integration Human Factors)
Human Factors; NextGen Air Traffic [COMPLETED]
Control/Technical Operations Human
Factors (Controller Efficiency and Air 2012: Initiate research to assess pilot
Ground Integration)) performance in normal and non-normal
NextGen procedures, including single
2011: Document ramp operational and safety pilot operations. (NextGen - Air Ground
techniques and how airport operators Integration Human Factors)
implement pavement maintenance programs.
(Airport Cooperative Research - Capacity) 2012: Develop human factors guidance for
Automatic Dependent Surveillance —
2012: Complete initial research to evaluate and Broadcast (ADS-B) enabled Cockpit
recommend procedures for negotiations Display of Traffic Information (CDTI)
and shared decision-making between pilots certification and operational approval.
and controllers. (NextGen - Air Ground (Flightdeck/Maintenance/System
Integration Human Factors; NextGen - Air Integration Human Factors)
Traffic Control/Technical Operations
Human Factors (Controller Efficiency and 2012: Provide human factors guidance for
Air Ground Integration)) the design of instrument procedures.
(Flightdeck/Maintenance/System
2016: Complete initial research to enable safe and Integration Human Factors)
effective changes to controller roles and
responsibilities for NextGen procedures. 2013: Complete research to identify human
(NextGen - Air Ground Integration Human factors issues and potential mitigation
Factors; NextGen - Air Traffic Control/ strategies for the use of legacy avionics
Technical Operations Human Factors in NextGen procedures. (NextGen - Air
(Controller Efficiency and Air Ground Ground Integration Human Factors)
Integration))

2016: Complete research to assess procedures,
training, display, and alerting requirements
to support development and evaluation
of planned and unplanned transitions
between NextGen and legacy airspace
procedures. (NextGen - Air Ground
Integration Human Factors)
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ERROR MANAGEMENT INTEGRATED DEMONSTRATIONS

Develop and apply error management Conduct incremental and full-mission
strategies, mitigate risk factors, and demonstrations to increase the
reduce automation-related errors. likelihood of successful implementation
(NextGen - Air Ground Integration of research results. (NextGen - Air
Human Factors; NextGen - Air Traffic Ground Integration Human Factors;
Control/Technical Operations Human William J. Hughes Technical Center
Factors (Controller Efficiency and Air Laboratory Facility; NextGen - Air
Ground Integration)) Traffic Control/Technical Operations
Human Factors (Controller Efficiency
2012: Complete research to develop methods to and Air Ground Integration))
mitigate mode errors in use of NextGen
equipment. 2017: Functional demonstration — demonstrate
integrated pilot and controller functional
2014: Develop initial guidance on training capabilities.

methods to support detection and
correction of human errors in near- to mid-
term NextGen procedures.

2016: Complete research to identify and manage
the risks posed by new and altered
human error modes in the use of NextGen
procedures and equipment.
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ProGRrEss IN FY 2010: HumaN-CENTERED DESIGN

The R&D Goal of Human-Centered Design supports the goal of increased safety in the Flight Plan. The R&D
Target is, by 2016, demonstrate that operations (e.g., day and night, all weather), procedures, and information
can be standard and predictable for users (e.g., pilots, controllers, airlines, passengers) at all types of airports
and for all aircraft.

Continued improvement of human-system integration is a priority due to the lightning speed of technological
advances. In 2006, the program updated the Human Factors Certification Job Aid with Part 25 Advisory
Circulars (ACs) and information on design of flight deck equipment, tasks and procedures, and testing
assumptions. The job aid helps the FAA and industry minimize the likelihood of design-induced human
performance errors. In addition, the program developed practical customized assessment tools to help FAA
certifiers and inspectors, system designers, and operators standardize and streamline evaluations of electronic
flight bags (EFBs). Research continued in 2007 with expansion of the Certification Job Aid to include Part 23
flight decks. With this research complete, the tool became available to the aviation community through the
Technology Transfer Program, and the program created a commercial website application to increase
distribution and use. Also in 2007, the program distributed findings on simulator platform motion and its
impact on pilot performance during specific maneuvers to the scientific community. In 2008, the program
completed research to support an update to aerospace industry recommended practices on electronic symbols,
used by industry to demonstrate means of compliance with FAA regulations. In 2009, researchers completed a
study addressing non-alert symbology for Airborne Separation Assurance Systems to assist RTCA SC-186 CDTI
Working Group in addressing non-concurrence in the preliminary Minimum Operational Performance
Standards (MOPS) document. In addition, countermeasures to crew multi-tasking were developed and the
Aviation Maintenance Safety Action Program Maintenance Program Development handbook was completed.

REsuLTs ACHIEVED IN 2010 INCLUDE:

Identifying Equipment Categories for Avionics in Preparation for Human Factors
Evaluations of NextGen:

The FAA initiated a study to identify requirements for participating in the NextGen environment and to
assess the existing fleet of U.S. air carrier aircraft and flight deck avionics to determine their capabilities in
light of NextGen requirements. Current avionic systems have performance capabilities that NextGen could
leverage using complex operational procedures, but system designers did not necessarily include provisions
for such complex procedures when designing the user interfaces for these systems. Present research focuses
on human performance concerns associated with use of existing Flight Management Systems (FMSs) and
associated flight deck displays in NextGen procedures to identify mitigations and implications for aircraft
certification. Data collection is complete and analysis is underway. A technical report addressing human
factors issues will follow. (NextGen - Air Ground Integration Human Factors)

Electronic Flight Bag Technologies and Interfaces:

Researchers helped the FAA address human factors issues related to EFBs and supported development of
EFB-related policies and guidance. The program conducted research to understand human factors issues
related to implementation and integration of EFBs in normal flight operations. Two draft checklists for use
during the review of EFB installations summarize the results. Researchers also published a technical report
that identifies EFB issues, provides guidelines for integration of EFBs in operations, and examines EFB
related safety reports from the public Aviation Safety Reporting System and the National Transportation
Safety Board (NTSB). (Flightdeck/Maintenance/System Integration Human Factors)
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Airport Map Displays:

Researchers are working to understand what additional guidance and approval criteria are needed to
establish minimum standards and best practices to support flight deck integration of surface moving
maps depicting ownship position. Several advanced functions are under consideration, including display
of surface traffic and alerts of potential runway incursions. Researchers conducted usability evaluations
of three surface moving map software applications and identified potential human factors concerns in
design. They provided technical support to an evaluation of the impact of a Surface Moving Map with
ownship position on a Class 2 or Class 3 EFB. They also recorded observations to identify areas that may
need human factors guidance to support development of MOPS for surface conflict detection and alerting.
(Flightdeck/Maintenance/System Integration Human Factors)

Proactive Audit Approach to Support Safety Management System in Airline
Maintenance and Ramp Operations (LOSA):

Researchers are proactively studying airline maintenance and ramp operations during normal situations

to develop Maintenance and Ramp Line Operations Safety Audit (LOSA) processes. LOSA is a formal

process where trained observers collect safety-related data on maintenance performance in a non-jeopardy
environment. Information obtained via LOSA provides the maintenance organization a diagnostic snapshot of
safety strengths and weaknesses. Proactive approaches, as opposed to post accident and event investigation,
align with the principles of risk management and Safety Management System (SMS). The research team
refined and finalized maintenance and ramp LOSA forms and procedures and assisted with creation of LOSA
training materials. The team also completed tests of the forms and training materials with the assistance of
industry personnel. The program will conduct a LOSA beta test with the Air Transport Association’s Human
Factors Committee and Alaska Airlines. (Flightdeck/Maintenance/System Integration Human Factors)

A Multi-Disciplinary Approach to Fatigue Risk Management in Aircraft Maintenance —
Near Term and NextGen Time Frame (Maintenance Fatigue):

Current maintenance fatigue management processes used by Transport Canada, Australian Civil Aviation
Safety Authority, European Aviation Safety Agency, and other regulatory organizations were analyzed and
best practices were selected and evaluated in a prototype Maintenance Fatigue Risk Management System
(RMS). The international best practices for fatigue risk management were documented in a technical report.
In addition to providing the framework for a U.S. RMS in maintenance fatigue, researchers developed
prototype versions of each of the fatigue management tools proposed in the prototype system. The program
will test the prototype systems against the fatigue research knowledge and the airline and maintenance
operations to ensure that the systems can effectively manage maintenance fatigue. The program has also
developed and distributed fatigue awareness materials, including a maintenance fatigue website, fatigue
survival toolbox, hangar posters, and a maintenance fatigue newsletter. (Flightdeck/Maintenance/System
Integration Human Factors)
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Synthetic Vision for Primary and Multifunction Flight Displays:

The objective of this project was to determine the potential effects on pilot performance of incorporating
synthetic vision system (SVS) features into primary-flight and/or multi-function displays. Researchers
conducted a literature survey to determine existing guidelines and standards for the design and use of
pictorial imaging displays, including SVS, enhanced vision system (EVS), and primary flight displays. The
survey also identified available data for both display design and human performance not captured in a
guideline or standard. The team conducted a literature, industry, and product review, and developed a
checklist summarizing human factors issues between SVS and EVS characteristics and pilot performance.
They identified a number of references, documents, and guidelines that had direct or indirect bearing on
human factors considerations involved in SVS, EVS, and primary flight displays. (Flightdeck/Maintenance/
System Integration Human Factors)

Automatic Dependent Surveillance - Broadcast:

This research supports the FAA in understanding human factors issues related to use of CDTI based on ADS-B
and other aircraft surveillance applications systems. At issue is the question whether symbols for CDTI should
be required to match symbols used for the Traffic Alert and Collision Avoidance System (TCAS) and whether
CDTI should use the same “symbol-fill” as TCAS to represent the proximity of the target in range and altitude.
Additional questions concern the value of the proximate status indication to pilots. Researchers examined

the proximate status indication by presenting pilots with dynamic traffic simulations with and without the
proximate status indication. Preliminary findings indicated that the proximate status indication did not
improve the consistency of pilot ratings of traffic threat level and did not improve the consistency of pilot
ratings of their ability to acquire the target visually. Additionally, results suggest that pilots use the proximate
status indication to prioritize their attention. Additional analyses are ongoing and will be presented to
stakeholders in FY 2011. The FAA will consider the results in development of an update to the CDTI Technical
Standard Order (TSO). (Flightdeck/Maintenance/System Integration Human Factors)

Training for Driving Privileges on Airport Airfields:

The ACRP — Capacity Program explored information on the requirements and training for driving
privileges on airport airfields, and the similarities and differences between requirements at various airports
throughout the country. The report examined information on the types of training programs available to
airport employees based on the employee’s driving authority and access privileges. There were 175 Runway
Incursions caused by vehicles in FY 2010. Each of these is a warning of a potential incident, collision with
an aircraft, and loss of life. Large airports have thousands of people with driving privileges on the airport.
Each of these individuals is required to have initial and annual recurrent driver training. The ACRP report
will make airports aware of new techniques for driver training such as low cost driver training simulators
that will improve the driver’s understanding of airport signs and markings based on his/her individual
airport layout. The driver training simulators will simulate low visibility conditions that are a causal factor
in many of the runway incursions. (ACRP)

While research is on track to meet meet the FY 2016 target, the integration of air and ground capabilities poses
challenges for pilots and the ANSP. Increased levels of automation and new enabling technologies that will
likely transform the NAS in the future will bring new human factors challenges. Interoperability with baseline
systems and refinement of procedures must accompany transitions of increasingly sophisticated automation
and procedures to ensure efficient operations and to mitigate potential automation surprises. As the NAS
moves toward a more automated system and roles and responsibilities change in a series of planned steps,
intent information as well as positive information on delegation of authority must be clear and unambiguous.

@ Chapter 2



A core human factors issue is ensuring the right human operators receive the right information at the right
time to make the right decisions. As NextGen advances, the environment will include an increased reliance on
collaborative and distributed decision-making. The system must provide information to participants (e.g.,
pilots, ANSP, and airline operation centers) in a fashion that facilitates a shared understanding of phenomena
(e.g., weather, wake). The system must integrate the format, content, timeliness, and presentation of that
information with other information provided to decision makers and automated decision support tools. This
changing environment requires a close examination of new types of human error modes to manage safety risk
in the human factors domain. The FAA must develop equipment design methods, training, and procedures to
decrease error likelihood and/or increase timely error detection (e.g., blunders on closely spaced parallel
approaches). To achieve NextGen safety and efficiency gains, changes in roles and responsibilities will occur
between pilots and ANSP and between both groups and the automation systems they use. The FAA must
understand and address issues such as mode confusion, transitions, and reversions to maintain appropriate
levels of situation awareness and workload.
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R&D GoaL 5

HUMAN
PROTECTION

A REDUCTION IN FATALITIES, INJURIES,
AND ADVERSE HEALTH IMPACTS DUE TO
AEROSPACE OPERATIONS




R&D TARGET

By 2016, demonstrate a two-thirds reduction in the rate of aerospace-related fatalities and significant injuries.”

METHOD OF VALIDATION

The approach includes preventing injuries during regular operations and protecting people in the event of a
crash. Validation of the supporting milestones will include demonstrations, analysis, modeling, simulations,
full-scale testing, and initial standards. Validation of the R&D target will include analysis of U.S. accident data.
Results from R&D Goal 6 - Safe Aerospace Vehicles will contribute to the interim and final measurements

of the reduction. The safety evaluation (under R&D Goal 9 - System Knowledge) will support the interim
assessment of progress and validation of the R&D target. The demonstration will show that the R&D is
sufficient to meet the targeted operational improvement.

FUNDING REQUIREMENTS - R&D GoaL 5

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

BLI Program Name Br}l}(}s:t 2012 2013 2014 2015 2016 Notes
All.c Advanced Materials/Structural Safety R,E&D 0 0 0 0 0 coordination only
A11j Aeromedical Research R,E&D 11,617 11,420 11,477 11,662 11,933  100% of total program

Aircraft Icing - Atmospheric Hazards/ o

A11.d Digital System Safety R,E&D 1,621 1,562 1,554 1,571 1,605  30% of total program
- Airport Cooperative Research - Safety AIP 2,500 2,500 2,500 2,500 2,500 50% of total program
- Airport Technology Research - Safety AIP 5,504 5,548 5,548 5,548 5,548  35% of total program
All.a Fire Research and Safety R,E&D 6,852 6,718 6,744 6,848 7,006  84% of total program
A11r.k Weather Program R,E&D 1,473 1,378 1,350 1,354 1,380 9% of total program

Total ($000) 29,567 29,126 29,171 29,482 29,972

* This R&D Target uses the same baseline as used in the 2009 Flight Plan.
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MILESTONES

SAFE EVACUATION

Prevent injuries or fatalities during
evacuations.

2012: Define composite fuselage fire safety design
criteria. (Fire Research and Safety)

2012: Develop aircraft rescue and fire-fighting
procedures and equipment standards
to address double-decked large aircraft.
(Airport Technology Research - Safety)

2015: Establish validation parameters for
mathematical models that can evaluate
whether aircraft type designs meet
requirements for evacuation and emergency
response capability, in lieu of actual tests.
(Aeromedical Research)

TURBULENCE

Prevent injuries and fatalities due to
turbulence. (Weather Program)

2012: Transition mountain-wave turbulence
forecast capability for implementation.

2015: Transition turbulence forecast capability for
all flight levels for implementation.

2016: Transition global turbulence forecast
capability for implementation.

2017: Transition convectively-induced turbulence
forecast capability for implementation.

HAZARDOUS WEATHER

Prevent injuries and fatalities due to
hazardous weather.

2014: Develop data and methods for guidance
material for the airworthiness acceptance
criteria and test methods for engines in
simulated high ice water content (HIWC)
environments. (Aircraft Icing — Atmospheric
Hazards/Digital System Safety)

OCCUPANT RESTRAINT

Improve occupant restraint systems to
reduce injuries and fatalities.

2014: Establish design criteria for restraint
systems that protect occupants at the highest
impact levels that the aircraft structure can
sustain. (Aeromedical Research; Advanced
Materials/Structural Safety)
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AIRPORTS

Prevent injuries and fatalities due to
aircraft overrun. (Airport Technology
Research - Safety)

2011: Complete evaluation of new airport runway
pavement groove shape to reduce risk of
overrun due to hydroplaning.

COMMERCIAL SPACE

Identify the requirements for safe
commercial space transportation
operations. (Commercial Space
Transportation Safety)

2008: Conduct a study to provide a basic
understanding of what is necessary in an
Informed Consent form for commercial space

CABIN AIR QUALITY flight participants. [COMPLETED]

HUMAN AEROMEDICAL SAFETY AND
HEALTH RISK MANAGEMENT

Reduce health risk to aircrew and
passengers due to cabin environmental

threats. (Aeromedical Research)

2010: Validate computational models of chemical
\/ air contaminants, such as volatile organic

compounds (VOCs), to evaluate health and
safety impacts on passengers and crew.
[COMPLETED]

2012: Accomplish experimental projects in
support of regulations, certification, and
operations for existing Aviation Rulemaking
Committees by providing data and guidance
for new or revised regulation of airliner
cabin environment standards.

2012: Develop and validate chemical kinetic
models for bleed air systems for health and
safety effects on passengers and crew.

2014: Develop and analyze methods to detect
and analyze aircraft cabin contamination
including chemical-biological hazards and
other airborne irritants.

2014: Apply and validate advanced air sensing
technology for VOCs in the aircraft cabin
environment.

2015: Develop bleed air contamination models of
engine compressors and high temperature
air system for effects on the health and safety
of passengers and crew.

Identify and manage human aeromedical
safety and health risks.

2012: Assess role of airports and airlines in the
spread of vector-borne diseases. (Airport
Cooperative Research - Safety)

2015: Incorporate aerospace medical issues in the
development of safety strategies concerning
pilot impairment, incapacitation, spatial
disorientation, and other aeromedical-
related factors that contribute to loss of
aircraft control. (Aeromedical Research)

2015: Develop advanced methods to extract
aeromedical information for prognostic
identification of human safety risks.
(Aeromedical Research)

2015: Develop a methodology to compile, classify,
and assess aviation-related injuries, the
mechanisms that resulted in these injuries
and their relationship to autopsy findings,
medical certification data, aircraft cabin
configurations, and biodynamic testing:
Aerospace Accident Injury and Autopsy Data
System. (Aeromedical Research)

2016: Apply and develop advances in gene
expression, toxicology, and bioinformatics
technology and methods to define
human response to aerospace stressors.
(Aeromedical Research)
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ProGrEss IN FY 2010: HumAN PROTECTION

Safety remains the highest priority of the Agency. The FAA Flight Plan has the primary goal to increase safety,
achieving the lowest possible accident rate and constantly improving safety with the objective to reduce by half
the rate of commerecial air carrier fatalities. This R&D Goal supports the human protection element of
increased safety with the R&D Target: by 2016, demonstrate a two-thirds reduction in the rate of aerospace-
related fatalities and significant injuries.

Since 2006, aeromedical research has produced strategies to protect pilots and passengers by conducting
medical data analysis, analyzing the effects of medications and other substances on pilots, identifying
biomarkers to assess environmental stressors (fatigue, alcohol, hypoxia), developing medical certification
criteria, assessing the injury potential of side-facing seats, improving airliner exit signs and passenger briefing
materials, and demonstrating evacuation models. Fire and airport safety research has delivered new materials,
testing procedures, and equipment that have lowered the incidence of on-board fires, mitigated the severity of
fires, and provided passengers and crew with precious time to escape the consequences of post-crash fires.

REsuLTs ACHIEVED IN 2010 INCLUDE:

Fast Fluid Dynamics Model:

The Airliner Cabin Environment Research (ACER) Program validated computational models of chemical air
contaminants, such as volatile organic compounds, used to evaluate health and safety impacts on passengers
and crew. Further study will examine the performance of these advanced models for different cabin airflow
conditions. (Aeromedical Research)

Aircraft Cabin Contaminants:

The program developed methods to detect and analyze aircraft cabin contaminants including chemical-
biological and other airborne hazards. Sampling resulted in positive detection of rhinovirus, influenza A and
influenza B, and corona virus. In addition, sampling and analysis found pathogens on aircraft, including
bacillus anthraces, pseudomalli, salmonella, E coli, klebsiella pnumoniae, acinetobacter baumannii,
clostridium botulinum (non-human types), mycobacterium tuberculosis, rickettsia, staphylococcus aureus,
and streptococcus pneumoniae. Researchers measured ozone and found it to be moderate to high on
domestic flights without ozone converters. They also found elevated ozone levels on transoceanic flights
equipped with ozone converters. This study helps to identify contaminants that could affect crew and
passenger health and safety and will help lead to mitigation strategies. (Aeromedical Research)
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Aviation Child Restraint Certification:

Development of Child Restraint Systems (CRSs) to meet the existing aviation performance standards,
TSO-C100b and Society of Automotive Engineers SAE-AS5276/1, has proven challenging. The existing

test requirements call for a combination of worst-case belt anchor location, belt tension, and seat cushion
properties and dimensions that were typical at the time of the original specifications. These parameters may
no longer be representative of the majority of current aircraft seats. Difficulties meeting the standards based
on this configuration may be inadvertently hindering the availability of CRSs with improved performance.
The FAA Civil Aerospace Medical Institute (CAMI) has evaluated the test parameters to determine if revision
of TSO-C100b could improve the relevancy of the tests while maintaining the same level of safety. The
parameters identified for potential revision were the lap belt anchor location, seat pan dimensions, and the
CRS installation procedure. The review of FMVSS-213 identified some requirements applicable to Aviation
Child Safety Devices (ACSDs) not addressed by TSO-C100b or SAE AS5276/1, and some addressed by those
standards but in a different way. Incorporating the applicable FMVSS-213 requirements cited in this review
into the aviation standards should provide the same safety benefits for ACSDs as intended for the automotive
CRSs for which the requirements were developed. Using applicable automotive requirements would also allow
ACSD users to benefit from the extensive research that went into the development of those requirements.
DOT report (in press) Aviation Child Safety Device Performance Standards Review by DeWeese R.L., et al.
(Aeromedical Research)

Performance of Evacuation Slides at Altitude:

A cooperative research program between CAMI and the aviation industry assessed the technical
specifications for emergency evacuation slides and life vests that require operational capability at airport
altitudes, ranging from 1,000 feet to 15,000 feet above sea level. The study’s findings confirmed the
regulatory language concerned with human safety. (Aeromedical Research)

Alcohol and Drug Use in Fatal Aviation Accidents:

The study assessed alcohol and drug use in fatal aviation accidents. Data was extracted from the FAA
forensic toxicology database for all pilots who died in an aviation accident from 2004 to 2008. The results
of this study allow investigators to examine trends and enhance strategies to improve aviation safety. DOT
report (in press) Substances Present in Civil Aviation Pilot Fatalities from Aviation Accidents During 2004-
2008 by Canfield D.V., et al. (Aeromedical Research)

INlumination of Aircraft at Altitude by Laser Beams:

The study examined the frequency of aviation-related laser incidents by altitude of occurrence. The study
analyzed 2,492 reported events during the period from 2004 to 2008. The results will aid the development of
educational materials and other risk management strategies. DOT report (in press) Illumination of Aircraft
at Altitude by Laser Beams: A 5-year Study Period (2004-2008) by Nakagawara V., et al. (Aeromedical
Research)

Medications: Postmortem Toxicological Findings:

The study analyzed the use of any medication reported by pilots during physical examinations in comparison
with postmortem toxicological findings. A total of 234 cases were considered, addressing fatalities occurring
during 2008. The results of this research will enhance accident investigation and medical certification
decision-making processes. Abstract Comparison between Pilot Medications Reported During their
Physical Exam and CAMI’s Postmortem Toxicological Findings by Flores, K., et al. (Aeromedical Research)
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Distribution of Oxycodone in Postmortem Fluids and Tissues:

A study conducted by CAMI scientists evaluated the distribution of oxycodone, a heavily used and abused
analgesic (painkiller) agent, in postmortem specimens collected from fatal aviation accidents. The study
developed improved solid-phase extraction and gas chromatography/mass spectrometry methods in support
of accident investigation efforts. DOT/FAA/AM-10/11, Distribution of Oxycodone in Postmortem Fluids
and Tissues by Botch S.R., et al. (Aeromedical Research)

Identification of Fatigue Biomarkers:

Researchers completed a study on the effects on gene expression due to 36 hours of sleep deprivation. This
research effort involved collaboration with the U.S. Air Force (Brooks Air Force Base). Results identified a
set of high-probability biomarkers for sleep deprivation that will support the development of Fatigue Risk
Management Systems. (Aeromedical Research)

Epoxy-Graphite Composite Aircraft:

New epoxy-graphite composite aircraft raise fire safety concerns related to hidden in-flight fire and
fuel tank flammability. Research developed a new flammability test method to ensure that a composite
fuselage does not present a greater risk than a conventional aluminum fuselage during a moderately
severe hidden in-flight fire in an inaccessible area of the cabin. The test confirmed the availability of
composite materials that prevent the spread of flames and lower the risk of uncontrollable in-flight fire.
(Fire Research and Safety)

Composite Wing Fuel Tanks:

Composite wing fuel tanks may have a greater tendency to absorb and trap heat from the sun than traditional
aluminum tanks, increasing the risk of fuel tank explosions, while aluminum wing fuel tanks cool down
significantly when an aircraft is airborne, causing flammable fuel vapors to condense. Research tested
aluminum and composite fuel tanks under identical heating conditions and found that the composite wing
tank reached much higher internal (ullage) air temperatures and fuel vapor concentrations than the aluminum
tank. Using a wind tunnel to simulate typical flight speeds, research found that both the aluminum and
composite wing tanks cooled down rapidly. Results showed a significant increase in flammability exposure of a
composite fuel tank compared to a traditional aluminum tank. The FAA will publish a report describing these
findings in early FY 2011. (Fire Research and Safety)

Results from research in aeromedical, fire, and airport safety form the basis of advisory circulars and other FAA
technical and regulatory documents, appear in various scientific publications, and support the conduct of aircraft
accident investigations. Aeromedical research focuses on far-term agency needs, particularly in the fields of
functional genomics and bioinformatics, both offering breakthrough technologies and practices essential to the
success of safety management systems that involve human operators and the predictive assessment of risk.
Far-term fire safety research focuses on development of environmentally friendly and ultra-fire resistant
materials and post-crash fire-fighting equipment and technologies. The combined outputs from the programs
supporting this goal are on track to reach the R&D Target by 2016. With increasing demands on pilots and crew
and rapid changes in aircraft size, material, and components, research in this area will become increasingly
important. The challenge is to sustain these research competencies for the far-term, maintaining our nation’s
world-class status and laboratory capabilities in aerospace medicine, fire safety, and airport technology.
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R&D TARGET

By 2016, demonstrate damage and fault tolerant vehicles and systems.

METHOD OF VALIDATION

The approach includes preventing accidents due to engine failures, structural failures, and system failures;
developing a fireproof cabin; integrating unmanned aircraft and commercial space vehicles into the NAS;

and addressing safety problems specific to general aviation (GA) aircraft. Validation of the R&D target will
include analysis, modeling, flight simulation, physical demonstration, prototypes, and initial standards. The
results from this goal will contribute to the R&D target to demonstrate a two-thirds reduction in fatalities and
significant injuries under R&D Goal 5 - Human Protection.

FUNDING REQUIREMENTS - R&D GoaL ©6

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

BLI Program Name Budget 2012 2013 2014 2015 2016 Notes

Type
All.c Advanced Materials/Structural Safety R,E&D 2,605 2,533 2,532 2,566 2,623 100% of total program

Aircraft Catastrophic Failure

0,
A11f Prevention Research R,E&D 1,502 1,438 1,425 1,439 1,470 100% of total program
Aircraft Icing - Atmospheric Hazards/ o
A11.d Digital System Safety R,E&D 3,783 3,645 3,625 3,666 3,746 70% of total program
All.e Continued Airworthiness R,E&D 12,085 11,599 11,514 11,629 11,879  96% of total program
Center for Advanced Aviation System 3% of R&D program
44094 Development (CAASD) F&E 684 677 677 677 677 in FY 2012
- (szg tryn ercial Space Transportation OPS 500 500 500 500 500 50% of total program
All.a Fire Research and Safety R,E&D 1,305 1,280 1,284 1,304 1,334 16% of total program

NextGen - Alternative Fuels for

0,
A11.m General Aviation R,E&D 2,071 1,984 1,968 1,987 2,030 100% of total program
A11b Propulsion and Fuel Systems R,E&D 3,611 3,474 3,452 3,489 3,565 100% of total program
A11l Unmanned Aircraft Systems Research R,E&D 3,504 3,373 3,353 3,390 3,463 100% of total program

Total ($000) 31,650 30,502 30,331 30,647 31,287
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MILESTONES

ENGINES

Prevent engine failures.
In-flight icing

2014: Develop data and methods for guidance
material for the airworthiness acceptance
criteria and test methods for engines in
simulated high ice water content (HIWC)
environments. (Aircraft Icing — Atmospheric
Hazards/Digital System Safety)

Engine and component structures

2014: Complete a certification tool” that will
predict the risk of failure of turbine engine
rotor disks that may contain undetected
material and manufacturing anomalies.
(Propulsion and Fuel Systems)

Uncontained engine failures

2013: Develop and verify a generalized damage
and failure model with regularization for
aluminum and titanium materials impacted
during engine failure events. (Aircraft
Catastrophic Failure Prevention Research)

*

Design Assessment of Reliability With INspection

(DARWIN®)

o

Chapter 2

STRUCTURES

Prevent accidents due to structural
failures or fire.

2010: Develop certification methods for damage
tolerance and fatigue of composite airframes.
(Advanced Materials/Structural Safety)
[COMPLETED]

2011: Provide comprehensive guidance on lithium
battery fire safety. (Fire Research and Safety)

2011: Apply damage-detection technologies for
inspecting remote and inaccessible areas
of in-service aircraft with metal structures.
(Continued Airworthiness)

2013: Establish required skills and develop
training materials for all second level
composite structures knowledge areas
(maintenance, inspection, structural
engineering, and manufacturing) for
operational safety. (Advanced Materials/
Structural Safety)

SYSTEMS

Prevent accidents due to system failures.
Avionics

2013: Identify safety issues and propose mitigation
approaches when software development
techniques and tools are used in airborne
systems. (Aircraft Icing — Atmospheric
Hazards/Digital System Safety)

Flight controls

2011: Complete the study in usage, design, and
training issues for rudder control systems in
transport aircraft.

(Continued Airworthiness)



UNMANNED AIRCRAFT

Integrate unmanned aircraft systems
(UASSs) into the civil airspace.
(Unmanned Aircraft Systems Research)

2012:

Determine a set of performance
characteristics and operational requirements
for sense and avoid (SAA) technologies.

2013: Analyze data and identify potential safety

2016:

implications of system performance
impediments of communications latency.

Conduct field evaluations of UAS technologies
in an operational environment, including
SAA, control and communications, and
contingency management technologies. The
documented results will be used to develop
certification and airworthiness standards.

GENERAL AVIATION

Reduce GA accidents.

2013:

2016:

Develop technical data on rotorcraft that
provide guidance for certification of Health
and Usage Monitoring Systems (HUMS) for
usage credits. (Continued Airworthiness)

Develop engine and fuel test methods to
evaluate the performance, safety, durability,
and operability of unleaded avgas. (NextGen
— Alternative Fuels for General Aviation)

COMMERCIAL SPACE

Identify the requirements for safe
commercial space transportation
vehicles. (Commercial Space
Transportation Safety)

2010:

v~

2011

2011

2011

Conduct a study to examine the operational
environment, determine the number of
sensors needed, define the data recovery
process, and provide black box survivability
criteria for use in developing requirements
for a black box system to be used in
commercial space transportation systems
(expendable launch vehicles and reusable
launch vehicles (RLV)). [COMPLETED]

Conduct a study to provide information

on the capability, limitations, and
considerations for global positioning system
(GPS) implementation in space launch and
reentry environments, such as Space and Air
Traffic Control, which will be used to help
determine requirements for GPS usage and
future technologies.

Conduct a study to identify means of
preventing hazards (such as fires and
explosions) involving nontraditional
monopropellants and oxidizers (specifically
hydrogen peroxide, H202, and nitrous
oxide, N20) used in propulsion systems in
commercial space applications

Conduct a study to provide guidance to the
FAA and industry on the use of operational
limitations and inspection requirements for
suborbital RLVs comprised of composite
materials. The results of this study will help
to develop effective rules for operations

and maintenance for use of composite
materials, as they apply to commercial space
transportation.
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PRrRoGRESs IN FY 2010: SAFE AEROSPACE VEHICLES

Safe aerospace vehicles are essential to reaching both the FAA Flight Plan objective to reduce in half the rate of
commercial air carrier fatalities and the JPDO NextGen goal of a two-thirds reduction in fatalities and
significant injuries by 2025. The R&D Target to demonstrate damage and fault tolerant vehicles and systems
by 2016 is appropriate for both plans.

Since 2006, FAA sponsored research has provided aircraft manufacturing, maintenance, and inspection sectors
with handbooks, tools, prototypes, and procedures that better enable them to comply with FAA regulations. At
the same time, the research has improved the knowledge base of FAA regulators regarding the use of new
materials (composites, non-halon fire suppressants), new procedures (flammability tests, bonded repairs,
guidance on aircraft icing, certification methods for damage tolerance and fatigue of composite airframes,
guidance on operation and maintenance of composite materials for suborbital RLVs), and new technologies
(unmanned aircraft systems).

REsuLTs ACHIEVED IN 2010 INCLUDE:

Certification Methods for Damage Tolerance and Fatigue of Composite Airframes:

The program developed a public body of knowledge based on experiences gained over decades of design and
operation of advanced composite structures. A working group was used to share information from the major
manufacturers of structures made from these materials. The group held workshops in America, Europe, and
Asia to gain insight from the experienced professionals in manufacturing, maintenance, and operations that
have dealt with these structures during their operational deployment. In addition to the shared information,
the research results from this program allowed updates of FAA AC 20-107 revision B and several standard
industry references, including Composite Handbook 17. (Advanced Materials/Structural Safety)

Fire Safety of Lithium Batteries:

Lithium batteries, including lithium primary, lithium ion, and lithium polymer, have characteristic

fire hazards and pose unique challenges related to their safe shipment in aircraft cargo compartments.
Research found that aircraft Halon 1301 systems could extinguish lithium-ion battery fires and resulted in

a recommendation that operators ship lithium ion batteries in Class C cargo compartments. More research
on fireproof containers with venting capability is required for lithium ion battery shipment in the main cargo
compartment of a freighter (Class E compartment), which is not required to have a halon system. Lithium
primary batteries are a greater fire threat because this type of battery in thermal runaway consists of a metal
fire, which halon or other common extinguishing agents cannot extinguish. Research found metal shipping
containers recommended by ICAO to be very ineffective because a buildup of pressure causes the lids to
deform and fail, ejecting the flammable burning batteries away from the container, which could ignite other
cargo. Research is investigating new approaches for safely shipping lithium primary batteries. The FAA
needs to conduct more research on lithium polymer batteries, which have far larger quantities of stored
energy in one unit as compared to the more common metal cylinder batteries. In 2010, the FAA issued

a Safety Alert for Operators that summarized research findings and warned operators of the dangers of
lithium battery fires and the actions that can minimize these risks. (Fire Research and Safety)
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Black Box for Commercial Space Transportation Systems:

A “black box” for space systems would provide key data to designers and operators after an anomaly

and help prevent a recurrence. Researchers analyzed current FAA aviation black box data collection,
operational, survivability and retrieval requirements and reviewed current flight data recorders used on the
NASA shuttles. Based on their extensive experience with launch vehicles, they then developed a list of data
parameters that would be critical in reconstructing damage or failures of space systems. Using these results,
they mapped the derived space systems black box requirements to analogs currently used for commercial
aviation. They found that it is possible that current aviation black boxes can be used for first generation
commercial space transport systems (specifically RLVs with low maximum velocities and brief times in
space) with relatively little modification. Results were presented in the paper “Black Box” for Reusable
Launch Vehicles - Considerations and Potential Flight Test Opportunities, at the International Association
for the Advancement of Space Safety Conference in May 2010. (Commercial Space Transportation Safety)

Engine Containment Analysis:

In 2010, the program developed a new material model for the LS-DYNA explicit finite element code used for
modeling engine fragment impact in aircraft. The model will allow FAA engineers to validate proprietary
tools, streamline the certification process, and help mitigate fatalities and injuries when these events

occur. It is more accurate at predicting different failure modes than existing models, and the FAA/NASA/
Industry LS-DYNA Aerospace Quality Control Working Group that models engine impact and failure events
supports the model. In collaboration with NASA, George Washington University, Ohio State University,
and the LSDYNA Aerospace Users Group, the program completed development of a failure material model
for aluminum 2024 based on plastic flow stress theory. This new model takes advantage of the exponential
growth of computing capabilities and leverages inexpensive computer memory by programming actual
failure data for various tests. Researchers tested the model and generated the original failure surface.

The model is the first to predict multiple failure modes without retuning to the new failure condition.
Development and validation of the model, with regularization for aluminum and titanium, is on track for
completion in 2013. (Aircraft Catastrophic Failure Prevention Research)

Turbine Engine Rotor-burst Mitigation:

Uncontained engine failure events release high-energy fragments that can impact and disable critical
systems and reduce the airworthiness of the vehicle. When multiple systems are disabled, the potential for
an accident increases. System redundancy, separation, and thoughtful component location in the design of
an aircraft can make significant improvement in the ability to survive one of these high-energy events. The
Aircraft Catastrophic Failure Prevention Program collaborates with Naval Air Warfare Center, China Lake
to support the industry by developing a multiple-engine fragment analysis process to minimize this threat.
The Uncontained Engine Debris Damage Model (UEDDAM) uses existing military threat analysis tools and
supports the certification process with tailored output, matching the certification package requirements

in AC20-128. The UEDDAM code has been improved several times though this development based on
industry feedback. In 2010, a major revision to UEDDAM was completed (Version 4.0) that allows the use
of modular military codes that make UEDDAM compatible with future military code revisions. (Aircraft
Catastrophic Failure Prevention Research)
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New Developments in Turbine Engine Component Risk Assessment Software:

Over the past few decades, a number of uncontained aircraft engine failures have been traced to rare
material anomalies in the rotating components of aircraft gas turbine engines. Since the occurrence
rates are relatively small, a probabilistic approach is used to assess the risk of fracture including the
potential risk reduction associated with non-destructive inspections. The associated risk of fracture can
be predicted using DARWIN®), a probabilistic fracture mechanics software code developed by Southwest
Research Institute under FAA R&D funding. A new capability for automatic generation of life contours
was developed in DARWIN 7.1 for application to two-dimensional finite element models. When the user
executes this option, an anomaly of one or more user-specified sizes is automatically placed at each of the
nodes in the finite element model. The automatic geometry model process generates a fracture model at
each anomaly location, and then the fatigue crack growth lifetime to failure is computed for each model.
(Propulsion and Fuel Systems)

Metallic Materials Properties Development and Standardization (MMPDS):

The Metallic Materials Properties Development and Standardization (MMPDS) is an effort led by the

FAA to continue the Handbook process entitled “Metallic Materials and Elements for Aerospace Vehicle
Structures,” (MIL-HDBK-5). The Handbook is recognized worldwide as the most reliable source for
verified design allowables needed for metallic materials, fasteners, and joints used in the design and
maintenance of aircraft and space vehicles. Consistent and reliable methods are used to collect, analyze,
and present statistically-based aircraft and aerospace material and fastener properties. Towards this goal,
the commerecial version of the MMPDS-05 was released April 2010. (Continued Airworthiness)

UAS Technology Survey:

Research providers completed a UAS technology survey that encompassed several key technical areas:
regulatory study; propulsion technology; SAA technology; command, control, and communication issues;
and emergency recovery and flight termination. Each area of study included a technology status and
regulatory gap analysis. Draft reports are complete and are in the publication process. (Unmanned
Aircraft Systems Research)

The R&D Target to demonstrate damage and fault tolerant vehicles and systems by 2016 has already compelled
researchers to push the boundaries of maintenance and inspection technologies for both metallic and
composite structures and to develop new fire resistant materials and agents. Yet significant challenges remain
as researchers explore prognostic and structural health monitoring systems, advancements in non-destructive
inspection techniques on critical engine parts, risk assessment and risk management for small airplanes, and
threats to composite aircraft structures while at the service gate and on the flight line. Introduction of UAS and
commercial space vehicles into the NAS has generated two new areas of focus. One is airworthiness and
operational standards for UAS. The other is effective rules for operation and maintenance of composite
materials and nontraditional propellants for commercial space transportation. The key to success is
collaboration with industry, academia, and other government agencies. The combined outputs from the
programs supporting this goal are on track to reach the R&D Target by 2016.
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R&D TARGET

By 2016, develop initial standards and procedures for self-separation.

METHOD OF VALIDATION

The approach includes conducting research and development to support the standards, procedures, training,
and policy required to implement the NextGen operational improvements leading to self-separation. This
goal does not develop technology but prepares for the operational use of the technology. Validation of

the R&D target will include demonstrating that the research and development is sufficient for the initial
policy and standards that are required to certify technology, procedures, and training needed to implement
self-separation.

FUNDING REQUIREMENTS

R&D GoaL 7

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero

BLI

2016 Notes

A11.i

Allg

A12.a

Ai12.d

1A08E

coordination only

coordination only

coordination only

100% of total program

coordination only

Budget
Program Name Type
Air Traffic Control/Technical
Operations Human Factors R,E&D
Flightdeck/Maintenance/System
. R,E&D
Integration Human Factors
Joint Planning and Development R.E&D
Office
NextGen - Self-Separation Human R.E&D
Factors
NextGen - Wake Turbulence
- F&E
- Re-categorization
Total ($000)
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MILESTONES

SURFACE/RUNWAY OPERATIONS REDUCED SEPARATION

AWARENESS

Support procedures, equipage,
training, and design to enable
enhanced aircraft spacing for
surface movements. (NextGen - Self-
Separation Human Factors)

2012: Complete initial research to evaluate and
recommend minimum display standards
for use of enhanced and synthetic vision
systems, as well as airport markings and
signage, to conduct surface movements
across a range of visibility conditions.

2014: Evaluate and recommend minimum display
standards and operational procedures for
use of CDTI to support pilot awareness of
potential ground conflicts and to support
transition between taxi, takeoff, departure
and arrival phases of flight.

2016: Complete research to enable enhanced
aircraft spacing for surface movements in
low-visibility conditions guided by enhanced
and synthetic vision systems, as well as
cockpit displays of aircraft and ground
vehicles and associated procedures.
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Support procedures, equipage,
training, and design to enable reduced
separation. (NextGen - Self-Separation
Human Factors)

2011: Complete initial research to evaluate the
impact and potential risks associated with
use of TCAS in NextGen procedures.

2014: Complete research to identify likely human
error modes and recommend mitigation
strategies in closely spaced arrival/
departure routings.

2015: Complete research and provide human
factors guidance to reduce arrival and
departure spacing including variable
separation in a mixed equipage environment.

DELEGATED SEPARATION

Support procedures, equipage, training,
and cockpit design to enable delegated
separation. (NextGen - Self-Separation
Human Factors)

2011: Complete initial research to evaluate and
recommend procedures, equipage, and
training to safely conduct oceanic and en
route pair-wise delegated separation.

2015: Enable reduced and delegated separation in
oceanic airspace and en route corridors.



PRoGRESs IN FY 2010: SEPARATION ASSURANCE

This R&D Goal and R&D Target support NextGen operational improvements (OIs) while maintaining the safety
and capacity goals of the Flight Plan. The R&D Target is to develop initial standards and procedures for self-
separation by 2016.

The NextGen — Self-Separation Human Factors Program develops human factors scientific and technical
information to implement NextGen capabilities, addressing human performance and coordination among
pilots and ANSP, human system integration, and error management strategies. The research supports Aviation
Safety (AVS) specialists who establish the standards and policies for NextGen operations, certify compliance
with those standards, and assure continued operational safety once the adoption of new aircraft technologies
generates procedure changes for flight crew and controllers. The research also supports NextGen OIs leading
to reduced and delegated self-separation, including ADS-B enabled applications (Oceanic in-Trail Procedures
(OTP), Interval Management (IM), and Closely Spaced Parallel Operations (CSPO)) and Equivalent Visual
Operations (EVO), among others.

The NextGen — Self-Separation Human Factors Program, initiated in FY 2009, has defined more than two
dozen research projects to support its objective, and research is scheduled to produce detailed R&D plans by
the second quarter of FY 2011. These R&D plans outline the human factors efforts required for successful
implementation of NextGen OlIs for specific reduced and delegated separation applications. Key planned
products include descriptions of research and operational experience for each of the application areas,
technical information in specialized topic areas such as flight crew training for advanced NextGen flight deck
automation, and identification of human factors challenges posed by the current implementation of the
Navigation Reference System, a precursor system enabling trajectory operations under NextGen.

ANTICIPATED OUTPUTS INCLUDE!:

« Defining the potential impact and human factors issues due to new technologies such as enhanced
vision, synthetic vision, and EFBs on separation activities

« Defining human factors technical information needed to support the development of standards,
procedures, and training by FAA Flight Standards to implement plans for reduced aircraft separation
and recovery to classic air traffic operations due to abnormal events

+ Developing procedures and training needed to implement new roles and responsibilities for pilots and
controllers during delegated separation operations

« Defining human and system performance requirements for separation activities, e.g., spacing, merging,
and passing

« Developing and applying error management strategies and risk mitigation factors to reduce
automation-related errors associated with enhanced separation operations

« Developing human factors criteria for the successful use of flight deck performance monitoring and
decision support tools as they relate to enhanced separation maneuvers such as spacing, merging, and
passing; and determining how conformance alerts are communicated and resolved between flight deck
and ground monitors, for example in TBO, and in RNAV/RNP approach and departure operations

While human factors research in the important area of self-separation is still in its challenging early stages, all
projects are on a firm track toward meeting the 2016 R&D Target. Understanding the impact of new technologies
on human performance and the need to develop error management strategies and associated training is on
schedule. Efforts to produce detailed research plans for the ADS-B enabled applications mentioned earlier (OTP,
IM, CSPO) are also on schedule. Researchers will execute the plans to produce human factors technical data that
will allow the FAA to implement the NextGen Ols, enabling reduced and delegated self-separation applications.
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R&D TARGET

By 2016, demonstrate common, real-time awareness of ongoing air operations, events, crises, and weather in
all phases of flight and at all types of airports by pilots and controllers.

METHOD OF VALIDATION

The approach includes supporting development of standards and procedures for weather-in-the-cockpit
to provide the flight crew awareness of weather conditions and forecasts; demonstrating wake turbulence
procedures and technologies to support self-separation; and improving situational awareness at airports.
Validation of the R&D target will include pilot-in-the-loop simulations, modeling, tests, physical
demonstrations, and development of initial standards and procedures.

FUNDING REQUIREMENTS - R&D GoaL 8

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.

Budget

BLI Program Name Type 2012 2013 2014 2015 2016 Notes
- Airport Cooperative Research - Safety AIP o) o) o) o) o) coordination only
- Airport Technology Research - Safety AIP 10,221 10,303 10,303 10,303 10,303 65% of total program
A1 Air Traf fic Control/Technical R,E&D 0 0 0 0 0 coordination only
Operations Human Factors
Center for Advanced Aviation System 16% of R&D program
4A00A Development (CAASD) F&E 3,646 3,610 3,610 3,610 3,610 in FY 2012
A11g thhtde; k/Maintenance/System R,E&D o) o) o) o) o) coordination only
Integration Human Factors
A12.a Joint Planning and Development R,E&D 0 0 0 0 0 coordination only
Office
1Ao01D NAS Weather Requirements F&E 1,000 1,000 1,000 1,000 1,000  100% of total program
1A08H E\;?z%()}en - Staffed NextGen Towers F&E 6,000 2,000 2,000 6,000 6,000 100% of total program
A12.e ggﬁf{gﬁn - Weather Technology in the R,E&D 9,186 8,845 8,795 8,801 9,084  100% of total program
1A01A Runway Incursion Reduction F&E 5,000 5,000 5,000 5,000 5,000  100% of total program
A1k Weather Program R,E&D 13,256 12,402 12,146 12,186 12,424  81% of total program

Total ($000) 48,309 43,159 42,853 46,990 47,420
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WEATHER SITUATIONAL AWARENESS

Develop common situational awareness
for weather.

Weather Information Improvements
(Weather Program)

2010:

Develop CONUS ceiling, visibility, and flight

\/ category forecast capability. [COMPLETED]

2012:

2013:

2014:

2016:

Demonstrate 1-3 hour CONUS ceiling,
visibility, and flight category forecast
capability.

Transition in-flight icing Alaska forecast for
implementation.

Demonstrate 1-12 hour CONUS ceiling,
visibility, and flight category forecast
capability.

Transition 1-12 hour CONUS ceiling,
visibility, and flight category forecast
capability for implementation.

Chapter 2

Weather Technology in the Cockpit
(WTIC)" (NextGen - Weather Technology
in the Cockpit)

2010:

v~

2011

2011

2012:
2013:

2014:
2014:

2015:

Assess bandwidth demand of graphical
icing products (Current Icing Product and
Forecast Icing Product) and graphical
turbulence products (Graphical Turbulence
Guidance) for potential delivery via existing
and planned FAA data link services.
[COMPLETED]

Develop NextGen mid-term concepts of
operation and user requirements for the
provision, integration, and use of weather
information in the cockpit.

Identify, validate, and document datalink
system attributes that may affect use of
weather in the cockpit.

Simulate and evaluate available cockpit
weather technologies.

Develop prototype weather modules for
flight deck.

Simulate, test, and evaluate cockpit use of
weather decision support tools, including
probabilistic forecasts.

Simulate, test, and evaluate fully-integrated
cockpit use of NextGen operational concepts,
including WTIC.

Demonstrate the integration of navigation
information and flight information,
including weather information, into cockpit
decision-making and shared situational
awareness among pilots, dispatchers, and air
traffic controllers supported by NextGen air
and ground capabilities.

* WTIC enables pilots and aircrews to engage in shared
situational awareness and shared responsibilities with controllers,
dispatchers, Flight Service Station (FSS) specialists, and others,
pertaining to safe and efficient preflight, en route, and post-flight
aviation safety decisions involving weather.



AIRPORTS

Ensure safe airport operations.

2010: Develop system enhancements for runway

\/ status lights. (Runway Incursion Reduction)
[COMPLETED]

2010: Develop advisory material to install
\/ new visual guidance systems. (Airport
Technology Research - Safety)

[COMPLETED]

2011: Develop performance standards for avian
radar use on airports. (Airport Technology
Research- Safety)

2012: Develop guidance material for airport
planning to ensure consistency from the
operator’s perspective from airport to
airport. (Airport Technology Research
- Safety)

COMMERCIAL SPACE

Develop situational awareness for
commercial space transportation.
(Commercial Space Transportation
Safety)

2009: Conduct a study to determine the need to
develop a temporal wind database to support
the launch of wind-weighted, unguided,
suborbital rockets launched from nonfederal
launch sites. [COMPLETED]

20009: Review integrated operations of reusable
launch vehicles (RLV) from spaceports,
joint use airport and spaceports, as well as
the airspace surrounding those facilities
and provide recommendations on how to
safely integrate and conduct routine RLV
operations. [COMPLETED]

2009: Conduct a study to survey the existing
/ technologies available for determining wind
conditions from the upper troposphere to
the stratosphere. The study will address
possible modifications of radar wind
profiler to obtain winds to greater altitudes
than currently available. [COMPLETED]
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PRrRoGRESs IN FY 2010: SiTtuaTioNAL AWARENESS

Situational Awareness supports the FAA Flight Plan goals for increased safety and greater capacity and
NextGen by having the R&D Target of demonstrating, by 2016, common, real-time awareness of ongoing air
operations, events, crises, and weather in all phases of flight and at all types of airports by pilots and
controllers. Programs in airports, weather, and runway incursion reduction support this goal.

We continue to progress toward improved situational awareness. With the advent of ADS-B, the flight deck and
the controller will have the same information and view as the pilot. As equipage comes on line, imagine a sky
where everyone has the same situational awareness. In 2005, the R&D program conducted successful Runway
Status Lights (RWSL) operational evaluations at Dallas-Fort Worth Airport and, today, continues to refine and
demonstrate the system at other airports. Airport technology research has helped set new design and installation
guidance for airport visual aids, and future FAA-developed procedures for lighting systems will rely on the these
new standards. Improved technology and procedures also help to maintain operational activities during periods
of low-visibility and inclement weather in the airport vicinity. Weather forecasting remains a high priority for the
agency as bad weather in one location has the potential to impact the entire system. Research continues to
advance icing and turbulence forecasting to bring weather information into the cockpit.

REsuLTs ACHIEVED IN 2010 INCLUDE:

National Ceiling and Visibility Forecast:

The most deadly of GA encounters results from inadvertent flight into Instrument Meteorological Conditions
(IMC) by a Visual Flight Rules pilot, or a poorly prepared Instrument Flight Rules pilot, causing the most
common type of weather accident. There were 21 Visual Meteorological Conditions-into-IMC accidents in
2008, of which 18 (86 percent) were fatal. Current Ceiling and Visibility work focuses on development of

a probabilistic 1-10 hour forecast, updated hourly, with ceiling, visibility, and flight category known as the
National Ceiling and Visibility Forecast (NCVf). In FY 2010, researchers developed a prototype NCVf system
for evaluation in early FY 2011. This prototype will produce a 10-hour forecast for the Northeast CONUS.
(Weather Program)

Weather Technology in the Cockpit (WTIC):

The program studied the feasibility of providing turbulence and icing data products directly to the cockpits
of Parts 121, 135, and 91 civil aviation operators. The focus of the effort was specifically on bandwidth
requirements and the suitability of communication systems currently fielded or planned to provide this
data. The report detailed the initial findings of the study. The first phase of the effort investigated both the
bandwidth available to weather services and the bandwidth required to provide those services. Researchers
used a regional simulation methodology, modeling three regions of primary interest: the New York—
Washington corridor, the Rocky Mountains, and Polar/Alaska. The study focused on four communications
networks in common use (or planned for common use): ADS-B, VHF Digital Link Mode 2, Inmarsat, and
Iridium. The first phase of this study has shown that providing in-flight turbulence and icing data is feasible
with today’s communications technology. (NextGen — Weather Technology in the Cockpit)

Guidebook for Wildlife Hazards in Airport Environment:

The ACRP — Safety Program developed a guidebook that managers of GA airports can use to identify,
understand, and mitigate wildlife hazards to aircraft in the airport environs. This guidebook provides a
primer for addressing wildlife hazards but does not fulfill Part 139 certification requirements regarding
wildlife. A brief reference guide and outreach materials for aircraft/wildlife hazards at GA airports
accompany the guidebook. (ACRP)
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Advisory Circulars for Visual Guidance for Pilots:

The program completed recommendations for incorporation an AC for visual guidance cues such as runway
end lighting enhancements, improved spacing of in-pavement lighting fixtures on curves and improvements
in airport paint marking materials to provide pilots improved cues for situational awareness. (Airport
Technology Research - Safety)

Runway Status Lights:

System enhancements were complete as of March 5, 2010. The lights used (Runway Intersection Lights
(RIL), Takeoff and Hold Lights (THL), and Runway Entrance Lights (REL)) consist of a series of in-
pavement red lights to warn pilots when it is unsafe to enter or cross a runway (REL), unsafe to take-off
(THL), or unsafe to enter or cross a runway intersection (RIL). Boston is the first airport to use RIL in a
prototype operational evaluation. Operational evaluation of RIL along with REL and THL started in July
and will continue for three months. If the operational evaluation is successful during this timeframe, Boston
Air Traffic may continue the operational evaluation until the future production RWSL system replaces them.
(Runway Incursion Reduction)

Situational awareness research is producing results. Studies have shown that RWSL provides optimal defense
against 65 percent of the high-hazard runway conflicts without adversely affecting runway capacity or
controller workload. Additionally, initial field evaluations showed a 70 percent reduction in runway incursions
on a runway equipped with RWSL. Today, periodic updates to icing and turbulence data for the entire CONUS
provide significant detail for aircraft in-flight to leverage for assistance in en route re-planning. However, the
data formats are very large, and the bandwidth required to transmit them exceeds even the fastest links under
study. A key challenge for the future is how to condense weather data for live transmission to the cockpit. This
would ensure all aircraft receive required updates in a timely and efficient manner to support pilot decision-
making during adverse weather. Future studies for the NextGen-WTIC Program will add detail to existing
models and review aircraft equipage architectures and reception hardware to support condensing weather data
products. The program plans to validate simulation results using real hardware, define a set of system
requirements, and provide a system design that includes infrastructure architecture, data-types, and software
services. By 2015, Weather Program research will include development of a forecast and nowcast capability for
Alaska and extend the NCVf out to 30 hours. These capabilities will provide a common real-time situational
awareness by air traffic management, pilots, and dispatch, enhancing NAS safety as well as capacity. However,
meeting the operational needs in the air will also require that activities occurring inside the airport terminal are
streamlined for maximum efficiency. Current research into airport passenger movement and decision-making
will help to reduce wait times and improve not only operational schedules, but also the passenger’s travel
experience. The combined outputs from the programs supporting this goal are on track to reach the R&D
Target by 2016.
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R&D TARGET

By 2016, understand economic (including implementation) and operational impact of system alternatives.

METHOD OF VALIDATION

The approach includes developing the information analysis and sharing system to support FAA and

NextGen safety initiatives; generating guidelines to help stakeholders develop their own safety management
systems; and modeling activities to help measure progress toward achieving safety, capacity, efficiency,

and environmental goals. Validation of the R&D target will include analysis, modeling, prototypes, and
demonstrations using safety, capacity, efficiency, and environmental metrics. The evaluation efforts under this
goal support the interim assessment of progress and validation of the R&D targets under the following: R&D
Goal 1 - Fast, Flexible, and Efficient, R&D Goal 2 - Clean and Quiet, and R&D Goal 5 - Human Protection.

FUNDING REQUIREMENTS - R&D GoaL 9

The funding levels listed for years 2013 to 2016 are estimates and subject to change. Programs with zero
funding listed support this goal with FAA staff resources only.
Budget

BLI Program Name Type 2012 2013 2014 2015 2016 Notes

A11]j Aeromedical Research R,E&D 0 0 0 0 0 coordination only
Airport Cooperative Research o
- Capacity ATP 1,650 1,650 1,650 1,650 1,650  33% of total program

- Airport Cooperative Research - Safety AIP 2,500 2,500 2,500 2,500 2,500 50% of total program

1Ao1E Airspace Management Program F&E 3,000 5,000 5,000 5,000 5,000  100% of total program
Center for Advanced Aviation System 8% of R&D program

4A09A Development (CAASD) F&E 1,823 1,805 1,805 1,805 1,805 in FY 2012

- Commercial Space Transportation OPS 500 500 500 500 500 50% of total program
Safety

All.e Continued Airworthiness R,E&D 504 483 480 485 495 4% of total program

A12.a ‘gg;lcteplannmg and Development R,E&D 4,220 4,097 4,091 4,144 4,235  30% of total program

1A08F NextGen - Operational Assessments F&E 10,000 8,000 8,000 8,000 8,000 100% of total program
NextGen - Operations Concept o

1A08C Validation - Validation Modeling F&E 10,000 5,000 5,000 5,000 5,000  100% of total program

1A08G NextGen - S)fstem Safety Management F&E 18,000 8,000 8,000 8,000 8,000 100% of total program
Transformation

1A01C Operations Concept Validation F&E 4,000 4,000 4,000 4,000 4,000  100% of total program

1A01B System Capacity, Planning and F&E 6,000 6,000 6,000 6,000 6,000  100% of total program
Improvement

A11h System Safety Management RE&D 10,027 9,581 9,489 9,574 9,776  100% of total program

Total ($000) 72,223 56,616 56,515 56,657 56,961
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CAPACITY AND EFFICIENCY
EVALUATION

MILESTONES

INFORMATION ANALYSIS AND
SHARING

Develop methods, metrics, and models to

Develop an information management
system to serve as the foundation

for the analysis of data trends and

the identification of potential safety
hazards before accidents occur.
(NextGen - System Safety Management
Transformation)

2009: Evaluate current information protection and
assurance models and evaluate potential
conflicts with privacy and consumer
advocacy groups. [COMPLETED]

2012: Validate the Net Enabled Operations
(NEO) Architecture proof-of-concept for
the sharing of aviation safety information
among JPDO member agencies,
participants, and stakeholders.

2013: Complete the Aviation Safety Information
Analysis and Sharing (ASIAS) pre-
implementation activities, including concept
definition, with other JPDO member
agencies, participants, and stakeholders.

Develop a system to increase safety of
commercial operations. (System Safety
Management)

2011: Develop automated tools to monitor
databases for potential safety issues.

2012: Demonstrate a working prototype of
network-based integration of information
extracted from diverse, distributed sources.

demonstrate that the modernized system
can handle anticipated growth in traffic
demand according to the Terminal Area
Forecasts™ for incremental years leading
to the far-term NextGen. This evaluation
will compare the modernized system
with the current system using capacity
and efficiency metrics.’

2008: Demonstrate capacity increase to 130%
of baseline levels®. (Operations Concept
Validation; System Capacity, Planning and
Improvement) [COMPLETED]

2011: Demonstrate an increase in capacity and
efficiency at 2018 forecasted traffic levels.
(Operations Concept Validation; NextGen -
Operations Concept Validation - Validation
Modeling; System Capacity, Planning and
Improvement)

2011: Develop a guidebook for airport operators
and air cargo industry stakeholders that
provides tools and techniques for measuring
economic impacts of air cargo activities
at the national, regional, and local level.
(Airport Cooperative Research - Capacity)

2013: Demonstrate an increase in capacity and
efficiency at 2021 forecasted traffic levels.
(Operations Concept Validation; NextGen -
Operations Concept Validation - Validation
Modeling; System Capacity, Planning and
Improvement)

2016: Demonstrate an increase in capacity and
efficiency at 2025 forecasted traffic levels.
(Operations Concept Validation; NextGen -
Operations Concept Validation - Validation
Modeling; System Capacity, Planning and
Improvement)

* Federal Aviation Administration Terminal Area Forecast Summary Fiscal Years 2009-2030, March 2010. http://www.faa.gov/
data_research/aviation/aerospace_forecasts/2010-2030/

t This supports demonstration of the R&D target under R&D Goal 1 - Fast, Flexible, and Efficient.

* The year 2004 was chosen as a baseline for consistency with the Vision 100 — Century of Aviation Reauthorization Act (P.L. 108-176)
and the Next Generation Air Transportation System Integrated Plan submitted to Congress as required in that legislation.
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SAFETY MANAGEMENT SYSTEM

Produce guidelines for developing
processes and technologies to implement
a safety management system.

2011: Complete study of risk-based fleet manage-
ment for small-airplane continued operational
safety. (Continued Airworthiness)

Develop proof of concept for NextGen
including a prototype to implement on

a trial basis with selected participants
that involve a cross-section of air service
providers. (NextGen - System Safety
Management Transformation)

2011:

Develop and validate a software tool to
quantify risk and support engineering
decision-making related to runway safety
area requirements. (Airport Cooperative
Research - Safety)

2011:

2012: Develop risk management concepts, models,
and tools for transport category airplanes.

(System Safety Management)

Demonstrate a National Level System Safety
Assessment capability that will proactively
identify emerging risk across NextGen.
(NextGen - System Safety Management
Transformation)

2014:

COMMERCIAL SPACE

Develop understanding of commercial
space transportation system operations.
(Commercial Space Transportation Safety)

2010: Conduct a study with current information
related to the state of the commercial
suborbital transportation industry
with a focus on market demand, safety,
operability, and international coordination.
[COMPLETED]

Conduct a study to evaluate the adequacy

of current rules and polices related to
commercial space transportation, implement
new rules, policy, and advisory materials,
and identify barriers to industry caused by
unnecessary or conflicting regulations.

2011:

2011: Release Commercial Space Transportation
Research Road Map document, v1.0.

SAFETY EVALUATIONS

Develop methods and metrics to measure
progress in reducing the rate of fatalities
and significant injuries by two-thirds.’
(System Safety Management)

2010: Demonstrate a one-third reduction in the rate
\/ of fatalities and injuries. [COMPLETED]

2012: Demonstrate a one-half reduction in the rate
of fatalities and injuries.

2016: Demonstrate a two-thirds reduction in the
rate of fatalities and injuries.”

ENVIRONMENTAL ASSESSMENT

Develop methods, metrics, and models to
demonstrate that significant aviation noise
and emissions impacts can be reduced in
absolute terms to enable the air traffic
system to handle growth in demand up

to three times current levels.” (NextGen -
Operational Assessments)

2009: Develop and implement NAS-wide regional
environmental analysis capability within
AEDT. [COMPLETEDJ*

2010: Implement weather effects in AEDT
\/ environmental analyses. [COMPLETED]

2012: Develop and implement NAS-wide cost-benefit
environmental analysis capability with APMT.

2013: Explore options to integrate environmental
assessment capability with NextGen NAS models.

2016: Employ AEDT and APMT for NAS-wide
environmental analyses.

§ For these milestones, demonstrate means to show that the
methods and metrics developed are valid and that, with the system
improvements planned, it is possible to reduce the rate of fatalities
and injuries by the stated amounts.

9 This supports demonstration of the R&D target under R&D Goal
5 - Human Protection.

** These milestones have set targets that are purposely more aggressive
than those in the Flight Plan, as R&D goals should be stretch goals.

t1T  This supports demonstration of the R&D target under R&D Goal
2 - Clean and Quiet as it relates to the R&D target under R&D Goal

1 - Fast, Flexible, and Efficient.

++ This 2009 milestone was funded by NextGen - Environment and
Energy - Validation Modeling; starting in FY 2010, the remaining
milestones will be funded by NextGen - Operational Assessments.
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PRrRoGRESs IN FY 2010: SystEM KNOWLEDGE

The R&D Target for System Knowledge is to understand the economic (including implementation) and
operational impact of system alternatives by 2016. System Knowledge is important to the FAA Flight Plan,
supporting safety and capacity goals as well as the organizational excellence objective to make decisions based
on reliable data to improve overall performance and customer satisfaction. Understanding the practical effect
of new alternatives is crucial to ensuring that NextGen systems function correctly, serve the appropriate needs,
and provide value to the U.S. taxpayers.

Over the past five years, the operations concept validation team has conducted studies, including Big Airspace,
Staffed NextGen Towers, and Multi-Sector Planner, to understand proposed NextGen systems and capabilities
and to allow concepts to mature towards implementation in the NAS. These studies helped FAA understand
the actual economic and operational effects of proposed concepts, often leading to new or revised system
requirements that would have been unclear without the concept development and validation research. Safety
research has shown that methods and metrics for measuring progress towards reducing the rate of fatalities
and significant injuries are achievable. The research validated concepts through simulations, modeling,
demonstrations, prototypes, field tests, and reviews among system experts.

REsuLTs ACHIEVED IN 2010 INCLUDE:

Capacity and Efficiency Evaluation:

The program conducted Staffed NextGen Tower (SNT) field demonstrations in Dallas-Fort Worth to validate
the first phase of the SNT concept, documenting operational impacts and benefits of the new Multi-Sector
Planner position for high altitude airspace. The demonstration showed that this new automation capability
achieves the desired benefits without the need to staff a separate planning position. The program supported
development of the Flow Based Trajectory Management concept by conducting real-time simulations to
develop and analyze concepts and methods for handling high altitude airspace operations, and it delivered an
overarching concept of operations (and related scenario description) for a wide-range of NextGen systems,
explaining how the systems interrelate in the mid-term timeframe. (Operations Concept Validation)

Point-to-Point Commercial Space Transportation in the NAS:

The safety regulatory provisions of commercial space transportation must continue to evolve and keep pace
with new developments in the commercial space transportation sector, including point-to-point suborbital
RLV operations. The report Point-to-Point Commercial Space Transportation in the NAS identifies and
provides a critical examination of the safety related issues that existing and emerging ATM architectures
must consider and address to provide enabling support for suborbital point-to-point operations, allowing
them to occur safely and seamlessly in the NAS. The overall safety goal of commercial space transportation
is to protect public health and safety. For more information, see: https://www.faa.gov/about/office_org/
headquarters_ offices/ast/media/point_to_point.pdf. (Commercial Space Transportation Safety)

Implementing Weather Effects in AEDT Environmental Analyses:

The FAA successfully implemented high-fidelity weather data from multiple sources in the AEDT integrated
environmental analyses tool. We have performed post-implementation validation and verification of this
enhanced functionality. Inclusion of weather was necessary to develop better estimates of fuel burn and
assign source location of noise and emissions based on the weather driven flight tracks. The DRG currently
is testing this enhanced AEDT. (NextGen - Operational Assessments)
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Airport Surface Detection Equipment Model-X (ASDE-X) for ASIAS:

The program designed and implemented a direct feed of ASDE-X data into ASIAS. To support integration of
internal FAA databases, the FAA developed the ASDE-X Front End Processor (FEP) and Enhanced Repository
System (ERS). These prototyped and validated tools use secure file transfer protocols to proactively and
securely collect, process, and distribute safety related air traffic information such as ASDE-X data within

the user community for aviation research. As part of the NextGen R&D Enclave, the ASDE-X FEP and ERS
perform a key role by providing a comprehensive set of airport surface traffic, towered airspace traffic, and
other system-safety logic information. The ERS continues to provide data to support analyses for capacity
improvements and safety risk-management methodologies. (System Safety Management)

Safety Evaluation: Reducing Fatalities:

Research results in 2010 show that methods and metrics for measuring progress towards reducing the rate
of fatalities and significant injuries by two-thirds in 2025 are achievable. Research focused on commercial
aviation including both scheduled and nonscheduled flights of U.S. passenger and cargo air carriers and
scheduled flights for regional air carriers. Researchers used NTSB databases on fatality and serious injuries
and identified loss of control in flight, controlled flight into terrain, and runway excursion as the three major
accidents types that contribute over 60% of total fatalities and serious injuries. Metrics (precursors or
indicators) that measure the performance of each category of accidents are now available and will be further
validated as soon as the 2010 NTSB safety data become available. The research focus area will expand to
start exploring and analyzing the establishment of targets and tracking metrics for the GA sector. (System
Safety Management)

The challenge for capacity and efficiency validation is that not all of the data exists today to allow the projection
of economic and operational impact of alternatives by 2016. Research, including fast-time mod