1999 FAA NATIONAL AVIATION RESEARCH PLAN

1.0 OVERVIEW

1.1 Research, Engineering, and Development Program Objectives

The Federal Aviation Administration’s (FAA) ogies and procedures based on research and de-
mission is to provide a safe, secure, and efficiemelopment (R&D) contributions from the FAA,
aerospace system that contributes to national $¢ASA, and, to a lesser extent, the Department of
curity and promotion of U.S. aerospace safety. A3efense (DOD). As traffic doubles over the next
the leading authority in the international aerol5 to 20 years (and with an even higher growth
space community, the FAA is responsive to theate forecast for commercial space transporta-
dynamic nature of customer needs, economiion), it will be necessary to reduce the current ac-
conditions, and environmental concerns. Kegident rate by 50 percent to hold the annual num-
mission elements are: (1) the regulation of civiber of accidents at today’s level. The R,E&D pro-
aviation and commercial space transportation fgram supports essential initiatives to reach the
promote safety; and (2) the safe and efficient ugmal of reducing fatal accidents by 80 percent by
of airports and the airspace by both civil and milithe year 2007.

tary aircratft.
The R,E&D program also supports the goals and

To accomplish this mission, the FAA's Researcl*b N , .
. : bjectives of the agency’s strategic plan, as well
Engineering, and Development (R,E&D) progra s the requirements associated with the evolving

develops and validates technology, systems, ir traffic system architecture. A major FAA chal-

sign, and proce'du.res that directly support six % nge today is modernizing an aging infrastruc-
the agency's principal operational and regulato%re of air navigation facilities. A major infusion

I’ESpOHSIbllltIESZ acquisition, air traffic SeI’VICGSDf new technology and procedures is essential if

ge[etlrg(i?otéogngfcilrrt(i:frii;ttiggdofae\llilftéor?s pcei\r/?‘log\zgl_air traffic services are to continue to support safe
P ; . ports, and efficient flight operations in the future. The
tion security, and environmental standards f

civil aviation Osryst(_em_architecture proyides the roadmap for this
continuing modernization process, and the

The FAAs R,E&D program has made significanR,E&D program provides the necessary system
contributions to ensure the safety, efficiency, catevelopment initiatives.
pacity, and cost-effectiveness of the national avia-
tion system. Today, that system is under heay safe and efficient air transportation system also
pressure to keep pace with rising air traffic anté essential to both the Nation’s economic pros-
commercial space transportation demands, negarity and for national defense. In 1993, aviation
for essential safety and security improvementand related industries contributed almost $700
airspace user requirements for more flexible arfallion to the U.S. economy (6 percent of our
efficient air traffic management operations, angross domestic product) and accounts for over 8
demands for further mitigation of the environdmillion jobs. Aviation is the largest export sector
mental impacts of aircraft operations. of our economy, with a $25-billion trade surplus

. . , in 1994. The industry expects to deliver over
As air travel increases, the agency's R&D wor§4’000 transport aircraft valued at $1 trillion over

will take on added significance. To meet these f .
ture challenges, the FAA employs a comprehe.he next 20 years. A viable FAA R,E&D program

sive, agencywide R,E&D investment analysiés critical to assure the continued safety and effi-
process to assure that available resources remgteﬁgca g t?:(:?]'rr]iggpsa%%rtztézairﬁtceT;;ggrscﬁint'?r;
customer-focused (in terms of the Governme viatioh ' P
Performance and Results Act concepts of “ouft '
comes” and “outputs”) and targeted on the highe%e EAA

oriority activities s R,E&D program is functionally di-

vided into seven areas: air traffic services, airport
The agency’s first priority is safety. The accidensafety technology, aircraft safety, system security,
rate has dropped dramatically over the past 2tuman factors, environment and energy, and
years because of the introduction of new techndR,E&D program direction.
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1.2 Forecasted Needs of Civil Aviation

Increasing Demand ally in these same years. Projections assume that
, o . omestic passenger yields will increase 1.7 per-

The FAAs mission is to provide support andd P ger y . P
. R cent annually over the forecast period, and inter-
guidance to the aviation industry to ensure re-_ . . : )
. - national air carrier revenue passenger miles and

sponsiveness to the needs of the aviation commu- o

enplanements will increase 5.3 percent annually.

er-. o :
ity rely heavily on the stability of the aviation in—fE‘Ir transportation IS expec_ted to continue to dom-
ate all other transportation modes in both long-

dustry. Aviation and related industries contributd! o : . :
almost $771 bilion to the U.S. economydlstance domestic intercity and international pas-

(6 percent of our gross domestic product) whilgenger markets. Growth in commuter/air taxi air-

they provide over 8 million jobs (See Figure 1-1)craft activity should be somewhat larger than

With a $425 billion trade surplus in 1994, aviatioforecasted for the larger commercial air carriers.
remains the largest export sector of the economy/iS Projected growth will increase the strain on
U.S. aviation industries hope to deliver ovef€ @[ transportation system's capacity, safety,
14,000 transport aircraft valued at $1 trillion ovefnd security.

the next 20 years. _
Security

Howe\{er, awanon-_rela‘;ed research. and develpq.he increased sophistication of terrorist activity
ment is accelerating in other nations, and in-

. o : . and recent aircraft disasters have heightened pub-
creased foreign competition is showing som

signs of eroding our international position. Aﬁc awareness and demand for better security sys-

strong FAA R,E&D program is critical not only tol€ms and improved procedures affecting both se-

our national interests in improving the safety an‘au_rlty and gafety. The p_ubhc must feel secure in
efficiency of air travel systems, but also to safdising the air transportation system. The Gulf War

guarding U.S. interests through adoption of otaS shown that, without a sense of security, air
own technologies and products. travelers will change their mode of transportation

or dramatically decrease their travel. Statistics
According to FAA Aviation Forecasts, betweermay not bear out the flying public’s fears and
fiscal years 1997-2008, the demand for commegoncerns, but these perceptions must be ad-
cial air services is expected to escalate. (See Fidressed. The FAA R,E&D program is focusing on
ure 1-2.) Domestic air carrier revenue passengeeveloping methods and innovations that will
miles are expected to increase 3.8 percent anmreduce the assurances that the public demands.

Commercial Aviation

-~ -~

39 SIC Industries

@
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/ o
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8.8Million  ||$229.8 Billion Activity Construction
$771 Billion Communications

General Aviation |/
$15.2 $47.5

q i Lodging
Total Jobs \’ Total Earnings Annual Economic e

35 Others

*Includes “Multiplier Effects” based on the U.S. Department of Commerce Input/Output Model
(Source: The Economic Impact of Civil Aviation on the U.S. Economy, Update 1993, Wilbur Smith Associates, April 1996)

Figure 1-1 Aviation Impact on the Economy
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35

Operations (Millions)

20% Growth
(Source: FAA Aviation Forecasts: Fiscal Years 1997—2008) === Commercial Aircraft Operations at Airports with Traffic Control Service

Figure 1-2 Commercial Aircraft Operations

Navigation/Surveillance vices systems can best be modified to take full ad-
The Global Positioning System (GPS), a satelliterantage of the GPS information. The R,E&D pro-
based positioning system, is revolutionizing thgram must address these and other questions im-
FAAs current and future infrastructure plansjmediately to avoid delaying GPS’s application

However, its successful incorporation into air . .
: ' ; orp aﬁ]d expected economic and safety benefits.
traffic services requires technical answers to suc

questions as: What redundancy is needed foranging world economic, technical, and social

space-based system; what information security . .
measures are required; what certification is reé_/nwronments result in new challenges to the FAA

quired for GPS-derived services such as the Wi@d recent initiatives have focused the R,E&D
Area Augmentation System; and how present arogram on future enterprises discussed in the fol-
traffic management procedures and air traffic selewing paragraphs.

1.3 R,E&D Advisory Committee

FAA's Research, Engineering and Developmehip to 30 members may serve on the Committee.
(R,E&D) Advisory Committee (REDAC), estab-They serve two-year terms and represent corpora-
lished in 1989, advises the Administrator on retions, universities, associations, consumers and
search and development issues and coordinaggsvernment agencies. The FAA's Director of Avi-
the FAA's research, engineering, and develoption Research, serves as the executive director of
ment activities with industry and other governthe committee. The REDAC meets three times
ment agencies. The committee considers aviatidlroughout the year.

research _needs in air traffip s_ervices, qirport tecpl'EDAC recommendations are in Appendix A.
nology, aircraft safety, aviation security, human
factors, and environment and energy.

1.4 Motivation for Modernization

1.4.1 White House Commission on Aviation Aviation Safety and Security. Chaired by Vice
Safety and Security (Gore Commission) President Al Gore, the commission is often re-

In August 1996, the White House issued Execderred to informally in the aviation community as
tive Order 13015 establishing a commission othe Gore Commission. Included in its initial man-
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date was the requirement to review the curre@ritical Foundations to the White House in Oc-
status of National Airspace System (NAS) modtober 1997.
ernization efforts and recommend changes if r

quired Tritical infrastructures are systems whose inca-

pacity or destruction would have a debilitating
As noted in the Commission’s final report, draimpact on the defense or economic security of the
matic changes loom on the horizon for the avid¥ation. They include telecommunications, elec-
tion industry. Information technology presents optrical power systems, gas and oil, banking and fi-
portunities that will again revolutionize aviationnance, transportation, water supply systems, gov-
in ways as significant as the introduction of the je@@rnment services, and emergency services.

engine 40 years ago. Digital technology will reThe commission was divided into five teams,
place analog systems, making communicationgsresenting the eight critical infrastructures.
with and among aircraft dramatically faster, angach team evaluated the growing risk, threats,
more efficient and effective. and vulnerabilities within its sector. The sector

Among key recommendations on new initiative$€ams and their industries include:

and funding to improve safety and security, the |nformation and Communications—telecom-
commission also concluded that “In the area of air munications, computers and software, Inter-
traffic control, the commission believes that the net, satellites, fiber optics

safety and efficiency improvements that will
come with a modernized system should not be de-
layed and recommends that the program be accel-

erated to achieve full operational capability by ~Energy—electrical power, natural gas, petro-
2005.” leum, production, distribution and storage

Physical Distribution—railroads, air traffic,
maritime, intermodal, pipelines

This recommendation represents a significaﬁt E;gig%;gg:dmrigffgtsﬁnFaendC;?;r rsg:g;:\%)ns,
challenge and opportunity for R,E&D—one that '

can be met only with a renewed sense of dedica- Vital Human Services—water, emergency
tion and expanded partnerships with industry and Services, government services.

academia. 1.4.3 National Civil Aviation Review Commis-

1.4.2 President's Commission on Critical sion
Infrastructure Protection In its report, the Commission recommended
The President’s Commission on Critical Infra-.broad and sweeping _chang'es'l_n the ways the FAA

is managed, sets its priorities, assesses and

structure Protection (PCCIP) was the first na'chieves erformance outcomes, and is financed
tional effort to address the vulnerabilities create perio ) ’ :
he Commission made five broad recommenda-

in the new information age. The Commission, e fans:
tablished in July 1996 by Executive Order 13010, ™
was formed to advise and assist the President«of FAA's funding and financing system receive a
the United States by recommending a comprehen- Federal budget treatment ensuring that reve-
sive national strategy for protecting and assuring nues from aviation users and spending on avi-
critical infrastructures from physical and cyber ation services are directly linked, and

threats. shielded from discretionary budget caps.

Air traffic control services should be placed
in a performance-based organization (PBO)
that is managed by a chief operating officer
and overseen by a board of public interest di-
rectors.

The Commission, chaired by aerospace industfy
leader Robert “Tom” Marsh, included senior rep-

resentatives from private industry, government

and academia. An advisory committee of industry
leaders advised the Commission, and a Steering
Committee of cabinet-level officials reviewed the FAA should adopt a cost-based revenue
Commission’s report before forwarding it to the stream to support its air traffic system activi-
President. The Commission submitted its report, ties, including capital investments.
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» FAA operating costs could be better managed AIP should be funded at a minimum of $2 bil-
and controlled and that investments in air lion annually over the next 5 years.
traffic control modernization should be in-
creased.

1.5 Recent Aviation Community Initiatives

1.5.1 NAS Architecture reduce accidents fivefold over the next decade.
The FAA, through the Office of System Architec-Theé NCARC also recommended that the FAA and

ture and Investment Analysis, has defined #&dustry work jointly on safety data analysis. In
comprehensive and realistic system architectufae fall of 1997, Administrator Jane Garvey made
for the air transportation system infrastructuré2 COmmitment to develop a S-year plan to focus
The NAS Architecture Version 4.0 is the culminaFAA resources on the accident prevention steps
tion of an intense effort undertaken by the FAAthat hold the most potential.

industry representatives, pilot and owners’ orgarhis led to the initiative “Safer Skies—A Focused
nizations, and DOD. ThBIAS Architecture Ver- agenda,” which was introduced by Vice President
sion 4.0document, approved by the Joint ReGore on April 14, 1998. The FAA, based on a
sources Council (JRC) on September 14, 1998pmprehensive review of the causes of aviation
was published in February 1999. The NAS Archiaccidents, has adopted a focused priority safety
tecture responds to the requirements of #- agenda designed to bring about a fivefold reduc-
ernment/Industry Operational Concept for th&ion in fatal accidents. The FAA will concentrate
Evolution of Free FlighfCONOPS). its resources on the most prevalent causes of air-

The CONOPS provides an evolutionary concegifaft accidents and use special teams of technical
of operations from the perspective of NAS user€Xperts to pinpoint the leading causes of aviation
This concept covers the transition from the cudisasters and recommend safety advances. In part-
rent NAS through three distinct time frameshership with industry, Safer Skies will use the lat-
2000; 2005; and the time when mature Free Flighst technology to help analyze U.S. and global
occurs. It incorporates the needs and requiremefi@ta to find the root causes of accidents and deter-
of NAS users and serves as the basis for an incfgine the best actions to break the chain of events
mental, benefits-driven approach towards Frefatlead to accidents.

Flight. The concept also forms_the basis for FAAyp, September 22, 1998, Deputy Administrator
and user community plans calling for procedurajonte Belger gave a speech at the Global Avia-
investment, and architectural decisions to suppgygp, Safety and Security Conference that de-
the operational capabilities needed to achievgyiped the Safer Skies program and the new Air
Free Flight. Transportation Oversight System (ATOS), which
A thorough review of all current and proposed¢omplements the Safer Skies agenda.
R,E&D initiatives in the Air Traffic Services .
(ATS) area was conducted in support of the NAS2-3 Free Flight Phase 1
Architecture. This effort validated ATS researchn 1994, RTCA formed the Free Flight Select
efforts with the NAS modernization model pro-Committee. In 1995, RTCA formed Task Force 3,
vided by the NAS Architecture. As a result, somwhich issued recommendations in October 1995.
ongoing research activities were restructured aa 1996, the FAA committed to Free Flight, and
new requirements were identified. Details of holRTCA formed the Free Flight Steering Commit-
ATS research activities map to NAS modernizaee, and in 1997, the FAA Administrator formed
tion appear in th&lAS Architecture Version 4.0. the NAS Modernization Task Force. In January
] 1998, the FAA Administrator requested RTCA to
1.5.2 Safer Skies define Free Flight Phase 1 (FFP1). In March
In 1997, both the White House Commission anti998, the RTCA Select Committee set the focus
the National Civil Aviation Review Commissionfor FFP1 and the Administrator accepted the rec-
(NCARC) recommended a concentrated effort tommendations. In July 1998, the Administrator
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established the FFP1 Program Office as the direl®T (SEIPT) has purchased over 70 InVision CTX
reporting organization. 5000 explosives detection systems (EDS) to date.

The basic concepts of FFP1 are to: (1) provid-(g;he second-generation CTX-5500, also devel-

near-term measurable benefits: (2) focus on ea@fed under the Aviation Re_search Grant Program,
delivery of operational capability by the yea reens baggage faster with a lower false alarm

2002; (3) integrate the capabilities with proce[ate' It was fielded in the fall of 1998,

dures; (4). utilize *low risk” technologi.es; (5) US€) 5.5 Enhance Safety of Aging Aircraft Sys-
an evolutionary development paradigm; (6) iNfams
clude operational, technical, and financial considt—
erations; and (7) determine accountability. On October 1, 1998, Secretary Rodney Slater and
Administrator Jane Garvey announced a new ini-
tiative that will help ensure that aircraft systems
+ Traffic Management Advisor (TMA): A tool such as wiring and fuel do not fail as they become
that aids the controller in making decision®lder. This program, called the Aging Transport
regarding sequencing and spacing of en rouMonstructural System Plan, includes stepped-up
arrival aircraft. inspections of wiring, a long-term research pro-
. Passive Final Approach Spacing TooPram, and a model-by-model assessment of each

(PFAST): A tool that aids the controller in @ircraft type. As Secretary Slater noted, “This ini-

making decisions regarding sequencing arkptive continues our work to fulfill the mandate
runway assignment of terminal arrival airOf the White House Commission on Aviation

craft. Safety and Security, chaired by Vice President

. ) L Gore, which is a blueprint to help us make the
e Controller/Pilot Data Link Communications P b

world's safest aviation system even safer.”
(CPDLC): A tool that enables the exchange y

of selected non-time-critical messages beFhe FAAs Aging Transport Non-Structural Sys-
tween pilots and controllers. tems Plan responds to a recommendation by the

« User-Request Evaluation Tool (URET): AFAA Aging Systems Plan and combines regula-
tool that aids the controller in efficiently man-{ory actions, focused inspections, research, train-

aging en route traffic, supporting user reque$t9; and advice from the aviation community. It
decisions, and strategically detecting poterincludes seven initiatives to enhance the safety of

tial conflicts. nonstructural aircraft components:

The selected capabilities are:

* Collaborative Decisionmaking (CDM): A 1.
collection of tools that: (1) allows the FAA
and participating airlines to electronically ex-
change and analyze flight, NAS capacity, and
status information; (2) enhances the traffié-
flow management (TFM) process; and (3)
monitors and analyzes the performance of the
TFM system. 3.

« Surface Movement Advisor (SMA): A collec-
tion of tools that provides terminal data to
participating airlines and permits datef
exchange to support surface movement effi-
ciency. 5

1.5.4 Fielding Security Equipment

Through the Aviation Research Grant Program,
the FAA and InVision Technologies, Inc., haves.
partnered to increase aviation security for the
traveling public. The FAA Security Equipment

Establish an Aging Transport Systems Advi-
sory Committee to coordinate the Plan’s initi-
atives.

Conduct an indepth review of the aging trans-
port fleet and make model-specific safety rec-
ommendations related to airplane systems.

Enhance airplane maintenance to better
address aging airplane systems.

Add aging systems tasks to the FAA research
program.

Improve reporting of accident/incidents and
maintenance actions involving aircraft wiring
system components.

Evaluate the need for additional maintenance
of transport airplane fuel system wiring and
address any unsafe conditions.
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7. Improve wiring installation drawings and1.5.7 Safe Flight 21

instructions for continuing airworthiness. ] ] ) o )
Safe Flight 21 is a major research activity that is

1.5.6 RTCA being organized to significantly affect the pace
The RTCA Free Flight Steering Committeeand ultimate success of NAS modernization. Safe
(FFSC) endorsed the NAS Modernization Tasklight 21 is an initiative to build a credible pro-

Force approach to NAS Modernization. Theyram with FAA, industry, and Congress to dem-
FFSC applauded the FAAS plan to identify riskynstrate and validate integrated flight system ca-
areas and work collaboratively with industry t‘%abilities in a real operational environment. It

mitigate _the_ risk, anq |r_nplement the re'_sultm rings together the systems, procedures, and
communication, navigation, and surveillanc

(CNS) components of the NAS. The FFSC agredffining necessary to provide improved NAS
that Safe Flight 21 should be the vehicle for re3afety, productivity, and efficiency at affordable
moving risk and defining a path toward implepPerations and maintenance costs. At this time
menting enhanced CNS elements of the NAghere are nine operational enhancements being
The FFSC endorsed the plan to deploy a core siscussed. Each enhancement will be considered
of capabilities at limited sites by 2002. on its own merit.

1.6 Research Partnerships

1.6.1 National Science and Technology Council The NSTC Committee on Technology provides

President Clinton established the National SCRV?fa” technolo_gy policy, program, Q”d budget
ence and Technology Council (NSTC) by Execugwdance and direction to the Executive Branch.

tive order on November 23, 1993. This Cabineff0MPOsed of senior-level representatives from
level Council is the principal means by which théhe Fe_deral Governm_ents R&D department_s and
lﬁgenues, the Committee advises and assists the

President, who chairs the NSTC, can coordina TC 1o ] h I effecti d
science, space, and technology among the dive § 0 Increase the overall ellectiveness an

parts of the Federal research and development &JiQdUCtIVIty of Fe_deral R&D efforts_ln _t_echnol-
terprise. Council members include the Vice Prespdy- The _Commntee addresses_significant na-
dent, Assistant to the President for Science aﬁ'ﬂ)nal p_ollcy matters that cut across agency
Technology, Cabinet Secretaries and Agené%pundarles and. prowdes_ af_ormal mechanism for
Heads with significant science and technology rdhteragency policy Coord”ﬁ?t!"” and development
sponsibilities, and other White House officials. of Federal technology activities.
A key NSTC objective is establishment of clea-rrhe Cpmmltter(]a pl)laces partlcurl]gr empl|1aS|s on
national goals for Federal science and technolo rodmotllng&tgcbn(d) ogty partner?f_lps tlto ;v?rage
investments to strengthen and improve are ]sf. era uagets more etficiently. Fartner-
ip programs under the auspices of the Commit-

ranging from information technologies and healt be include the Partnership for the Next Genera-

research to transportation systems and fundam . . i
tal research. The Council prepares research %%n of Veh|cles_, the U.S. Innovation Partnersh|_p,
e Partnership for Advanced Technology in

development strategies that are coordinat usina. and proarams in Computing. Informa-
across Federal agencies to form an investmen? 9, prog puting,

. L , . fion, and Communications as authorized under
package aimed at accomplishing multiple nation . ;
goals. In a report titledNational Research and the High Performance Computing Act of 1991.
Development Plan for Aviation Safety, Securitfthe NSTC Committee on Transportation Re-
Efficiency, and Environmental Compatibilitto  search and Development chaired by Deputy Sec-
be released soon, the Council will provide a deetary Mortimer Downey has developed the ratio-
scription of the coordinated long-term researchale and framework for guiding Federal initia-
initiatives to bring about the advances in aviatiotives that will make the transportation system
that will be required in the opening decades of theafer, more productive, and more efficient. Con-
next century. sidering the likely future, the Transportation R&D
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Committee has defined these strategic goals féacilitates user operational flexibility and produc-
transportation R&D: tivity throughout the airspace while maintaining

» Provide a safer transportation system or enhancing safety.

«  Achieve a high level of transportation systen]h® MOU established an FAA/NASA Inter-
security Agency Air Traffic Management Integrated Prod-

. . uct Team (IAIPT) responsible for planning, over-

* I_m_prove environmental quality and energy ef'sight, and management of joint efforts. The prin-
ficiency _ ~ cipal defining documents for the IAIPT are the

» Foster economic growth and productivittegrated Plan for Air Traffic Management Re-
through more effective and flexible globalsearch and Technology Developmeamtd the
passenger and freight services Inter-Agency Air Traffic Management Integrated

« Ensure improved access to and increasdtjoduct Team Management Plan

mobility on the Nation's transportation sys—he mission of the IAIPT is to plan and facilitate
tem. the integrated FAA/NASA Air Traffic Manage-

The FY 2000 FAA R&D budget supports thesd"€Nt (ATM) research and development into oper-
strategic goals for transportation R&D in th@tlonal concepts and associated decision-support

NSTC plan. The FAA is a uniquely visible mem_tools, which, when implemented, will maximize

ber of the transportation community, and thes@e safety, efficiency, and flexibility of the opera-

investments are critical to meeting the nationdl®"S for the current and future NAS. Efforts will

goals and sustaining the prosperity of the nation§['cOmMpass air-based and ground-based air traffic
economy. control and traffic flow management decision-

support tools and procedures.
1.6.2 FAA/NASA Integrated Plan for Air Traf-

. The IAIPT manages, advises, directs, decides, ad-
fic Management

vocates and influences, and accomplishes ATM-
Research and Technology Development related research and development (R&D).

On September 11, 1995, the FAA and NASA AdAs illustrated in Figure 1-3, the IAIPT is orga-
ministrators signed a memorandum of undenized under joint FAA/NASA leadership into an
standing (MOU) on Airspace System User Operdnter-Agency Integrated Management Team
tional Flexibility and Productivity. In this docu- (IAIMT), six Area Work Teams, and related staff.
ment, the two agencies commit to an integratethe composition and role of the various IAIPT el-
effort to provide an air transportation system thaments are described below.

Inter-Agency Integrated Management Team (IAIMT)

FAA Co-Lead
NASA Co-Lead

Executive Secretariat

Key FAA and NASA Executive Members
Key A{ivisors
Technical Leads | Program Managers
A fpmmmmommmomooe- bo-omoooo—- FAA
NASA | NASA
Research Institutions | Research Institutions
|
| r———=—=—===-- r———=====- i It i it |
Area Aréa Area Area Area Area
Work Team: Work Team: Work Team: Work Team: Work Team: Work Team:
Surface Terminal En Route Oceanic TFM Sys/X-Cut.
~~~~~~~ ‘\\\ ‘\ i /,/' —___——'
~~~~~ S~ N 7/ - m——T
Team Leads
Key FAAINASA Representatives
Technical Experts
Project Managers

Figure 1-3 IAIPT Organization
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The IAIMT, the senior management advisoryerational procedures, and members from NASA
body for the IAIPT, has both FAA and NASA co-and the private sector are similarly designated by
leads. A careful balance of other participants repheir organizations based on a combination of
resent major organizations within these agencidgbeir relevant experience and their currently as-
Key FAA and NASA research support organizasigned duties.

tions are represented on the team. These private- , ,

sector interests include MITRE/CAASD and the "€ current IAIPT has six AWT's, one for each

Massachusetts Institute of Technology Lincolf€chnical domain of ATM R&D, namely: Surface,
Laboratory. Terminal, En Route, Oceanic TFM, and System/

_ Cross-Cutting. The individual AWT’s may aug-
The role of the IAIMT is to: ment their basic membership with other program
» Provide high-level vision and direction.

participants, as required, to support the mission of
» Establish strategic outcomes consistent withe AWT.

FAA, NASA, and industry strategic goalSThe rgle of the individual AWT’s, within their

Act (GPRA) outcomes, etc.).
 Provide integrated strategic planning fof Integrate FAA and NASA ATM R&D plan-
ning and project execution, including bud-

ATM R&D, and communicate the plan in an oAt
Integrated Plan for ATM Research and Tech-  9€tS, work, and priorities.

nology Development. « Be responsible to the co-leads and the IAIMT

Periodically review the status of ATM R&D
and integration and report to the FAA-NASA
Coordinating Committee.

for performance against key project mile-
stones and program outcomes (i.e., GPRA),
including making recommendations to the

IAIMT regarding scope, direction, and con-
tent of integrated ATM R&D.

Foster technical exchange, alignment, and
integration of ATM R&D programs among
participating organizations and the ATM

« Make decisions and set priorities for over-
arching issues, especially those affecting
R&D technical and resource needs. .

» Be the focal point for related program, policy,
and budget issues internal and external to the

FAA and NASA. R&D community.
: Ionp;?ii;es and explore research and technology,,cts of this integrated research are shown in

Table 1-1. Some (as noted) have already been de-
Collectively, the Area Work Teams (AWT) formlivered and are being incorporated in the Free
the operational body of the IAIPT. Individually,Flight Phase 1 program for limited deployment in
AWT representation reflects the same concern ftihe NAS. Research products being developed by
balance as shown in overall IAIPT membershighe FAA are part of this interagency IPT and are
The FAA lead of each team is the same persdarther discussed in the program information sec-
who is responsible for the transfer of the devetions on Traffic Flow Management, Operational
oped technology into FAA's new systems and og=oncept Validation, Air Traffic Control/Airway
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Facilities Human Factors, and Center for Adtee will be responsible for executive direction and
vanced Aviation System Development. oversight of the FAA and NASA joint aviation

] ] and future space transportation R&D efforts.
FAA/NASA Executive Committee ) _ _ .
Under an agreement signed on October 9 199 he committee will be chaired by the Associate

- - Alministrator for Research and Acquisition
LheerthAiﬁ tznsiulr\lsﬁgA will establish an agency Ioart(ARA—1) and NASAs Associate Administrator,

Office of Aerospace Technology. Permanent

* Aviation safety improvements members from FAA will include the Associate
« Airspace system efficiency Administrators for:
» Aircraft environmental concerns. » Air Traffic Services (ATS-1)

The pact creates an executive board of senier Regulation and Certification (AVR)
managers from both agencies to monitor progregs Airports (ARP-1)

and ensure that complementary aviation and com- _ .

mercial space transportation goals are achievéd Commercial Space Transportation (AST-1)
through coordinated planning. The agreement bghe Directors of:

sically reconstitutes the FAA/NASA Coordinat- L

ing Committee on R&D and redesignates it as te Aviation Research (AVR)

FAA/NASA Executive Committee. The Commit-«  The William J. Hughes Technical Center

Table 1-1. IAIPT Products

IAIPT
Products

System/Cross Support to Operational Concept Development/Validation
Cutting Airspace Design Technology

Benefits/Metrics Development

Human Factors System Evaluation Tools

ATM Collaborative Decisionmaking Tools for Flight Crews

Traffic Flow Ground Delay Program Enhancements
Management Collection and Distribution of NAS Status Information
Collaborative Routing

Interactive Flight Planning

System Performance Assessment Tools

Dynamic Density Monitor

Surface Area | Airport Surface Movement Advisor
Work Team Airport Collaborative Departure Scheduling Tool

Integrated Surface Advisory Tool

Terminal Single Center Traffic Management Advisor
Arrival and Final Approach Spacing Tool
Departure Dynamic Wake Vortex Spacing Tool

Dynamic Rerouting Tool for Weather Avoidance
Collaborative Arrival Planning Tool

Expedite Departure Path

Terminal Routing Using Speed Techniques

En Route/ Conflict Probe Enhancements

Cruise Mulitcenter Traffic Management Advisor
En Route and Descent Advisor

Aircraft Integration

Oceanic (Research Program To Be Developed)
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and the: tivities for sites with complex airspace;

. Federal Air Surgeon. (3) operation of existing and new prototype sys-
, . tems; and (4) full-scale development and imple-

NASA counterparts on the committee will includgnentation of the functionality at up to 24 TRA-

the Directors of: CON'’s. pFAST is in the prototype development
+ Langley Research Center phase, with a prototype deployed at the ARTCC/
« Lewis Research Center TRACON at Dallas-Fort Worth.

« Dryden Flight Research Center Conflict Detection and Resolution.Automatic

Conflict Detection (ACD) will provide ATC spe-

_ cialists tools to automatically detect potential fu-

* Goals, Programs, and Commercial Technojyre ajrcraft/airspace conflicts by using a continu-
ogy Divisions. ous conflict probe feature and a trial planning ca-

pability. ACD enables a controller to determine

1.6.3 Cooperative Research .
) i . whether a requested or changed altitude, speed, or
The work described below is representative of cQgte s conflict-free. The system’s functionality

operation between the FAA, NASA, and primary,yides tools to the controller that assist in im-
DOD components. plementing Free Flight in the en route environ-
Traffic Management Advisor (TMA). As part ment. ACD will also be integrated with CTAS de-
of the Center Terminal Radar Approach Contrgicent advisor functionality to provide a tool that
(TRACON) Automation System (CTAS), TMA extends across the en route domain and into the
Single Center Metering provides en route/termidescent phase of flight. CTAS and ACD are es-
nal controllers with automation tools to meter airsential to increasing NAS capacity and efficiency
craft flow rates in the terminal environment. Speand satisfying many RTCA recommendations for
cific TMA controller tools include an automatedtransition to Free Flight.

miles-in-trail-ba_sed sched_u_ling capability,_ a timeOperations Concept Development and Valida-
based scheduling capability, and the display @f,n The FAA will provide a detailed validated
meter lists _derlved from these functions on €fperational concept and an integrated system
route ATC displays. specification encompassing the roles of both the
Development of the TMA functions for airport ar-FAA and the users. Validated operational con-
rival flows are planned for and controlled by ergepts are being developed in cooperation with the
route sectors in more than one Air Route TraffiRTCA Select Committee for Free Flight imple-
Control Center (ARTCC). Scheduled activities inmentation. Validation analysis will include both
clude: (1) continued operation of existing protoFAA and NASA simulation capabilities, with a
type systems, (2) deployment of additional protcgreat likelihood of user and DOD participation as
type systems that can be used in ATM operationgart of the Free Flight joint implementation.

and (3) full-scale development and implement

tion of fur]ctionality for,arrival traffic at up to 24 search.FAA programs to improve the initial and
TRACON's/20 ARTCC's. continuing airworthiness and survivability of air-
TMA is in the prototype development phase. Preeraft have benefited from the interest and support
totypes are deployed at the ARTCC’'s/ TRACON'®f the DOD service branches. The Aging Aircraft
located at Dallas-Fort Worth, Denver, Atlantaprogram develops information and procedures for
Los Angeles, and Miami. using technologies that can predict the onset of

PFAST. As part of the CTAS, FAST provides thefailu_res of ai_rqraft structures under a range of op-
runway assignment and sequence numbers tt%(?tmg conditions.

TRACON air traffic controllers need to maximizeln addition to FAA and NASA sponsorship, this
airport arrival capacity. Scheduled activities inprogram receives significant U.S. Air Force fund-
clude: (1) functional system testing for pFASTIng. The Air Force and FAA are co-participants in
prototype deployment at sites with complex airfunding the Fire Research and Safety program
space; (2) initiation of prototype deployment acand its efforts to standardize and improve the test-

» the Marshall Space Flight Center

ircraft Modification and Improvement Re-
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ing of fire-resistant materials for use in aircraft ine  Crash-worthiness

teriors. Similarly, the Aircraft Hardening program.  propulsion and fuel systems performance;
relies on significant U.S. Navy participation to, safet

develop protection for aircraft against cata- y
strophic structural or critical system failures re* Landing gear systems performance and safety

sulting from in-flight explosions or the effects ofe Advanced materials.
electronic interference. Funded through contracts and grant awards, this

DOD also is vitally interested in the developmengenter has a $100M contract cap over the next 10
of flight standards underlying the Safety Perforyears and is making a $500K per year commit-
mance Analysis System (SPAS), which provide®ent to fund basic and advanced research through
FAA stakeholders with critical safety-related dat& cooperative agreement.

on the design, maintenance, and operation of thgienter of Excellence in Operations Research.
aircraft. The FAA-selected team of the University of Cali-

Human Factors ResearchAlong with FAA and fornia (Berkeley), Massachusetts Institute of
NASA, DOD is a primary participant in publish- Technology, Virginia Polytechnical Institute, and

ing the National Plan for Civil Aviation Human the University of Maryland (College Park) are the
Factors—An initiative for Research and Applicaleads for the Center of Excellence in Operations
tion. This document outlines a coherent nationd&esearch. This team includes 10 university affili-
agenda for human factors research and applictes and 20 industrial partners. The COE pro-
tion leading to significant improvements in NASgram, using its new hybrid funding vehicle (i.e., a
safety and efficiency. Programs stemming frorgrant and sole-source contracting authority)
this and similar research plans have develop@&vards contracts for rapid prototyping and engi-
and provided useful information to FAA stakeneering development.

holders on the effects of human performance QBenter of Excellence for Airport Pavement Re-
successful navigation, aircraft maintenance, angarch The Center of Excellence for Airport
other matters of importance to commercial anflayement Research was established with the Uni-
military aviation. versity of lllinois (Urbana-Champaign) in April
1995 and is supported by Northwestern Univer-

1.6.4 Centers of Excellence ;
Air T ion C ¢ Excell COE ity. Pavement research focuses on new technolo-
ir Transportation Centers of Excellence ( I_%ies to handle the estimated stress loads foreseen

are established. throu.gh.coopera'tive AgreemeiliSine next generation of high-volume, commer-
among ?jcerl]delg\cAlrés(t)lt;tlons, the'LIQf{:“?jte palrti:ial aircraft, such as the Boeing 777. This re-
ners, and the FAA. s are established t0 assigl, o, including rehabilitation and non-destruc-

the FAA in the pursuit of mission-critical researpqive testing and evaluation of existing pavement,

in technologies that are pertinent to developlng conducted at the former Chanute Air Force
and maintaining a safe and efficient national aj

: “Base, Rantoul, lllinois.
transportation system. Centers may be funded in ?

phases over a period of 3 to 10 years. Thereaftéenter for Computational Modeling of Air-
they are expected to be Se|f-supporting_ craft Structures (CMAS) CongreSS established

the Center for Modeling of Aircraft Structures

Cente;r?f E:\Zeléence n tﬁ\_ir\r/]vo(;thiness éssur- (CMAS) as a joint effort between the Georgia In-
ance. tne as established a new Center Ry 10 ‘'of Technology and Rutgers University.

Airworthiness Assurance with Ohio State Universgi, .o its beginning in 1992, CMAS has con-

sity and lowa State University as leads and sevei o research in micromechanics, structural and
additional core members. There are more th

3aterial fatigue, data management, and aging air-
100 academic, industry, and government affiliatgraﬂ gue, g ' ging

partners.

. . Aviation research has highlighted software and
'(Ij'he Center, ehs'gablrl]shed In Sﬁptember 1998, COé“ﬁgineering methods that can be transferred to in-
Lcts research Iin the areas of. dustry and used by the FAA to address aircraft

« Maintenance, inspection, and repair structure issues relating to the certification and
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regulation of the commercial airline fleet. Repanels, committees, study groups, and regional
search is currently being funded by the agency ganning groups as well as by entering into nu-
an as-needed basis. merous bilateral cooperative research and devel-
1.6.5 European Activity qpment ag'ree'ment's with countr.ies and civil avia-
o — . _tion organizations in every region of the world.
Global harmonization of communication, naviga: . .
tion, surveillance, and air traffic managemen-{_hes_e ICAQ forums and |n'.te.rnat|onal agrgements
(CNS/ATM) technologies and standards holds tHovide the FAA opportunities to work directly
key to the future success of all aviation system¥ith key research, engineering, and development
The United States (through the FAA) continues tBrganizations and decisionmakers in order to
position itself to be a leader in international efmake significant contributions toward interna-
forts to maintain the safety, security, efficiencyional coordination of air traffic services.
and effectiveness of civil aviation. Progress to-
wards a globally harmonized CNS/ATM systemThe FAA also works closely with internationally
has accelerated since the adoption of the Globaicognized standards developing organizations
Plan for CNS/ATM Implementation by the Inter-such as RTCA and the European Organization for
national Civil Aviation Organization’s (ICAO) Civil Aviation Equipment (EUROCAE) to reach
Tenth Air Navigation Conference. consensus with industry and the user community

The FAA has continued to support CNS/ATM im-on standardizing and certifying evolving aviation
plementation by participating in ICAO technicaltechnologies.

1.7 Government Performance and Results Act of 1993

R,E&D program development fully supports theThe primary challenge in the FAA R,E&D pro-
concepts and recommendations set forth in thleess is understanding how to package emerging
GPRA of 1993. This year, the FAA is emphasiztechnology into R&D outputs (products) that pro-
ing GPRA concepts (outcomes and outputs) in dgide value to internal FAA users (Air Traffic Ser-
scriptions of the R,E&D program. Explaining thevices, Aircraft Safety, etc.), as well as external
research program in GPRA terms ensures use @fstomers (Air Transport Association, NASA, Air
simple and measurable concepts. Figure 1-4 illusine Pilots Association, etc.). The secondary
trates how FAA outputs (R,E&D products) are dichallenge is to understand the impact and influ-
rected toward specific customers. The FAAence of emerging technologies on the present
R,E&D program, explained in detail in Section 2R E&D program and to adapt the program to meet
of this report, is described in GPRA terminologyfuture needs.

Each program area is described in terms of out-

puts that will be used to achieve the desired outdditional information can be found in
comes. Appendix B.

Government Performance and Results Act View of Agency
Accountability for Outcomes

Stakeholders Customers

! :
_

Suppliers

S
\ FAA internal processes and

o > programs, including R,E&D . » » Outcomes
S Inputs program and its products and Outputs c

/ partners

S C

Figure 1-4.
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1.8 Overview of the R,E&D Program

The FAA R,E&D program is divided functionally
into seven areas: Air Traffic Services, Airport
Technology, Aircraft Safety, Aviation Security,

Human Factors and Aviation Medicine, Environ-
ment and Energy, and R,E&D Program Managé-
ment.

Air Traffic Services R,E&Dfocuses on in-
creasing system safety and capacity and en-
hancing the flexibility and efficiency of air
traffic management operations. A key ele-
ment in achieving these objectives is develop-
ing decision support tools that will enable
FAA air traffic specialists to manage traffic
flows more efficiently while collaborating
with the user community in making decisions
affecting their operations.

The R,E&D program is also working to
reduce the risks of runway incursions, midair
collisions, and aircraft encounters caused by
the effects of wake vortices and hazardous
weather. Research is developing new technol-
ogies that will improve navigational accuracy
and provide improved landing guidance.
Communication research develops technolo-
gies that improve the reliability of pilot-con-*
troller communications and permit the
exchange of large data files, such as weather
data, to pilots.

The FAA also is working to introduce new
technologies to support a Free Flight system,
in which aircraft operators could vary their
speed and flight path to increase operational
efficiency while air traffic controllers ensure
that safety is maintained.

Airport Technology R,E&Ddevelops and
evaluates technologies designed to ensure and
improve safe and efficient operations on the
airport surface and in the immediate vicinity
of an airport. Research focuses on developing
and evaluation of advanced, innovative tech-
nologies involving pavement design, cons
struction, and maintenance; airport visual and
navigation aids; rescue and firefighting equip-
ment and procedures; runway friction; and
wildlife control techniques. Research results
are used to update FAA standards for the de-
sign, construction, and operation of airports
and airport equipment, and are incorporated
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into guidance material used by airport opera-
tors, consultants, and equipment manufactur-
ers.

Aircraft Safety R,E&Dfocuses on ensuring
the safe operation of inservice aircraft. It ad-
dresses the hazards that face all aircraft in ser-
vice, as well as the special hazards endemic to
select portions of the civil aircraft fleet. Older
aircraft are more susceptible to structural
problems associated with fatigue and corro-
sion. New aircraft with digital flight control
and avionics systems and associated imbed-
ded software are more susceptible to disrup-
tion from external electromagnetic interfer-
ence. Research focuses on developing tech-
nologies and standards for maintenance and
modification of inservice aircraft to ensure
continued airworthiness. It includes research
in structural integrity of airframes and en-
gines, maintenance and repair of composites,
atmospheric hazards, crash-worthiness, fire
safety, and forensics capabilities to support
accident investigations.

Aviation Security R,E&Ddevelops technolo-
gies and standards that counter the threat of
terrorism and criminal acts targeted at avia-
tion. Research focuses on developing and
evaluating passenger-, baggage-, mail-, and
cargo-screening devices to detect concealed
explosives and weapons; aircraft hardening
techniques to increase aircraft survivability in
the event of an inflight explosion; human fac-
tors aspect of detection and alarm resolution;
and integration of airport security technolo-
gies and procedures.

An important consideration in this research is
to develop effective, reliable technologies and
procedures that have minimal impact on air-
port and airline operations.

Human Factors and Aviation Medicine
R,E&D directly supports the National Plan
for Civil Aviation Human Factors and the val-
idated needs of the FAAs lines of business
and NAS users. The program addresses major
human factors priority areas related to the
flight deck, ATC, flight deck/ATC system in-
tegration, airway facilities, aircraft mainte-



nance, and aeromedical aircraft cabin envi-
ronments.

Environment and Energy R,E&Develops
technical information, standards, and proce-
dures to mitigate the environmental impact of
aircraft operations (in particular, noise and air
pollution emissions), and to better understand
and manage the impact of FAA operations on
the environment.

R,E&D Program Managementcludes the

management, planning, control, and support
activities associated with formulating the
FAA R,E&D program. These efforts ensure

1999 FAA NATIONAL AVIATION RESEARCH PLAN

effort, consistent with the FAA strategic goals
and objectives, and fully coordinated with
stakeholders and customers.

It also ensures outside assessment of the FAA
R,E&D investments through active participa-
tion of the FAA R,E&D Advisory Committee.
The members of the committee represent
industry, academia, and other government
agencies. R,E&D Program Management also
facilitates research partnerships with industry,
universities, and other government agencies
that enable the FAA to leverage its research

that the program is a cohesive and integrated dollars.

1.9 Long-Term Research

The Research, Engineering, and Developmenblogies identified by research programs in space,
Management Reform Act of 1996 directed tha@eronautics, communications, computer science,
FAA to identify the allocation of resources amon@nd other related fields of exploration. Develop-
long-term research, near-term research, and deental activities beyond this stage are found in
velopment activities. the Engineering, Development, Test, and Evalua-

Long-term research, as defined in the AviatioHOn athigL/:;y of the '.:AAS Facilities and Equip-
Safety Research Act of 1988, is a research projé@fent ( ) appropriation.

thap is “l_ml_ikel_y to result in. a fina_l _rL_JIe-_making Of the $150M appropriated for R,E&D efforts in
action within five years, or in the initial mstalla—FY 1999 30% of these funds ar’e earmarked for
tion of operational equipment within 10 years aff ng-term’ research, with the remainder devoted to
ter the" date of the commencement of suc evelopmental/near-term efforts. Similarly, the
project. $173M FY 2000 Congressional budget submis-
The FAAs R,E&D is principally associated withsion for R,E&D designates 35% of the total re-
applied research. That is leveraging off new teclyuest for long-term research.
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2.0 PROGRAM INFORMATION
2.1 Air Traffic Services Program Area Description

Mission projects to determine safe separation distances

The overall mission of Air Traffic Services (ATS)under varying conditions and ways to more accu-
is to ensure the safe and efficient operation, maif@tely determine and predict aircraft positions and
tenance, and use of the air transportation systdfreduce weather-related accidents and passenger
today and to meet tomorrow's challenges to inpjuries. The effects of weather phenomena on the
crease system safety, capacity, and productivigircraft, including clear-air turbulence, cause a
ATS continually seeks to improve its services biarge percentage of aviation accidents and passen-
undertaking initiatives to meet current and futurger injuries. Additionally, an investment in air-
demands. The ATS R,E&D program is an ovef@orne collision avoidance systems is included to
initiative to ensure a structured and evolutionarjrovide a safety net beyond traditional separation
improvement of services that keeps pace with ttigethods.

QR’IO;;ID growth in awatcljon. IThe mr:SS||on of th€gyerall technological improvements in informa-
A p(rjogram Ids to develop technology, pdra_cﬁon displays, automation tools, decision support
tices, an _prgc:a_ uresfto_ e”fcft.”e continued INysiems, communications, navigation, and sur-
provement in delivery of air traffic services. veillance will support better determination of air-
Intended Outcomes craft position and resolution of potential conflicts

The ATS R,E&D program is one part of an inteP0th in the air and on the airport surface.

grated strategy to increase the value of the air trabecrease System DelayA. traditional measure

fic services. The ATS R,E&D program is a vehiof the efficiency of the Air Traffic Management
cle for making long-term investments in improv{ATM) system is delay. Delays can be caused by
ing services, procedures, and infrastructure, an@rious factors; however, weather is recognized
integrating new concepts and technology to megt a chief cause. The ATS R,E&D program is ad-
the increasing demands of safety, capacity, effiiressing the effects of weather-caused delays by
ciency, and productivity. Human factors considefinvestigating better weather-detection and fore-
ations are central to all program outcomes for @sting tools. The program also addresses
totally effective solution. The ATS R,E&D pro- throughput of airways and airport infrastructure,
gram contributes to the ATS performance outas well as the accuracy of information exchanged
comes contained in thair Traffic Services Per- py ATM systems.

formance Plarand the strategic goals of the Gov- . . .

ernment Performance and Results Acts (GPRAJCrease System FlexibilityNational Airspace
The program is also consistent with the goals de¥yStem (NAS) users expect more from the ATM
lineated in theFAA Strategic Planthe Research system than reduction of delay. Users want to op-

and Acquisitions Performance Plaand theReg- timize their operations through increased flexibil-
ulation and Certification Performance Plan ity during the flight planning process. Flight man-
agement and enhanced flight planning systems

The ATS R,E&D program contributes to thesing new technologies have enabled users to dra-
seven ATS performance outcomes described bBemtically improve the efficiency of air transporta-
low and represents increased value to system gy py allowing them to operate at the altitudes,
ers and the American public. speeds, and routes that they desire. As ATS ser-
Increase System Safet@afety is the FAA's fore- vices evolve toward Free Flight, the ATS R,E&D
most priority, and the ATS R,E&D program playsrogram supports development of technologies
a critical role in the development of procedurednd procedures in support of Free Flight and initi-
and technologies for safety improvement. atives such as Flight 2000.

Aircraft separation based on a well-defined set dhcrease System PredictabilityPredictability
standards is the keystone of ATS’ safety-relate@presents the variation in the ATM system expe-
service. The ATS R,E&D program invests irrienced by the user. Improving predictability is
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one of the most effective ways to add value to thground systems can reduce excess spacing buffers
ATM system. Weather is a significant contributobetween arriving aircraft.
to the uncertainty in the ATM system. Sixty-five
percent of the flight delays and 30 percent of aitacrease Availability of Critical SystemsATS
craft accidents and incidents can be attributed f@s traditionally used an overall equipment avail-
weather. ability rate as an indicator to represent basic
trends of NAS equipment. While this indicator
The ATS R,E&D program seeks improvements igonsistently runs over 99 percent and offers some
acquiring and disseminating weather productissight into the quality of operational services,
High-resolution weather forecasts in both spacgrs is taking a more detailed look at overall ser-
and time are feasible; but to be of use, it requirggce availability. Increasing service availability
rapid, effective graphical display of the associate@sults from taking a multifaceted approach that
information to the users. Manual analysis angsquires improvements in the aging NAS infra-
identification of specific aviation weather im-gtrycture and better methods of system operation
pacts, such as icing and turbulence, cannot prgnd maintenance. A modernized ATC system is
vide the information quickly enough or with suffi-yitical to the aviation community, and a signifi-
cient clarity to s_ignificantl_y reduce relgted delayseant growth in aviation cannot be safely accom-
Research in this area is intended to improve sygisdated without significant breakthroughs in
tem responsiveness by increasing user accessibilpdernization. The ATS R,E&D program is re-
ity to weather observations, warnings, and for‘as'ponsive to these goals in that the key elements of
casts. Any reduction in the impact of weather ojyas modernization are addressed in several areas
operations results in a fundamental increase in tB9 research into technology improvements, such
predictability of the system. as the effective use of modern displays, automa-

Increase User AccessAccess to the NAS and tion tools, and decision support tools.

ATS services is the basic need of all airspace us-

ers. The fundamental point through which mosL case ProductivityGiven the Increasing level
of services demanded and the decreasing number

users gain access to the NAS is airports. Navigaf t the di | of ATS. it i
tion and Landing are core services allowing gl scarce resources at the disposal o LIS
cess to airspace and airports under varying con jore important than ever to make more effective
tions. The ATS R,E&D program includes initig-USe of available resources and to undertake cost

tives to provide access to airspace, airports, angyngs and containment initiatives. R,E&D in-

landing services available to a wide variety of u yestments allow for better use of personnel

ers under varying conditions. Thousands of ai h_;augh |n|t![a:|v?s tthat ﬁrowde:[hA_TCI: pelrs?nnel
ports and runways become inaccessible wh support 100s o enhance tneir ievel of con-
rol and decrease their workload. Productivity im-

weather conditions prohibit visual navigation. cY
The widespread availability of the Global pPosiProvements are expected through automation, im-
roved decision support systems, and procedural

tioning System (GPS) signal-in-space, along with q _ c ,

published GPS instrument approach proceduréasr,] process !mpr(_)\_/ement_s. urr(_ant cost Savings

will enhance access to these capital assets. and productivity initiatives include investments in
human factors, modeling and simulation, and

Research will ensure that the GPS-derived Widioftware engineering activities.
Area Augmentation System (WAAS) and Local
Area Augmentation System (LAAS) services willProgram Area Outputs

have high availability. The expanded use of satel-
lite-based navigation systems will result in precil "€ outputs of the ATS R,E&D program vary,

sion approaches being available at more airporfoM development of operational prototype equip-

which will increase all-weather access to an ifl€nt to development of operational concepts,
creasing number of airports. modeling and simulation studies, emergent tech-

nology evaluations, to development of proce-
Additionally, research into the integration ofdures, standards and guidance. Examples of ex-
flight-deck state, intent, and weather data witpected program outputs are:
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Timely delivery of high-resolution informa- of Operations for the National Airspace System in
tion for icing, winds, temperature, and turbu2005 Specific examples of customer and stake-
lence to improve aviation advisories and foreholder involvement include:

casts used by the National Weather Service .

Human factors guidelines for shared informa-
tion displays in air-to-ground communica-
tions

Selection criteria and training methods for
operators and maintainers that reflect changes
in the operational environment and automa-
tion

Support to industry development of advanced
avionics for small airplane and rotorcraft sin-
gle pilot instrument flight rules (IFR) to meet
FAA requirements

Improved processes and practices in software
development for the aviation industry and the
FAA

Guidelines for an effective, accelerated sys-
tem/software to production process *

Refinement of airborne collision avoidance
technologies and procedures.

Program Area Structure

The ATS R,E&D program has been structured to
systematically support these intended outcomes:

Increase system safety

Decrease system delays

Increase system flexibility

Increase system predictability
Increase user access

Increase availability of critical systems
Increase productivity.

The ATS R,E&D program addresses these out-
comes with the objective of making efficient and

effe

ctive use of R,E&D resources by adding value

that benefits NAS users, operators, and the Amer-
ican public.

Customer and Stakeholder Involvement

The ATS R,E&D program reaches a broad spec-
trum of the aviation community and supports sev-

eral

aviation community interests, including

Challenge 2000, théwviation Safety Planthe
RTCA Free Flight Action Plarthe NAS System The forum serves as a basis to set research and de-
Architecture Development, and thd'S Concept velopment priorities.

The R,E&D Advisory Committee (REDAC)
provides guidance on the FAAs ATS invest-
ments. The REDAC Subcommittee for ATS
reviews the ATS program and provides rec-
ommendations on ATS R,E&D investments.
This program has seriously considered the
Subcommittee’s recommendations and has
adopted much of its advice.

The National Plan for Aviation Human Fac-
tors represents a cooperative effort between
the FAA, National Aeronautics and Space
Administration (NASA), and Department of
Defense (DOD) to establish a coherent na-
tional agenda for human factors research and
development to improve NAS safety and effi-
ciency.

The National Aviation Weather Users’ Forum
provides a process to develop a Federall/in-
dustry consensus on the needs and priorities
for aviation weather information. Forum par-
ticipants are from:

— The Airline Pilots Association (ALPA)
— Airline Dispatchers Federation (ADF)

— Air Transport Association of America
(ATA)

— Aircraft Owners and Pilots Association
(AOPA)

— Experimental Aircraft Association (EAA)
— Helicopter Association International (HAI)

— National Air Transportation Association
(NATA)

— National Association of State Aviation Of-
ficials (NASAO)

— National Business Aircraft Association
(NBAA)

— Regional Airline Association (RAA)
— American Airlines

— Delta Airlines

— Industry.
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Accomplishments .
Following is a partial listing of recent past accom-
plishments of the ATS R,E&D program: .

Developed numerous tools and information
exchange mechanisms (e.g., the Center TRA-
CON Automation System (CTAS), User Re-
guest Evaluation Tool (URET), and Surface

Developed ionosphere algorithms that meet
WAAS availability requirements

Implemented first phase of Reduced Vertical
Separation Minima (RVSM) in the North At-
lantic between FL330 through FL370

Completed initial SMA operational assess-
ment

Movement Advisor (SMA) research projects)r o Partnerships

by the Traffic Flow Management Researc
and Development program. These resources
embodied in collaborative decision makin
(CDM) packages #1 and #2, facilitate the dis-
semination of information to industry and es-
tablish CDM processes

hI'he ATS R,E&D program has established and
continues to maintain and pursue the establish-
$nent of partnerships with U.S. Government agen-
cies, international organizations, academic insti-
tutions, the airline industry, industry and industry
user groups, and non-profit organizations. Fol-

Developed and implemented GPS nonprecjowing is a list of some of the current partner-
sion IFR Helicopter approaches at the Mayehips.

Clinic, Wisconsin Medical Center, Erlanger

Medical Center, and western Pennsylvanié,
which has been attributed to saving over 500
lives in medical emergencies

Conducted a comprehensive human factors
study of controller-pilot communications

Achieved Aviation Gridded Forecast System
(AGFS) initial operating capability at the,
Aviation Weather Center (AWC) to improve
advisaories and forecast capability

Evaluated convective weather storm growth
and decay algorithm at Memphis testbed

Completed a significant upgrade to the Traf-
fic Alert and Collision Avoidance System
(TCAS) program (TCAS II). The upgrade,
known as Version 7, will make TCAS Il fully *
compliant with international standards and
will improve system safety by 5 percent while
reducing the nuisance alert rates by 30 per-
cent

Implemented traffic information service
(TIS), providing Mode S data link cockpit
displays of aircraft traffic based on terminal
ground radar surveillance

Completed a joint FAA/NASA Runway In-
cursion/Low Visibility Surface Operations ,
demonstration at Atlanta Hartsfield Interna-
tional Airport

Evaluated two commercially available low-
cost airport surface detection sensors for run-
way incursion reduction

U.S. Government Agencies:

— Department of Commerce

- DOD

— NASA

— National Science Foundation

— National Weather Service (NWS)
International Organizations:

— British Civil Aviation Authority

— European Organization for Safety of Air
Navigation (EUROCONTROL)

— French DGAC

— International Civil Aviation Organization
(ICAO)

Academic Institutions:

— Embry Riddle Aeronautical University
— Massachusetts Institute of Technology
— Ohio State University

— Pennsylvania State University

— San Jose State University

— University of Maryland

— University of Oklahoma

— University of Quebec at Montreal
Nonprofit Organizations:

— Advanced General Aviation Transport Ex-
periment (AGATE) Consortium

- RTCA



Airline Industry:
— America West
— American

— Continental

— Delta

— Northwest

— Southwest

— Trans States
- TWA

— US Airways
— United

Industry and Industry User Groups:

— ALPA
— AOPA
— ATA

— NBAA
— SAMA.

1999 FAA NATIONAL AVIATION RESEARCH PLAN

Long-Range View

The essence of the ATS R,E&D program is to
maintain a long-term view of the research require-
ments for continued safe and efficient operation,
maintenance, and use of the air transportation sys-
tem today and in increasing system safety, capac-
ity, and productivity.

The ATS R,E&D program is a continuing effort
that will have continuing funding expectations at
or beyond the current level. Although the compo-
sition of the R,E&D program portfolio will
change over time as some efforts come to fruition
and transition to a relevant F&E or O&M envi-
ronment, continued investment in ATS R,E&D
will ensure that the FAA stays current with the
ever-increasing demands on the air traffic system.
Further, continued investment in the ATS R,E&D
will ensure that the FAA has an effective risk-
identification/mitigation strategy for the high-risk
areas of the future NAS architecture.

2-5
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AO02a Traffic Flow Management — Program moved to 1999 Aviation System Capital Investment

Plan (CIP) as A05 Air Traffic Management Program

GOALS:

Intended Outcomes: The FAA intends to im-

prove flexibility and reduce delays while main-
taining or improving the level of safety through
new traffic flow management (TFM) capabilities.
The following capabilities will enable NAS users
to optimize operational schedules and reduce op-
erating costs associated with system constraints:

* FAA/industry data exchange capabilities en-
abling implementation of collaborative TFM
operational concepts.

» Collaborative decisionmaking (CDM) meth-
ods and procedures that give NAS users
greater flexibility and control over opera-
tional decisions and improved flexibility for
NAS users operating in the ground delay pro-
gram.

* NAS flow analysis tools offering traffic man- *
agers expanded decisionmaking support, per-
formance assessment, and compliance moni-
toring capabilities.

Each of the above contributes to cost reductions
for NAS users, as follows:

* Reduced routine flying times, departure de-
lays, and better responses to system disru
tions; reduced scheduled block times; an
saved airlines $360 million a year in operat-
ing costs (crew and equipment) for the scheé:
uled domestic jet fleet (reference: RTCA®
Task Force 3 final report, page 92).

¢ |Increased information flow and more CDM:;
reduced delays during national ground delay
programs; and saved airlines $221 million a
year in crew costs (reference RTCA Task
Force 3 final report, page 94, sum of “most
likely” entries”). Savings realized from*
reduced missed connections/cancellations and
improved on-time performance, etc., further
increases the savings.

Agency Outputs:

FAA/industry data exchange

e Users and service provider requirements are
identified and operational concepts are dem-
onstrated to incorporate emerging technolo-

2-6

gies. These actions have resulted in im-
proved, more timely electronic distribution
and display of user and service provider oper-
ational data and better support for FAA/indus-
try collaborative traffic flow planning and de-
cisionmaking.

DM

Based on the new information exchange,
TFM explores and identifies effective meth-
ods and procedures for FAA/industry CDM.
This results in automation applications, algo-
rithms, and procedures to reach operational
traffic flow planning decisions. These deci-
sions respond to both user and service pro-
vider objectives.

NAS flow analysis tools

TFM researches analytical tools and
approaches used in analyzing historical flow
patterns and NAS performance data. This
provides real-time operational analyses to
users and service providers. It also results in
near real-time analyses for use in distributed
environments for joint user and service pro-
vider traffic flow planning.

ustomer/Stakeholder Involvement:The TFM
&D program directly supports the following
ommunity initiatives:

Air Traffic Service Plan (ATSP). The plan
was created with a 5-year, forward-looking
window and with participation from all enti-
ties of the aviation community. The need for
better operational communications with us-
ers is a prominent theme throughout the
ATSP.

Free Flight Action Plan. This Plan includes
the following initiatives directly related to the
research planned in this area:

— Recommendation 6. Develop mechanisms
to provide predeparture feedback to flight
planners on potential impacts of flight plan
request changes and on system constraints
causing those changes.

— Recommendation 7. Implement rationing-
by-schedule during ground delay programs.
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— Recommendation 8. Establish more flexibleAccomplishments: The TFM R&D effort accom-
ground delay program procedures and degplished the following during FY 1998:

sion support systems.

FAA/industry data exchange

— Recommendation 9. Coordinate military,
FAA, and NAS users to define the informa-
tion and capabilities needed to improve
civil use of special use airspace (SUA) dur-
ing periods when SUA is not used by DOD.

— Recommendation 10. Conduct operational
trials in one or more SUAs to demonstrate
how improved SUA status information ex-
change can improve civil use during peri-
ods when SUA is not used by DOD. °

— Recommendation 11. Develop and imple-
ment real-time SUA notification between
DOD and FAA and between FAA and
flight planners.

— Recommendation 14. Improve telecommu-
nication devices to enhance information

Aircraft Situational Display for Industry
(ASDI) became operational in June 1998

Completed prototype development and evalu-
ation of initial data exchange for GDP en-
hancements (CDM Package #1)

Completed concept development and evalua-
tion of Daily Download and Simplified Sub-
stitutions (CDM Package #2)

Completed the prototype development and
evaluation of FSM, ration-by-schedule, and
schedule compression capabilities (CDM
Package #1) and made investment decision

Completed concept development and evalua-
tion of Control Time of Arrival capabilities
(CDM Package #2)

flow between users and the TFM system ofNAS flow analysis tools

a machine-to-machine basis. .

— Recommendation 15. Incorporate airline
schedule information (e.g., company delays

Completed Prototype Development and eval-
uation of System Impact Analysis; Sched-
ules (CDM Package #1)

and cancellations) into FAA decision sup- R&D Partnerships:

port systems and decision processes.

— Recommendation 16. Enhance or replace
the ATM monitor alert function, including, *
but not limited to, ways to measure control-
ler workload and function complexity.

— Recommendation 24. Develop a methodol-
ogy and tools to measure and predict dy-
namic density.

— Recommendation 25. Develop and imple-
ment TFM capability for information ex-
change among users and the FAA. This
enables users to be involved in the FAAS
TFM decisionmaking process.

NAS architecture development. The NAS ar-
chitecture development effort has produced a
target operational concept for the NAS. This
concept supports the collaborative partnership
philosophy between NAS users and service
providers. In principle, the concept states that

Airline industry

The following airlines are actively engaged in
the TFM R&D program. They are full part-
ners in determining new CDM functionality,
priorities, design, testing, and evaluation:

— America WestMidwest Express
— American

— Southwest

— Continental

- TWA

— Delta

— United

— Federal Express

— USAirways

— Northwest

— 35 Affiliated Subcarriers

the responsibility for safe and efficient NASCenter of excellence (COE) for Aviation Trans-
management should be a collaborative effogortation

between air traffic managers and flight opera-
tors.

The COE—composed of the University of
Maryland; Massachusetts Institute of Tech-
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nology; the University of California, Berke- NAS flow analysis tools
ley; and their industry partners—are key
players in _CDM tech.n.olog|es development Impact Assessment (Miles in Trail and Rout-
and evaluation. In addition, the COE provides ing)

an opportunity to explore the potential appli-

cation of game theory, decisionmaking undey Complete concept exploration for the perfor-
uncertainty, and artificial intelligence. mance assessment and Compliance Monitor-

ing capabilities

Complete concept development for System

Academia
KEY FY 2000 PRODUCTS AND MILE-
The TFM R&D group has a long-standing relasTONES:

tionship with aviation transportation, operations
research, and human factors academic personfald/industry data exchange

from the following universities:
g « Complete concept development phase for

e Massachusetts Institute of Technology Collaborative decisionmaking
* University of Maryland » Conduct prototype development and evalua-

« Ohio State University. tion for CRCT

« Complete concept development phase of the
MAJOR ACTIVITIES AND ANTICIPATED Dynamic Density analysis function
FY 1999 ACCOMPLISHMENTS:

NAS flow analysis tools

FAA/ h
findustry data exchange e Conduct prototype development for System

e Complete prototype development and evalua- Impact Assessment (Miles in Trail and Rout-
tion of the data exchange for the initial NAS  ing)
status information (runway visual range,

Complete concept development for Program
(RVR) data) (CDM Package #2) P P P g

Analysis/Selection Tool (PAST)

« Complete concept exploration for dynamic,

. ) o Complete concept development for the per-
SUA information capabilities

formance assessment and Compliance Moni-
) o ) toring capabilities
Collaborative decisionmaking.

« Complete prototype development and evalud=Y 2000 PROGRAM REQUEST:

tion of Control by Time of Arrival capabili- |5 Y 2000, the TFM R&D program will be in the

ties (CDM Package #2) final stages of providing the initial technical,

+ Complete protoye development of Post oISl and procedua entarcement t e
erations Evaluation Tool (POET) P g y

form the basis of an FAA/industry collaborative
« Complete concept development and evalugéecisionmaking environment. Concurrently, work

tion for Collaborative Routing CoordinationWill be maturing that will introduce significant
Tool (CRCT) additional data exchange, decision support, and

near-real-time analysis capabilities that will make
+ Complete concept exploration phase of ththe collaborative capabilities envisioned in the
Dynamic Density analysis function Free Flight concept a reality.
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A02a - Traffic Flow Management

Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

021-110 Advanced Traffic Management System

Completed Prototype Development (PD) Phase

FAA/Industry Data Exchange

Aircraft Situation Displayed to Industry
Data Exchanged for GDP Enhancements
Daily Download

Simplify Substitutions

Initial NAS Status Information (NASSI) data exchange (RVR data)

Enhance NASSI Data
Advance NASSI| Data Exchange

Collaborative Decision Making (CDM)

Flight Schedule Monitor (FSM)

Ration by Schedule (RBS)

Schedule Compression

Control By Time of Arrival

Collaborative Routing Coordination Tool (CRCT)
Interactive Flight Planning

Dynamic Density Monitor

NAS Flow Analysis Tools

System Impact Assessment (Scheduling)

System Impact Assessment (Miles in Trail/Routing)
Program Analysis/Selection Tool (PAST)
Performance Assessment

Compliance Monitoring

OO0

L 2R X 2K 4

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Personnel Costs
Other Costs

Total

962
2,107
431

1,355
2,195
450

2,986
0
0

2,332
916
39

2,880
2,435
143

3,500

4,000

2,986

3,287

5,458
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A02b Runway Incursion Reduction — Program moved to 1999 Aviation System Capital Invest-
ment Plan (CIP) as S09 Runway Incursion Reduction Program (RIRP)

Runway Incursion Reduction .

GOALS:

Intended Outcomes:Develop technological and
nontechnological solutions that minimize the

chance of injury, death and damage, or loss of

property due to runway accidents/incidents within
the civil aviation system. Reduce runway incur-

sions by 15 percent from 1997 baseline.

Agency Outputs:

Customer/Stakeholder Involvement: The Air

Develop low-cost airport surface detection
equipment.

Develop secondary surveillance capabilitie$
for the airport surface.

Develop conflict-alerting and data fusion
platform.

Investigate alternative options such as visual
aids (lights and signs), education, training,
and advisory circulars.

Traffic Requirements office has been actively in-
volved in developing requirements to meet objec-
tives of reducing runway incursions. Additionally,

the FAA Administrator's goal in her “Safere
Skies—A Focused Agenda” is to reduce runway
incursions by 15 percent in 1999, from the 1994
baseline of 318 incidents. Reducing runway in;

cursions is second on the National Transportation

Safety Board’s (NTSB) “Most Wanted List” of *
safety improvements. .

Accomplishments: The following R&D projects

were accomplished in FY 1998:

Completed final report of Raytheon x-band
radar at Milwaukee (Phase II)

Completed final report of self-organizing

Completed acoustics evaluation/de-installa-
tion at Phoenix

Completed joint FAA/NASA Runway Incur-
sion/Low Visibility Surface Operations Dem-
onstration at Atlanta

Received Runway Incursion Reduction Pro-
gram Mission Need Approval

Completed evaluation of two industry com-
mercial-off-the-shelf (COTS) low-cost airport
surface detection sensors

Received NAS change proposal approval for
Dallas-Ft. Worth

Completed final report of NASA Terminal
Area Productivity (TAP) Demonstration at
Atlanta

Completed installation of Vehicle automatic
dependent surveillance broadcast (ADS-B)
system at Dallas-Ft. Worth

R&D Partnerships:

Memorandum of Agreement (MOA) with
NASA for Low-Visibility Landing and Sur-
face Operations (LVLASO) demonstration in
Dallas-Ft. Worth

Research contracts on airport surface opera-
tions in reduced visibility

Raytheon (x-band radar)
Dassault (phased-array radar)
Sensis (Vehicle ADS-B)
Questech (safety algorithms)

General Working Agreement with Volpe Na-
tional Transportation Systems Center
(VNTSC)

Contract with AOPA Air Safety Foundation
Technology transfer

time division multiple access (STDMA) atCurrently, runway incursion reduction technolo-

Atlanta

gies—including low-cost radar, secondary sur-

veillance systems, conflict alerting systems, and

Completed final report of EL-AR Electronics

'other alternatives with various contractors—are

Ltd., frequency modulated continuous wavgeing researched. After system evaluation is com-

(FMCW)

pleted, specifications will be developed for solic-

Awarded contract to AOPA Air Safety Foun-iting competitive bids for production of success-
dation for general aviation (GA) pilots train-fully demonstrated systems. Periodic briefings to
ing and education video industry during the R,E&D phase will also be

2-10



conducted to inform industry of FAAs require-¢

ments for runway incursion reduction solutions.

MAJOR ACTIVITIES AND ANTICIPATED
FY 1999 ACCOMPLISHMENTS:

Dallas-Ft. Worth

* ASDE-3, Vehicle ADS-B, Surveillance Fu-
sion Platform (SFP) Integration

e Multilateration/ADS-B system (stand alone)

Low-cost surface detection equipment

1999 FAA NATIONAL AVIATION RESEARCH PLAN

FAA/NASA Runway Incursion/Low-Visibil-
ity Surface Operations Demonstration at Dal-
las-Ft. Worth

Implementation of activities consistent with

the 1998 Airport Surface Operations Safety
Action Plan, including Runway Incursion Ac-

tion Team (RIAT) meetings

Development of specification for low-cost
surface detection equipment

Surface Automation Research and Development

» Complete test and evaluation and prepare {POALS:
Intended Outcomes: The FAA intends to im-

nal report for Dassault ASDE-X

e Complete test and evaluation and prepare
nal report for Raytheon ASDE-X

duction alternatives
Air Traffic
* Runway Incursion Action Teams
* Program Implementation Plan (PIP)

ing
« Human factors studies

 Tower Simulators

KEY FY 2000 PRODUCTS AND MILE-
STONES:

i

iy,

rove the level of safety, increase airport capac-

and reduce costs and delays for aircraft oper-

ating on the airport surface by developing new au-
» Continue testing technology prototypes intomation, communications, and information dis-
cluding low-cost radar, conflict alerting sys-tribution capabilities. These capabilities augment
tems, and other potential runway incursion resperational decisionmaking processes and im-
prove situational awareness of surface operations
under all visibility and weather conditions.

SMA will provide air traffic controllers, airline
ramp managers, and airfield operators with un-
precedented advisory and information sharing to
 Airport modeling/data reduction/facility test-help minimize congestion and reduce delays on
the airport surface. Recipients of this information-
sharing will be able to make informed decisions
in managing airport surface resources. Specific
SMA goals include:

* Full System RIRP prototype demonstration at

Dallas-Ft. Worth

« FAA/NASA RIRP/LVLASO demonstration
at Dallas-Ft. Worth

« Air traffic activities including regional train-

ing, modeling/data reduction/facility testing,
human factors initiatives, and industry con’

ferences

FY 2000 PROGRAM REQUEST:

las-Ft. Worth Prototype Demonstration,

Facilitate an electronic exchange of flight
critical information among airlines, air traffic
control personnel, and airport operators

Provide dynamic real-time data to help in-
crease efficiency of ground movement opera-
tions

Predict surface events that impact operational
decisionmaking

Help achieve at least 10 percent decrease in
taxi-out delays

This coordination will improve safety by mini-
mizing the risk of collisions and increasing the ef-
* In FY 2000, funding will provide for the Dal- ficiency of aircraft movements on airport runways

inand taxiways. It will help meet system capacity

corporating real-time seamless surface suneeds by reducing constraints/limitations at the
veillance with data fusion, conflict alerting,top level V delay/operationally impacted airports
call sign identification, and information shar-while improving the automated infrastructure to
ing with air traffic controllers, pilots, and ve- provide capacity-enhancing technologies and pro-
cedures. It will also create capabilities that ensure

hicle operators.
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safe separation while imposing minimum cons
straints on system users.

Low/zero-visibility tower environment R,E&D
will develop augmentations to the air traffic tower
environment that can provide an operationally
useful, enhanced or synthetic view of the airport
surface during periods of low- or zero-visibility.
This will lead to improved safety and increased

The R,E&D program has involved the cus-
tomers and stakeholders from concept explo-
ration through development of a prototype
system at Atlanta Hartsfield International Air-
port. air traffic controllers, airport authority,
and aircraft operators have contributed to de-
fining the functional performance of surface
automation tools and have participated on the
program design and management teams.

use of airport surface capacity under low or zergccomplishments:

visibility conditions, and ensure that the airport
surface capacity is adequate to manage the in-
creased aircraft landing rates expected in the fu-
ture. .

Agency Outputs: The surface automation re-_
search and development program will produce
new tower surface management functions artd
technologies, which will be validated in pre-pro-
duction prototype systems in an operational
tower/airfield environment. Included will be as-.
sessments of airport operational effectiveness,
performance, and benefits to assist in the invest-
ment decisionmaking process. These activiti€s

Completed SMA concept evaluation and de-
velopment

Installed SMA prototype at Atlanta Hartsfield
International Airport (2/96)

Brought airport/ramp towers on-line (7/96)

Completed Support Command/National Air
Traffic Controllers Association (SUPCOM/
NATCA) testing and initial evaluation (9/96)

Began operational assessment (10/96)
Completed operational assessment (05/97)
Completed SMA benefit analysis (10/97).

will result in functional packages and specificaR&D Partnerships: The R,E&D program is be-

tions that can be transferred for implementatioing conducted in close partnership with the
on the appropriate tower automation platformiNASA through the interagency ATM integrated
This program will also result in new air trafficproduct team (IPT), a joint research and technol-
control, airline, and airport operating proceduresgy development program managed coopera-
for managing aircraft on the airport surface. tively by the FAA and NASA. The NASA Ames

Research Center is a key participant in the pro-
The low/zero visibility tower environment gram’'s R,E&D activities.

R,E&D program initiatives will develo roto- . . . . .
brog P P %eneflts to air traffic operators include an in-

type systems that provide synthetic views of th . . N
: . L Crease in terminal area situational awareness and
airport surface under all restricted visibility con-

ditions. This will lead to the definition of opera—reduced radio frequency congestion.

tional requirements, procedures, emerging teCftAJOR ACTIVITIES AND ANTICIPATED
nologies, and system requirements for continuoysy 1999 ACCOMPLISHMENTS:

operations under all visual conditions. . Sustained operational SMA prototype at

Atlanta Hartsfield International Airport
Customer/Stakeholder Involvement:

* The R,E&D program commits the FAA to in-éEél\llzgsz,ooo PRODUCTS AND MILE-

creasing airfield safety and reducing runway _ _
incursions. » Sustain SMA prototype at Atlanta Hartsfield

International Airport
» The surface automation R&D involves the
airlines and airport operators through an urf-Y 2000 PROGRAM REQUEST:
precedented sharing of dynamic, operation- Sustain SMA prototype at Atlanta Hartsfield
ally critical information. International Airport
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A02b - Runway Incursion Reduction

Product and Activities

Program Schedule

FY 1999| FY 2000 [ FY 2001| FY 2002 |FY 2003 | FY2004

021-200 Surface Automation Research and Development
Sustain SMA Prototype at Atlanta Hartsfield International Airport

Surface Movement Automation Research and Development

Start User-Driven Collaborative Departure Scheduling Concept
Development

Start User-Driven Collaborative Departure Scheduling Prototype
Testing

Start Integration of SMA With Other ATM Functionality's Concept
Exploration

Start Integration of SMA With Other ATM Functionality's Concept
Development

Start Integration of SMA With Other ATM Functionality's Prototype
Development

Start Low Visibility Concept Exploration

Start Low Visibility Concept Development
Start Zero Visibility Concept Exploration

Start Zero Visibility Concept Development

021-250 Runway Incursion Reduction
Runway Incursion Plan
Update Project Plan

Complete Prototype Testing of Technologies
Phased Array Radar (Norfolk)

Select System(s) for full-scale validation testing
FMCW Radar
S-Band Radar
Phased Array Radar
Secondary Sensors
Data Fusion
Solution Implementation
Select System(s) for Acquisition
Develop the Final R,E&D Project Report
Complete Acquisition Specification

Contract Award

1% 1% 1% < 1%

<

SO0

S0

Budget Authority
($ in Thousands)

FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
Enacted | Enacted | Enacted | Enacted | Request

Contracts
Personnel Costs
Other Costs

Total 4,000 6,000 6,000 3,168 4.082

2,457 4,950 5,696 2,269 2,978
1,281 872 252 870 1,044
262 178 52 29 60

2-13



1999 FAA NATIONAL AVIATION RESEARCH PLAN

A02c System Capacity, Planning and Improvements —Program moved to 1999 Aviation System
Capital Investment Plan (CIP) as M08 Continued General Support — Aviation System Capacity Plan-
ning]

GOALS: ing cost effects of all suggested redesign alterna-

Intended Outcomes: The FAA intends to de- UVES- Results include:

velop an overall strategy to enhance capacity. The redesign of Salt Lake and Dallas-Ft.
This includes both terminal and en route airport Worth terminal airspace

and airspace assessment of procedures and caRac-New arrival routes to Los Angeles and Las
ity-related technologies. It also includes develop- \egas International Airports

ing a performance measurement system for the air
traffic system to measure FAA progress against
customer expectations. Th's strategy allows pro- way, at the request of the Minnesota State
grams and projects, coordinating across budgetary Legislature

lines, to improve investment decisionmaking to

achieve optimal strategic and operational results: ~Annual savings to the aviation industry at air-
ports and en route facilities estimated
Initiatives are implemented in aviation system ca- between $450-$500 million annually

pacity planning to increase the number of aircra
operations per hour, reduce both en route and t
minal airspace delays, reduce controller workBecause it can impose capacity restrictions at ma-
load, and increase savings. As a result, the FAfr airports, weather is the most dominant influ-
and the overall aviation community, will experi-ence on air transportation. Although many air-
ence lower maintenance/operating costs. Thprts are equipped with multiple runways (many
program: (1) complies with the Congressionatonverging), their resources become extremely
mandate to produce airport improvement plansgstricted due to associated weather minima. The
(2) responds to the aviation industry’s high-prioreapacity program establishes criteria to develop
ity initiatives for increased capacity; (3) respondand improve simultaneous converging instrument
to the Presidential Commission on Improved Airapproaches and has achieved the following re-
line Competitiveness recommendations; and (4)lts:

complies with the GPRA of 1993 and Executive
order on infrastructure investment requirements.

Airspace suggestion changes to Minneapolis/
St. Paul, based on construction of a new run-

g_edictability

Reductions in the approach minima, ensuring
an average capacity gain of 30 arrivals per

Agency Outputs: To comply with GPRA, ATS hour

has developed four areas of capacity-related out- Fundamental increases in the predictability of
comes: flexibility, predictability, access, and de- the system

lay. These outcomes provide guidance and .a yse (anticipated) of GPS

framework to enable any ATS R,E&D program tq
successfully increase the value of services and, in
parallel, reduce the cost of these services to the
public. The capacity program strictly adheres téccess

the guidelines of the following four areas: In the capacity program, the outcomes of predict-
ability (the ability to land at a particular airport)
and having access to that airport, are often consid-
The FAA estimates that each year operators expered the same thing. Work required to accomplish
rience a minimum of $558 million in inefficien- these outcomes, however, is different. Predictabil-
cies in the terminal and en route airspace. The déy establishes approaches to increase capacity un-
pacity program provides models and simulationder certain weather conditions. Access models
that assess present shortfalls within the subjesitnulate new technologies and procedures to en-
airspace. These models and simulations determigigre that these technologies are compatible for the
the delay, travel time, sector loading, and operairport in question. Examples include:

Combined savings (estimated) to the air carri-
ers $40 million annually

Flexibility
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* Precision Runway Monitor—for closely Efforts are underway to accommodate New
spaced parallel runways with center lines sep- Large Aircraft into the operational environ-
arated by 3,000 feet (reduced from 4,300 feet) ment.

* Reduced separation of 2.5 nmi on final aprhe FAAS airport and airspace design programs
proach (reduced from 3.0 nmi) have the dual objectives of (1) addressing tactical
» Dependent staggered approaches to closeiyprovements, which respond to industry require-
spaced parallel runways; stagger angle 1rhent shifts, and (2) large-scale investment analy-
nmi sis and optimization planning. The process prob-

. Offset Approach Course guidance for simull€m is identification at the local (regional) level

taneous operations at San Francisco, Newa(ith a high degree of coordination among af-
and St. Louis airports fected facilities and user groups. Various pro-

sed solutions to the problems are simulated,
d the results are then compared to make intelli-
gent investment decisions.

» Converging approach standards at Chicaggjg
O’Hare International Airport

Delay Example

The major capacity program emphasis is to mini-

mize the impact of airport and airspace delay o_(Hn the Dallas-Ft. Worth Metroplex project, whlch

the overall NAS. One primary program focus i$nvo|ved substantial AIP, F&E, and operational

responding to near-term, airport-driven capacitf?vestment, the effects on the system of several
issues. It is projected that by 2004, 29 of the toj'SPace structures, including a “do nothing” sce-
50 airports will experience 20,000 hours or morBario, were compared. Given the industry’s plan
of annual delay. This is cause for concern withif €xpand operations at Dallas-Ft. Worth, the FAA
the aviation industry. Delay reduction initiativesconcluded it was best to expand the airport. This

undertaken to date include: meant designing new airspace supported by up-
graded navigation and communications capabili-

* The capacity program has completed morges along with entirely new arrival and departure
than 50 airport enhancement projects. procedures. This approach enabled the commu-
e The program supports development of anity to construct a new runway and ground infra-
overall capacity strategy that considers airposdtructure. It also enabled the industry to schedule
and technology conduct, measurement, argtowth and capital investment.
assessment; and electronic tools develop- . o :
ment and application to aid in forming thatq-h's plan ms.tllled conﬁdence that ther_e would be
a return on investment since the revised system
strategy. - :
e could support anticipated demand. The industry
* Airfield improvements such as new runway$ing local community, therefore, could commit

and runway extensions, improved approacthis expanded service to the public. The cumula-

procedures, and new facilities and equipmeRl,e 20-year (1997-2016) estimated aircraft oper-

such as the precision runway monitor are bgging cost savings based on the Dallas-Ft. Worth

ing investigated. Metroplex, East Runway, and New West Runway
» The improvements producing the greatest ca 2003 is $13 Billion.

pacity increases, estimated delay reduction ]
and delay cost savings, are described and re ustomer/Stakeholder Involvement: Although

ommended for implementation in the final e FAA directs the entire capacity_program,_cu_s—
design plans tomers and stakeholders play active roles in its

) . success. Airport authorities from all concerned

* The top recommendations at any one airpOffimorts, air carrier representatives, aviation inter-
are estimated to save the aviation industyst groups, and FAA regional and local air traffic
$75-$100 million annually. control personnel are an integral part of every air-

* Since 1994, based on recommendations, Epace and airport capacity task force/project. Joint
new runways have been constructed at majévmerican/European airspace study through EU-
airports. ROCONTROL-Maastricht Center.
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The capacity program annually publishes the Avi-
ation Capacity Enhancement Plan to keep the avi- sion runway monitor, and other emerging
ation world informed of progress and advance-

international aviation community regularly re-

in academia also request the document for their

aviation studies.

As previously stated in “Goals,” the overall ca-

pacity program parallels the Congressional man- the Congressional mandate for GPRA. The

dates concerning airport improvement plans and FAA will participate in joint computer simu-
agency performance and results.

Accomplishments: Airport and airspace recom- :
mendations and redesign studies have produced a Automation Replacement System (STARS).
conservatively estimated $1.2 billion in savings te
the aviation industry. An accurate estimate is dif-
ficult because the improvements, either combined (SNI) Approach procedure.
or treated individually, are a direct cause of the

constant increase in traffic.

ing System, flight management system, preci-

technologies.
and business aviation aircraft in developing

The FAA will partner with NASA in using
performance measures developed by the ca-
pacity program for ATS in compliance with

lation modeling for TRACON systems in-
cluding the CTAS and the Standard Terminal

NASA Short Haul Civil Tiltrotor simulation
of proposed Simultaneous Non-Interfering

MAJOR ACTIVITIES AND ANTICIPATED

FY 1999 ACCOMPLISHMENTS:

Prototyped and tested the initial system per-
formance measures

Completed more than 50 major airport stud-

Continuously conducted research to develop,
refine, and/or enhance high-level outcome
performance metrics; integrated these metrics

ies--some of which have been updated due 10 jnto processes supporting GPRA require-

growth (Estimated annual savings $75-$100
million per airport) .
Completed three major terminal/en route air-
space redesigns: (1) Salt Lake Terminal and
air route traffic control center (ARTCC), (2)
Dallas-Ft. Worth and Ft. Worth ARTCC, and’
(3) Northern California terminal radar
approach control (TRACON)

The program’s achievements reach beyond u.s.
airspace. Inquiries about our modeling and design

methods and requests for assistance have been re-

ceived from countries in Asia and Europe (i.e.,
Schipol International Airport, Netherlands, and
the new International airport in Seoul, South Ko-
rea).

R&D Partnerships:

In accordance with the annex of the memao;
randum of understanding between the FAA
and Eurocontrol, the capacity program has es-
tablished a joint airspace technologies and ift-
itiatives group to modernize international avi-
ation. The intended outcome is to meet com-
patibility requirements between the Unitec
States and the rest of the aviation world in
such areas as Free Flight, the Global Position-
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ments and investment decisionmaking

Completed redesign of Salt Lake City termi-
nal and ARTCC airspace in preparation for
the 2002 Winter Olympics

Initiated Offset Approach Course guidance
for simultaneous operations at San Francisco,
Newark, and St. Louis airports

Develop new IFR approach and departure
concepts and procedures for improving the
safety and efficiency of operations at capacity
constrained airports

Identify the impact and develop proposed so-
lutions to the planned introduction of New
Large Aircraft in the NAS

Initiated converging approach standards at
Chicago O’Hare International Airport

Initiated Airport Design Studies at John F.
Kennedy and La Guardia airports

Initiated ground analysis at Phoenix Sky Har-
bor International Airport; completed at Las
Vegas and Salt Lake airports

Initiated redesign of Phoenix Sky Harbor ter-
minal airspace and Albuquerque and Seattle
ARTCC's



KEY FY 2000 PRODUCTS AND MILE-
STONES:

1999 FAA NATIONAL AVIATION RESEARCH PLAN

Initiated efforts to accommodate New Large Redesign Honolulu and Phoenix terminal air-
Aircraft into the operational environment space and Albuquerque and Seattle ARTCC’s

Completed Newark, La Guardia, Bostons Continue analysis of new and/or additional
Tampa, and San Diego Airport Design Stud- performance measures for the national air-
ies space system

Initiated Airspace review for relocation of thef:Y 2000 PROGRAM REQUEST:

Honolulu Center Radar Approach Contro ] )
(CERAP) In FY 2000, the program will focus on capacity

- ] ) ] enhancement at all major airports as well as on
Initiated Airport Design Study at Baltimore-tarminal and en route airspace. Primary focus ar-
Washington International Airport eas are: (1) airports where construction of sug-
gested improvements can be completed within 2
to 3 years; and (2) air traffic radar facilities where
_ _ airspace redesign reduces controller workload and
Continue developing new IFR approach angrovides the aviation industry with additional
departure concepts and procedures flexibility and predictability during flight.

dentify and develop proposed solutions to inf, 4 4gition, the program will continue to fine tune
tegrate New Large Aircraftinto the NAS 5 yraffic system performance measures. These
Complete airport design studies at JFK andfforts will concentrate on reducing the cost of
Anchorage and ground analysis at Phoenservice delivery by targeting and coordinating in-
Sky Harbor International Airport vestments across appropriations.
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Program Schedule

A02c - System Capacity, Planning and Improvements
Product and Activities FY 1999 FY 2000 | FY 2001| FY 2002 |FY 2003 [FY2004
024-110 Aviation System Capacity Planning
Enhance/Design Plans & Consolidated Ops & Analysis Systems
Aviation Capacity Enhancement Plans (Annual) ® O O O & &
Regional/Airport Design Team Plans & o) o)
Performance Measurement/Government Performance Results Act * O O o < <
Airspace/Airport Analysis
Completed Airspace Redesign Las Vegas, Salt Lake Terminal & <
ARTCC
Redesign or Analysis of Phoenix, Seattle ARTCC & Albuquerque < O O
ARTCC
Integrated Measures into the Budget Process and GPRA O
Performance Reports for Investment Decisions Lo Lo Lo Lo
Facilities Airspace in Preparation for 2002 Winter Olympics <
Completion of Newark, Las Vegas, Boston, and San Diego Airport L 4
Design Studies
Analysis of New and/or Additional Performance for the National ko3 ko3 ko3 ko3
Airspace System
Ground Analysis of Phoenix Sky Harbor International Airport 3 ko3
Anchorage Design Team Project L 2 <o
Analysis of Low Level Routes Between Northern and Southern [ IS
California
Ground Analysis For Pittsburgh and Kansas City Airport ko3 ko3
San Francisco Ground Task Force <o o <o
Development of Simultaneous Offset Instrument Approach for San 3 O O o)
Francisco, St. Louis, and Newark Airports
Converging Approach Standards at Chicago O’Hare Airport 3 O ko3
Accommodate New Large Aircraft into the Operational * o o O O O
Environment
023-120 Separation Standards
Reduced Horizontal Separation Minimization
Complete Annual Regional Traffic and Aircraft Performance ® O O o o o
Monitoring & Analysis
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 3,602 3,676 1,354 228 6,064
Personnel Costs 4,480 4,377 2,196 2,408 2,891
Other Costs 918 897 450 364 268
Total 9,000 8,950 4,000 3,000 9,223
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A02d Cockpit Technology— Program moved to 1999 Aviation System Capital Investment Plan
(CIP) as M37 Cockpit Technology

GOALS: close collaboration with industry and govern-
Intended Outcomes: The FAA intends to im- Ments.

prove system safety by upgrading a viable aiEustomer/Stakeholder Involvement: The FAA
borne collision avoidance capability to mitigatehas developed TCAS in collaboration with the do-
the risk of mid-air collisions. mestic and international aviation communities. In

The Traffic Alert and Collision Avoidance Sys-Particular, the R,E&D effort supports RTCA Spe-

tem (TCAS) is an avionics capability to warn picial Committee (SC) 147 and the ICAO Second-
lots of proximate aircraft and to provide informa&'y Improvements and Collision Avoidance Sys-
tion and guidance for collision avoidancetem (SICAS)_PaneI in their efforts to fmah;e do-

TCAS | provides traffic advisory information in- mestic and '|nternat|onal standards for airborne
dicating the range, bearing, and altitude of intrudO!lision avoidance systems. RTCA SC 147 pro-
ing aircraft. Pilots use this information to visuallyvides the principal forum for collaboration among

acquire intruders and maintain separatiof?dustry, aircraft operators (i.e., TCAS users), and
TCAS Il provides traffic advisory information asPAA representatives in developing technical stan-
well as resolution advisories in the vertical planélards for avionics. It also provides the principal

Resolution advisories indicate maneuvers (e.gneans for transferring TCAS technology to in-
“climb”) for collision avoidance. dustry.

Agency Outputs: The FAA provides the techni- The FAA TCAS program responds to the require-

cal characteristics (technical standard orders) fgfents of Public Laws 100-223 and 101-236,

TCAS avionics and certification guidance (adviyvhich establish requirements and time frames for

sory circulars) for installation and operation of th&" carrier equipage with TCAS II. TCAS [ also
system. The R,E&D program develops the technf€SPonds to CFR 135.180.

cal and operational information to support thesethe TCAS program will directly support the
products and is working with the TCAS user cOmRTCA Free Flight Action Plan, Future Air Navi-
munity to collect and analyze data to maintain angation System (FANS) implementation, reduced
enhance TCAS. aircraft spacing standards, oceanic operation, and

Currently, the principal focus of the TCAS pro-in'tra” climb.

gram is completion of the design and implementdacAO has been closely monitoring and assisting

tion of Change 7 to TCAS Il. This change incorin TCAS development for many years. Based on
porates more than 300 detailed modifications tCAS success in the United States, EUROCON-
the surveillance and collision avoidance algofROL has mandated the use of TCAS in Euro-

rithms and displays in TCAS Il avionics equippean airspace in the year 2000. Australia has a
ment. These changes have been developed basidlilar mandate in place for 2000. Several Pacific

on 8 years of TCAS Il operation in the UnitedRim countries (e.g., Japan, India) will also man-

States and Europe and have been developeddite use of TCAS. The FAA is supporting these

partnership with industry and users. TCAS Ihctivities.

Change_: 7 has also been_selected bY !CAO as tRgcomplishments TCAS Il has been installed
worldwide standard for airborne collision avoid-

: : : . _on all commercial aircraft operating in U.S. air-
ance. Timely implementation of Change 7 is es: :
. . . space with more than 30 passenger seats. TCAS |
sential for the continued safe and effective eni- o SO
lovment of TCAS I or TCAS Il is installed on all commercial aircraft
ploy ' with 10 to 30 passenger seats. The U.S. military
The second annual report of TCAS activity willhas begun installation of TCAS Il on all large
be provided to all interested organizations to rdransport category aircraft (e.g., C-130, C-147,
view ongoing progress and update future activitkC-135, KC-10, etc.) The FAA is working with
The FAA will develop and implement plans forthe services to ensure that their unique military re-

future applications of TCAS (e.g., Free Flight) imquirements for TCAS are met. More than 15,000
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aircraft around the world have TCAS systems omCAS Il
board; about 180 million hours of system opera- . i .
tions have been accumulated. TCAS has bed&n Continue support to industry and the interna-
credited with averting near midair collisions in a  tional community to resolve TCAS Il imple-
significant number of documented encounters. mentation and user issues; identify sp_ecmc

: . L functional TCAS parameters and algorithms
R&D Partnerships: The FAA is coordinating

L . ; that require modification to permit safe and
TCAS program activities with related interna- S - )
tional efforts through ICAO and EUROCON- ﬁgﬁ;uvi)ggljrrgsn;igﬁnagflzr;gév:i'r(;topera
TROL. A principal consequence is that technical P ' g
standards finalized by RTCA SC 147 have been Prepare second summary report on the opera-

incorporated into ICAQO standards and recom- ion and effectiveness of TCAS Il Change 7
mended practices that will be used worldwide.

ICAO member states, primarily the United King-,:Y 2000 PROGRAM REQUEST:

dom and Germany, have worked and are working

with the FAA on a number of critical develop-In FY 1999, the user community began major im-

ments to ensure that TCAS operates properly lementation of Change 7; this effort will con-

their airspace. tinue in FY 2000. While FAA does not fund this

MAJOR ACTIVITIES AND ANTICIPATED implementation a_ctivity, FAA resources are re-

FY 1999 ACCOMPLISHMENTS: quired to resolve issues associated with Change 7
installations.

TCAS |

e Completed TCAS I transition program

« Continued data collection and analysis to su
port TCAS | implementation

Data analysis efforts supporting TCAS | and
TCAS Il will continue. These efforts use informa-
Rion provided by industry, users, pilots, air traffic
controllers, and FAA facilities describing techni-

TCAS I cal and operational difficulties experienced dur-
« Began implementing Change 7 within thdng system implementation. A team of TCAS pro-
user community gram experts follows up on every event reported

« Initiated data collection and analysis to SUIOt_o identify both the source of the difficulty and a

port Change 7 implementation remedy to prevent its occurrence. This analysis

. . and follow-up activity has been essential to the
» Continued support to industry to resoIvesuccessful introduction of TCAS into operational
TCAS Il implementation and user issues P

. service.

e Issued first annual report on TCAS I

Change 7 performance Working jointly with industry and the TCAS user
KEY EY 2000 PRODUCTS AND MILE- community, the FAA will initiate an effort will to
STONES: define the specific changes to TCAS, which will

be necessitated because of future changes in ATC

TCAS | operations. This project element will be coordi-
e Continue support for TCAS | implementationnated with ongoing Free Flight efforts and related

and use by industry work at NASA.
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Program Schedule

A02d - Cockpit Technology
Product and Activities FY 1999 FY 2000 FY 2001| FY 2002 |FY 2003 [FY2004

022-110 Traffic Alert & Collision Avoidance System (TCAS)
TCAS |
Completed TCAS | Transition Program

Continued Data Collection and Analysis to Support the
Implementation of TCAS |

Continued Support for Implementation and Use of TCAS |
by Industry

TCAS I

Began Implementation of Change 7 Within the User ®
Community

L 2R 4

Initiated Data Collection and Analysis to Support Change 7 L
Implementation

Continued Support to Industry to Resolve TCAS Il *
Implementation and Use Issues
Completed Summary Reports on TCAS Il Change 7 L
Continued Support for Implementation and Use of TCAS Il o o
by Industry
Identify specific TCAS Changes needed to support new o
ATC procedures
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 4,256 1,032 1,765 0 1,219
Personnel Costs 1,804 1,633 1,913 1,000 1,498
Other Costs 370 335 392 0 139
Total 6,700 3,000 4,070 1,000 2,856
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A02e General Aviation and Vertical Flight Technology Program — Program moved to 1999 Avia-
tion System Capital Investment Plan (CIP) as M35 General Aviation and Vertical Flight Technglogy

GOALS:

Intended Outcomes The General Aviation and

Vertical flight terminal instrument procedures
(TERPS) efforts support the terminal flight arena.

Vertical Flight (GA&VF) technology program Low-altitude CNS research provides critical data

supports GA demands through applied resear nd evaluations for future low-altitude en route

and development, especially for communicationd” rastructure o support Free Flight. TERPS ca-

navigation, and surveillance (CNS) technologie?ab'“t'es facilitate implementation and use of ad-

These technologies support cost-effective air tr anced technology in the cockpit and at the con-

fic services, improve safety, and expand NAS ¢ rollers’ workstation for GA needs. These efforts

pacity and efficiency, especially where CNS sefre interrelated and support mutual requirements

vices are not currently available to GA usersv.v'thOUt duplication or added costs.

GA&VF. program products are integral to NASIntended Outcomes:The GA&VF R,E&D pro-
modernization. gram focuses on the outputs and products of the

General aviation is one of the most diverse arf@ger research efforts, as identified in the NAS
productive elements of aviation. In addition to thé\rchitecture planning process and major R&D
traditional single- and multi-engine airplanes, GArograms such as GPS Satellite Navigation. The
users fly experimental aircraft, helicopters, an®A&VF R,E&D efforts are not duplicated in
tiltrotors (known as “vertical flight aircraft”), these and other FAA R,E&D programs. The GA
business jets, and historic aircraft. The GA conffogram area is a collaborative and complemen-
munity includes lifesaving airborne emergencyary effort, tailoring the successes and achieve-
medical services (EMS) and law enforcement sef€nts of other, broader-scope efforts into afford-
vices, and is the first line of response in state ar@ple products and tangible benefits for GA. Out-
local disaster relief operations. The economic inf:omes of this program support the following stra-

pacts of GA are global, but no other nation in thtgic goals of the GPRA:

world produces more GA&VF aircraft and related

goods and services than the United States. GAiS a

Improved level of safetyATS R,E&D miti-

gross exporter of goods and services and provides 92t€s the risk of low-altitude airborne colli-

the U.S. economy a positive balance of payments
impact.

General aviation users currently rely on existing
procedures and air traffic services, but many can-
not take full advantage of them because of tech-
nological and economic limitations. Helicopters,
for example, must operate heliport-to-heliport to
support customers and the public more efficiently.
For example, they need different instrument ap-
proaches that curve and support deceleration to
land and depart from small landing areas.

The FAA GA&VF R,E&D program supports re-
search and development across the full spectrum
of GA operations. The program’s research areas
align with the most critical components for GA
participation in the NAS-terminal operations: en
route communications and navigation, landing fa-
cilities, airmen and controller training, and low-
cost avionics.
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sions by adapting affordable GPS-based sur-
veillance technology at GA airports, heli-
ports, popular resorts and national parks, and
in congested terminal areas. This is done by
providing traffic information directly to the
GA pilot via cockpit displays of traffic infor-
mation (CDTI).

Improved flexibility: The ATS R,E&D pro-
gram goals ensure a collaborative and fully
integrated air traffic control system. Free
Flight technologies and procedures are ideally
suited to allow GA users to operate at alti-
tudes, speeds, and routes that provide more
support to their missions and recreational
uses. The GA&VF R,E&D program identi-
fies, develops, and evaluates technology to
satisfy user needs and support the overall
goals to maintain a fully integrated air traffic
control system focusing on GA use of Free
Flight procedures.
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» Improved predictability With more access to Rotorcraft IFR procedures and infrastruc-
weather services via data link and short-termure development

weather information to GA users, ATS
R,E&D allows more aircraft to operate safely
in close proximity during periods of reduced
visibility and adverse weather conditions.

* Reduced delayShis program researches and
develops technology and procedures that en-
hance the utility of GA facilities. It comple-
ments the goals of the air traffic management
program and traffic throughput automation
systems. Affordable and effective non-radar
navigation and communication systems (in-
stalled at the more than 17,000 GA airports)
will attract more GA users to these facilities
and away from the busier hub airports. Also,
providing increased IFR capabilities at these
airports will reduce GA users’ demands at
major hub airports during periods of bad
weather and poor visibility.

* Improved accessThis program is a key ele-
ment in the ATS R,E&D strategic goal to
make access to navigation and landing ser-
vices nearly universal. GPS makes accurate
navigation and landing signals available in
the large volume of low-altitude airspace not
currently covered by land-based landing sig-
nals. Investing in the development of GPS in-
strument approaches planned for use at major
medical trauma centers and hospitals nation-
wide will save hundreds of lives each year.

 Reduced costsThis major ATS GA&VF
R,E&D program goal contributes to overall
goals of eventually phasing out the expensive
ground-based infrastructure. The application
of low altitude CNS equipment contributes to
this cost savings.

Agency Outputs: Although the private sector de-
signs and develops specific technologies to ac-
complish these outcomes, the ATS R,E&D GA
program helps generate design criteria, publish
advisory circulars and training documents, and
provide for collaborative technology integration
with the current and future NAS. This program
area also provides technical and management ex-
pertise to establish highly successful partnerships.

This research emphasizes the following efforts:

The Vertical Flight Precision GPS TERPS
project is the primary effort producing new
precision instrument approaches at heliports
and GA airports using GPS. This effort is the
key R&D component supporting the overall
GPS Satellite Navigation effort leading to full
operating capability (FOC) for rotorcraft as
part of WAAS. Because existing IFR instru-
ment approach criteria are based on airplane
performance characteristics, these existing
IFR approaches do not support most of the
missions demanded by IFR helicopters.

This project develops criteria and design
parameters that provide more effective and
affordable instrument approaches to hospitals
and corporate and urban business district heli-
ports. Outputs include vertical flight TERPS
criteria; certification procedures for potential
supplemental-type certificates (which permit
existing aircraft to add new technologies
safely); IFR EMS procedures; and IFR EMS
training guidelines and design standards such
as minimum operational performance stan-
dards, minimum aviation system performance
standards and technical standard orders.
These standards, advisory circulars, and
guidelines support planned implementation
over the 5-year (1998-2002) schedule for up
to 10 medical trauma centers, 150 commer-
cial heliports, 5 DOD aviation facilities, and 3
vertiports (slightly larger heliports designed
to accommodate the new civil tiltrotor air-
craft).

This program area supports joint DOD and
manufacturers’ research. The research evalu-
ates cockpit displays design standards and
symbology, air traffic procedures, and air-
space requirements for new vertical flight air-
craft (i.e., the BB-609 civilian tiltrotor, as
well as the military V-22 Osprey tiltrotor).

The low-altitude CNS infrastructure projects
produce route system guidelines, cockpit dis-
play guidelines, noise abatement procedures,
terminal and en route system integration
plans for low-altitude CNS operations, and
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cost-benefit analyses to improve NAS effi-Air and ground infrastructure development
ciency and safety. « Completed initial flight testing for CAT |

Customer/Stakeholder Involvement: The GA GPS precision approach TERPS criteria
program directly supports goals and programs de- Completed initial planning for the Alaska low
lineated in Challenge 2000, the Aviation Safety altitude demonstration project

Plan, the RTCA Free Flight Action Plan, and Completed obstacle rich environment report
NAS architecture development. The program em-  (September 1998)

phasizes GA&VF community’s direct needs (heli,

copters and tiltrotors). Developed and published the advisory circu-

lar, Integrating Rotorcraft Assets into Disas-
In setting a “zero accidents” goal, Challenge 2000 ter Relief Planning

found that between 1986 and 1994, GA opera- Coordinated development of the advisory cir-
tions accounted for the greatest number of acci- cularVertiport Design Guide

dents in the NAS (44,102 of 48,164 accidents re-

corded by the NTSB were attributed to GA). BeClivil tiltrotor technology analyses

cause flight crew problems accounted for 19,388 Initiated action to introduce tiltrotor technol-
GA accidents, the GA program targets flight crew ogy into the NAS planning process

training as a key research element. Other impor-

tant causal factors were environment (7,146) artjcraft avionics for single-pilot IFR

facilities (4,867). * Coordinated and implemented agreement
with EAA to jointly explore advanced tech-
nology avionics for single-pilot GA aircraft

Conducted installation and flight test of
advanced technology for avionics by GA air-
craft in experimental GlaStar aircraft

The Aviation Safety Plan calls for “implementa-
tion of a GPS-based ADS capability . . . that the
FAA deems appropriate.” The plan sets goals for
training airmen and operational personnel in us-
ing new technology and for upgrading practical
testing standards. The plan identifies goals f&®&D Partnerships: Historically, the GA&VF
GPS-based category CAT I, Il, and Ill landing caR,E&D program has had a unique R&D partner-
pability. Work is underway to research rotorcrafship with industry. A partnership of 12 private
GPSCAT | procedures. Specific stakeholders irsector companies and corporations, working to-
clude: gether with GA&VF program teams, developed
the initial GPS nonprecision approaches for rotor-
craft. The successes of Operation Heli-STAR, an
* American Helicopter Society applied technology proof of concept demonstra-
« National Business Aircraft Association tion conducted as part of the 1996 Summer Olym-
pic Games, were due to the effective teamwork of

over 230 individuals from over 30 public and pri-
* General Aviation Manufacturers Association yate organizations.

+ Small Aircraft Manufacturers Association  This partnership has now evolved to an even
« National Association of State Aviation Offi- higher and more efficient level of integration.
cials Working with the various lines of businesses

« Association of Aeronautical Medical Serviceé"”th'n FAA (AFS, ATS, ASC, ASY), the
GA&VF program is now guided by top level pol-

* National Emergency Medical Services Pilot§ey and technical direction from the Administrator
Association and Associates. Further, the GA&VF program is

e Airborne Law Enforcement Association the product of very close planning and implemen-
o ~ tation by the two major CNS research and acqui-

Advanced General Aviation Transport Experi-  sjtion product teams, the Satellite Navigation

» Helicopter Association International

* Experimental Aircraft Association

ment Product Team (AND-730) and the GA&VF Prod-
Accomplishments: Following are FY 1997 and uct Team (AND-710), to maximize accomplish-
FY 1998 accomplishments: ments and preclude duplication. Also, the William
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J. Hughes Technical Center and the Rotorcraft Develop and publish design and training
Certification Directorate are now an integral part guidelines for installation and use of ad-
of the overall team. vanced avionics for single-pilot IFR based on

MAJOR ACTIVITIES AND ANTICIPATED

GlaStar demonstration flight-testing

FY 1999 ACCOMPLISHMENTS: e Publish initial civil tiltrotor infrastructure

Publish CAT | GPS precision approach Planning requirements (terminal operations)
TERPS criteria for WAAS for integrating CTR aircraft into urban and

Continue GlaStar Advanced Avionics flight congested terminal areas

test and demonstration evaluations for single- !
pilot IFR operations ¥Y 2000 PROGRAM REQUEST:

Develop Civil Tiltrotor Infrastructure Devel- *  Continue FAA research to safely and effec-
opment Plan tively introduce tiltrotor technology into the
Develop EMS IFR infrastructure develop- NAS

ment plan that will support GPS IFR operas  Continue research leading to establishing
tions at hospitals and trauma centers as part of CAT 11/l GPS precision approach TERPS

S-year program criteria for vertical flight aircraft operations
KEY FY 2000 PRODUCTS AND MILE- « Continue research supporting use of advanced
STONES: avionics (including GPS navigation and sur-

Establish joint FAA/DOD low-altitude routes  veillance systems) for single-pilot IFR opera-
system testbed at Quantico, Va tions
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Program Schedule

A02e - General Aviation and Vertical Flight Technology
Product and Activities FY 1999(FY 2000| FY 2001|FY 2002 |FY 2003 [FY2004

022-141 Low-Cost Avionics
Single pilot IFR Advanced avionics for GA&VF

Developed flight test plans for small airplane and helicopter L 2

advanced avionics applications

Conduct low altitude IFR corridor flight evaluations of WAAS o
based GPS navigation and non radar surveillance technology

Conduct EMS IFR flight evaluations using WAAS GPS <

022-142 Rotorcraft Instrument Flight Rules (IFR) Procedures
Air and Ground Infrastructure Development
Completed Flight Testing for Category (CAT) | GPS TERPS Criteria 2 J

Completed Obstacle-Rich Environment (ORE) Report L
Develop CAT Il Rotorcraft TERPS Criteria <o

Complete CAT Il & Continue CAT Ill GPS TERPS Research O

Civil Tiltrotor Technology Analyses

Develop Civil Tiltrotor Infrastructure Development Plan %

Initiate FAA Research to Safely and Effectively Introduce Tiltrotor <o
Technology into the NAS

Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000

($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 2,085 1,486 0 1,462 681
Personnel Costs 4217 925 0 1,240 1,716
Other Costs 88 189 0 200 123
Total 2,600 2,600 0 2,902 2,520
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A02f Safe Flight 21 — Program moved to 1999 Aviation System Capital Investment Plan (CIP) as
M36 Alaska Capstone Initiative/Safe Flight 21 (FICS 21)] and S10 ADS-B Ohio Valley Prototype
Project - Safe Flight 21

GOALS: 1.

Intended Outcomes:Safe Flight 21 is a govern-
ment/industry initiative designed to demonstratg.
and validate, in a real-world environment, the ca-
pabilities of advanced communications, naviga-
tion, surveillance, and air traffic procedures asso-
ciated with Free Flight. The program will be a
step in implementing any capabilities that prove
to be beneficial. Specifically, Safe Flight 21:

Evaluating the three ADS-B links

(1090MHz, UAT, and VDL Mode 4)
Conducting operational evaluations of the
nine operational enhancements identified
by RTCA:

— FIS for SUA status, weather, windshear, no-

tices to airmen (NOTAM), and pilot reports
(PIREP)

— Cost-effective controlled flight into terrain
(CFIT) avoidance through graphical posi-
tion display

— Improved terminal operations in low-visi-
bility conditions

« Enhances safety
* Increases system capacity and efficiency

» Maximizes user equipage costs and FAA op-
erational costs

e Addresses pilot and controller human factors
issues

— Enhanced see-and-avoid

— Enhanced operations for en route air-to-air

* Develops and assesses new operational proce-  communications
dures and associated training L
— Improved surface navigation

e Streamlines certification processes and proce-

dures. — Enhanced airport surface surveillance for
, . controllers
« Develops a cost-effective avionics and NAS ) ) )
infrastructure — ADS-B for surveillance in non-radar air-
, - " space
» Defines a realistic NAS transition path sup- P o _
ported by the user community — Establishing ADS-B-based separation stan-
dards

Agency Outputs: Safe Flight 21 is essential to
the risk mitigation and evolution of the NAS. TheCustomer/Stakeholder  Involvement: Safe
program will address the risks and challenges &fight 21 is the new name for the restructured
fielding the advanced communications, surveilFlight 2000 program that had many of the same
lance, and navigation systems, such as ADS-Brojected outcomes. The change, made in August
CDTI, Flight Information Services (FIS), and1998, resulted from inputs from the RTCA Select
TIS. Committee on Free Flight Implementation at the
. . request of the FAA Administrator. The Safe
e s o e Slgh: 21 progran s 3 oy cevelped program
plish the Safe Flight 21 objective: Thd is strongly endorsed by the RTCA Free Flight
' Steering Committee. The Safe Flight 21 steering
“To show that integrated CNS technologicatommittee includes RTCA Select Committee rep-
capabilities can provide functional enhanceresentatives from AOPA, ALPA, National Air
ments that will produce operational benefit§raffic Control Association (ATCA), Cargo Air-
and sufficient cost/benefit to justify imple-line Association (CAA), and U.S. Airways.
mentation. FAA policies and decisions ShOUI%\CCOI’n lishments:
be based upon the ongoing results of this pro- P '

gram.” .

This objective will be achieved through the fol-
lowing:

Established the Safe Flight 21 program office

Obtained FY 1999 funding to support the
CAA work and the Alaska Capstone program
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* Began work to provide details for risk mitiga-program in the Ohio Valley, which will support
tion activities, site locations, number of airthe CAA ADS-B evaluation work and the Alaska
craft required, cost, and schedule Capstone program:

R&D Partnerships: The Safe Flight 21 program.  procure and install ADS-B ground stations

is based on the principle that government and in- . .
dustry will share in the development of a globaﬂ Procure and install FIS and AWOS in Alaska

air transportation system as we move into the Free Procure and install avionics in FAA and
Flight era. Alaska aircraft (CAA provides avionics in

The FAA will partner the aviation industry in sup- CAA aircraft)

porting Safe Flight 21. This will allow the FAA to * Initiate operational evaluation of the first five

build on ongoing industry initiatives. It will also  ©f hine operational enhancements

allow industry and the FAA to fund avionics ane Initiate procedures development

ground systems. Safe Flight 21 will build on th R

Alaska and CAA activities by addressing: ¥ Evaluate the three ADS-B links

ADS-B technology issues KEY FY 2000 PRODUCTS AND MILE-
STONES:

» Cockpit human factors issues
« Use of FIS to receive weather and other inforAvionics and ground systems

mation e Complete the above procurement activities,
e An integrated cockpit display of terrain, traf-  as needed

fic, and weather information Engineering and operational evaluation
Work with the CAA will be addressed by a Coop- g g P i
Complete the Safe Flight 21 program plan

erative Research and Development Agreement
(CRDA). » Continue operational evaluation for the nine

Organizations representing controllers and com- operational enhancements

mercial and general aviation pilots are included in  Continue procedure development and certifi-
Safe Flight 21 planning and in evaluation of the cation tasks

operational enhancements and data link altern|e_1? 2000 PROGRAM REQUEST:

tives.

FY 2000 funding completes procurement of avi-
MAJOR ACTIVITIES AND ANTICIPATED onics and ground systems necessary for the opera-
FY 1999 ACCOMPLISHMENTS: tional evaluations. Funding also provides for the

During FY 1999, the FAA will accomplish the operational evaluation, procedures development,
following tasks to implement the Safe Flight 2land certification tasks.
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A02f - Safe Flight 21 (Capstone Initiative/Ohio Valley
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

025-150 Safe Flight 21 (Capstone Initiative/Ohio Valley)

Operational Enhancements
Provide Weather and Other Information to the Cockpit

Provide Affordable Means to Reduce Controlled Flight into Terrain
Improved Capability for Approaches in Low Visibility Conditions
Enhanced Capability to See and Avoid Adjacent Traffic

Enhanced Capability to Delegate Aircraft Separation Authority to
the Pilot

Improved Capability for Pilots to Navigate Airport Taxiways
Enhanced Capability for Controllers to Manage Aircraft and
Vehicular Traffic on Airport Surface

Provide Surveillance Coverage in Non-radar Airspace

Provide Improved Separation Standards
Data Link Evaluation
Program Management and Support

Flight Information Services Available (including Graphical
Weather)

ADS-B Surveillance and Separation Services Available
Micro-EARTS/ADS-B Modification Complete

®O ¢ 6 0090 0

CO OO OO0 00

CO OO0 OO0

O OO0

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

0

0

0

0

16,000
0
0

0
0
0

0
0
0

0
0
0

0
0
0

16,000
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A02g Operations Concept Validation — Program moved to 1999 Aviation System Capital Invest-
ment Plan (CIP) as M08 Continued General Support — Operations Concept Validdtion)

GOALS: » A system-level safety assessment of the oper-
Intended Outcomes:Integrated guidance will be f;’i‘ggnal concept and associated new capabili-

provided to the aviation community for the devel-
opment and transition to a modernized NAS, ir= A risk-mitigation plan to guide development
cluding system specification, roles and responsi- activities for new capabilities

bilities, and procedures, training, and certificatiom A human factors validation plan that provides
requirements. a comprehensive roadmap of activities to

The RTCA Free Flight Steering Committee, the ng}::le t:féenf;\/blguTgt'ﬁiniltmér\év\:\lllsbaengpce(;ﬁ:
FAAs RE&D Advisory Committee, the White troIIer;/ P 9

House Commission on Aviation Safety and Secu- '

rity, and numerous other members of the aviatichustomer/Stakeholder Involvement: The
community have called for development and valiRTCA Select Committee for Free Flight Imple-
dation of a Concept of Operations for Modernizanentation cooperates in operational concept de-
tion. This concept is to be used as the driver anvg¢lopment and validation. Its ATM Operational
the integration guidance for the transition fron€oncept Subcommittee participates to provide the
the current rigid procedures and outdated failingser perspective and detail into both the initial
infrastructure to a Free Flight environment. Thearrative as well as each additional layer of detail.
RTCA Task Force 3 provided the modernizedhe participation ensures that the concept reflects
NAS capability descriptions sought by the use#ser community requirements and is essential for
community. The validated operational concept dexalidating the concept for a modern NAS based
scribes how each part of the NAS, both grounadn a shared, integrated infrastructure.

and air, interacts to provide the capabilities Wh”ﬁccomplishments: The vision for the modern
transitioning to a new infrastructure iNvolVingNAS has been developed and published in the
planners, pilots, service providers, and SyStemS-Governmentllndustry Operational Concept for
Free Flight(RTCA, August 1997) and Concept
of Operations for the NAS Airspace System in
» A well-defined and well-understood “vali- 2005 (Air Traffic Services, September 1997).
dated” operational concept thoroughly deThese documents have provided guidance to the
scribed based on system modeling and simdevelopment of the NAS Architecture Version
lation 4.0. Additional details appear in the appendices to
this document.

Agency Outputs: The agency provides:

« Validated, integrated, configuration manage
requirements for the subsystems of the ne@tarting in FY 1999, activities to be initiated in-
target system to provide a coherent, compretude validation of concepts and associated top-
hensive framework to guide the associated réevel designs, risk-mitigation planning, and coor-
search and development activities (e.g., spéination of a validation plan with the human fac-
cific requirements for ADS-B capabilities, tors activity.

gggggethpﬂfonb?eer?ce;t capabilities, Advance&&D Partnerships: This work directly relates to

P T the FAA/INASA Memorandum of Understanding

» Top-level designs for the major new ATM ca{MOU) on ATM research and development. Work
pabilities and subsystems associated with thender this program is coordinated through the
operational concept (e.g., the ground-basgdint Integrated Product Team Plan to ensure
and airborne information infrastructures reNASA's efforts complement and are integrated
quired for modernization and the design of &nto the NAS Operational Concept. NASA con-
capability to dynamically tailor an air traffic tributes to the development and validation of
controller’s airspace responsibility to moreflight deck concepts and in the far-term ATM sys-
efficiently accommodate traffic demand) tem development.
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The Concept development and Concept Val|dat|Qn Develop task aSSlgnmentS and |nf0rmat|0n

effort is also coordinated with the European com- ;
o . rformance requirements for 201 ra-
munity via agreements with EUROCONTROL. pe ormance requirements for 2015 opera
tional concept

This effort ensures that unique solutions/transi-
tions are not developed in different quadrants ef Develop scenarios based on engineering tech-
the globe, which would impose an undue burden nical task analysis concept document for the
on U.S. carriers, manufacturers, and other partici- 2015 concept
pants in the global airspace system.

Concept validation
MAJOR ACTIVITIES AND ANTICIPATED

EY 1999 ACCOMPLISHMENTS: Develop test-bed for modernization

* Perform operational analysis, including fast-
Operational concept development time simulation

* Developed task assignment information and  conduct joint FAA/NASA/user concept vali-
information performance requirements based gation activities, including human-in-the-loop
on the operational needs and requirements gjmulations

concept document for 2005

» Performed engineering technical task analysgoncept system design

and developed related concept documents for Conduct analysis of en route sectorization
the 2005 mid-term strategies to support the midterm design for

» Developed scenario descriptions based on the Eastern Triangle

engineering technical task analysis conce !

document for the 2005 midterm ﬁl_tY 2000 PROGRAM REQUEST.
The FY 2000 request expands the initial opera-
Concept validation tional concept validation efforts to the point
where detailed information and performance re-
quirements will be established for several of the
« Performed operational analysis, includingnajor modernization initiatives, including the in-
fast-time simulation formation requirements for the Host software re-

o engineering activities. Human factors research is

* Conducted joint FAA/NASA/user concepleynected to establish the type, update rate, and
validation activities, including human-in-the-yispjay requirements. The facilities for human-in—
loop simulations the-loop will be upgraded to provide a fully con-
figurable test-bed for information performance
and requirements analysis. This capability will be
used to improve analysis of future controller team
configurations to meet traffic growth and evaluate
a horizontal versus vertical partitioning of NAS

« Develop detailed concepts for individual serairspace.

vice enhancement and domains to support the

development of system level requirements folreveraglng work is being conducted at NASA
modernization Langley for safety assessments, the methodology

for safety and reliability assessment for the joint

« Complete development of quantitative meaair-ground infrastructure, which will be used to

sures and goals for midterm concept capabilevaluate reliability and safety performance of fu-
ties ture concepts.

» Developed executable information flow tool

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Operational concept development
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A02g - Operations Concept Validation
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

028-110 Operations Concept Validation

Operational Concept Development
Developed Operational Needs and Requirements Concept
Documents for “2005”

Develop Roles and Responsibilities Based on the Operational
Needs and Requirements Documents for “2005”

Perform Engineering Technical Task Analysis and Develop
Related Concept Documents for “2005”

Develop Scenario Descriptions Based on the Engineering
Technical Task Analysis Documents for “2005”

Develop Operational Needs and Requirements Concept 2015

Develop Roles and Responsibilities Based on the Operational
Needs and Requirements Documents for “2015”

Perform Engineering Technical Task Analysis and Develop
Related Concept Documents for “2015”

Technical Task Analysis Documents for “2015”
Concept Validation

Develop Executable Information Flow Tool

Perform Operational Analysis, Including Simulation

Conduct Information Flow Analysis

Perform Human-in-the-Loop Simulation

Develop Test-bed for Modernization

Develop Distributed Simulation Standards & Database
Concept System Design

Conduct Analysis for End-to-End Certification for Mixed Ground
and Air Infrastructure

Conduct Analysis of Advanced Airspace Sector Design and
Dynamic Sectorization

Conduct Analysis and Develop Service Reliability
Methodology for NAS

Develop Scenario Descriptions Based on the Engineering “2015”

*® & o o

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

0

0

0

3,412
3,099
307

2,531
3,307
271

0
0
0

0
0
0

0
0
0

6,818

6,109
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A02h Software Engineering R&D — Program moved to 1999 Aviation System Capital Investment
Plan (CIP) as M28 Corporate Systems Architecture — Software Enginegring

GOALS: NAS. SERC also will evaluate and validate im-
Intended Outcomes: The FAA intends to im- Proved software processes, methods, and engi-

prove NAS and avionics safety and reduce NABeering tools that'enha.mce arc_hitecture, systems,
and avionics acquisition, development, and mail‘?‘—nd softvyare engineering, testing, and certifica-
tenance costs by developing and implementi?On functions over the life cycle of NAS systems.
improved software processes and procedurdgn@lly, SERC will bring together recognized ex-

These actions will directly benefit passengers rtj an% FAA g_ersgnnelf to ;OIVe pé°£$g75 re-
well as all elements of air transportation antft€d to the certilication of software, non-

greatly contribute to a safe, secure, and efficief€velopmental item (NDI), and the next genera-
NAS. tion architecture. This will transfer skills to and
increase the technical competency of the FAA
The FAA has been routinely criticized by theworkforce.
General Accounting Office (GAO) and theFoIIowin are specific focus and outcomes of
R,E&D Advisory Committee for its lack of soft- SERC ag lied regearch work:
ware competency in acquiring and maintaining PP '
software-intensive systems. Deficiencies in thiggftware certification research
area have increased cost and decreased quality of
new software-intensive systems. The agency has
placed a priority on this area because most current
and future NAS systems are software-intensive
systems. For example, eight of the nine high driv-
ers of change in the next 8 years, as identified by
the Office of the Associate Administrator for Re-
search and Acquisitions, involve adding or im-
proving software-intensive systems.

Processes for certifying software aspects of
safety-critical airborne and ground-based sys-
tems within the NAS Current certification
processes require a long leadtime and are
costly. Resulting delays affect the rate at
which aircraft can be equipped with modern,
affordable avionics and are a significant con-
tributor to the long leadtime required for NAS
modernization. This research is exploring
The FAA Software Engineering Resource Center promising techniques for streamlining the
(SERC), which was established in June 1998, will certification process without affecting levels
be a focal point for research on FAA software-in-  of safety.

tensive systems. SERC leverages government, 3c- processes for ensuring end-to-end safety and
ademic and industry resources by using interdisci- certification of integrated air and ground sys-
plinary teams, which need not be collocated. tems within the NASNAS air and ground
SERC is an FAA-wide resource that will address segments are becoming more integrated
strategic software technology problems that im-  through the introduction of new services such
pact mission performance and enhancement of g5 gata link. The current practice of separately
FAA in-house software/systems engineering com- certifying NAS airborne and ground compo-

petencies. The primary SERC facilities have been nents can no longer ensure safety of the inte-

Center and at FAA headquarters. Remote tie-ins vestigating and will validate different ap-
research sites such as NASA and the EUROCON- gessments and certification of the integrated

Agency Outputs: The principal products of This research will produce a series of guidelines
SERC efforts will include a series of standardsand processes for improving certification of avi-
guidelines, models, and evolvable prototypes thanics and ground systems. Specific recommenda-
demonstrate, validate, and verify the safety propions will also be provided to the appropriate
erties, performance, and other critical attributes ®TCA committees that develop standards and
new technologies that are to be used within trguidelines for certification of avionics systems.
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NAS architecture research

or tailored to support domain-specific engineerin
and product acquisitions for the NAS.

Evaluation and prototyping of high-integrity,
safety-critical architectures to find better and
cheaper ways of ensuring that NAS hardware
and software are safe, secure, and efficient in
the face of challenges from bad code, security
breaches, and the like. This may potentially
eliminate a need for independent certification
of software.

Architecture definition and description. This
research is investigating unified approaches
to formal architecture definition and descrip”
tion for cost-effective evaluation and compar-
ison of competing candidate architectures for
acquisition.

Analytical and simulation architecture models
for the NAS. This research is investigating
the effects of various constraints on NAS
operational concepts and optimizing those
constraints, including cost and performanc
before committing resources to system imple*
mentation and deployment. t

for use in COTS-intensive systems. This re-
search will identify and evaluate more effec-
tive practices for use in software require-
ments definition, software/systems analysis
and design, and testing that are appropriate
for safety-related systems using COTS/NDI
software. It will include investigating differ-
ent methodologies to quantify, characterize,
and guard against the risk of accidentally acti-
vating unintended COTS functionality/re-
sponses for a given system and environment.

Software estimation models for COTS-inten-

sive systems. Research is seeking to identify/
develop better ways of estimating and pre-
dicting the life cycle costs of COTS-intensive

systems. This study will include consider-

ation of the complex interactions of major

cost and schedule drivers that relate to the
evaluation, interfacing, integration, product

refreshment, and maintenance of COTS.

e
This research will produce a set of evaluation cri-
eria and guidelines for COTS software proposed

for use in safety-related aviation systems. It will
The specific architecture research outputs will bgso establish the processes and technical methods
guidelines and standards for defining, represerfequired to evaluate COTS/NDI-based systems
ing, and designing high-integrity architectures foprior to contract awards and ensure that use of

the NAS; and, executable and reusable architeCOTS/NDI software will not compromise avia-
ture models and simulations that can be extendgén system safety.

%ustomer/StakehoIder Involvement The goal
of the streamlining software aspects of certifica-

Research on applying COTS/NDI within the NAgion is to assess the cost and schedule drivers of

ground systems and avionics

COTS/NDI software assurance reseaidms
research directly supports the Flight Controlg
and Digital Avionics Systems by investigat-
ing conditions under which a COTS softwar
product can be certified to a given level of

help establish selection criteria and evaluatio

the software aspects of certification for both avi-
onics and ground systems, and to prototype solu-
ons that show promise to reduce cost and sched-
ules. This supports objectives of the Office of the
éb\ssociate Administrator for Research and Acqui-
itions (ARA) and the Office of the Associate Ad-
inistrator

safety, as defined by current standards. It Wi[ﬁQI\/R)

for Regulation and Certification

guidelines for ongoing work in Information Recommendation R-14 of the “Report of the
Security Product Evaluation and a number dEhallenge 2000 Subcommittee of the FAA RE&D
other related areas, such as NAS Infrastrué&dvisory Committee for the Administrator”
ture. The research also will identify and evalreads, in part:

uate techniques for reducing the cost and time
needed to ensure that COTS/NDI software, or
systems containing COTS/NDI software, are
safe and function as required.

Evaluation and prototyping of systems and

“The FAA should conduct an in-depth
analysis of processes within the FAA
which are affected by COTS/NDI
technologies. . . . 5. Identify new methods
to test and validate safety-critical systems

software engineering processes and methods that are not dependent on source code
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analysis. 6/7. Investigate ways to reduce Accomplishments:N/A

cost and time to (re)establish high confi- - pen parnerships: Partnership agreements are

dence in a system... 18. Promote soft- et discussion with EUROCONTROL, NASA,
ware technology and process  Hop NIST and others.

improvement techniques. . .”

MAJOR ACTIVITIES AND ANTICIPATED
The COTS/NDI software assurance researghy 1999 ACCOMPLISHMENTS:

work is directed toward answering the recommen:gapjishment of the SERC was initiated in June
dations of this Subcommittee and also addressgggg using funds earmarked for software engi-

concerns and recommendations contained in t%erin : . .
: . ) g operational planning. The center will be
COTS/NDI in Safety-Critical Systereport. This ¢,y gnerational by the end of FY 1999. Several

research also supporégtion Plan 5: Validation nqior research activities have already begun in
and Certification Methodologpf the FAA/EU- 4 i ree key areas outlined above.

ROCONTROL R&D Committeagreements.
KEY FY 2000 PRODUCTS AND MILE-

The Subcommittee Report of the NAS ATM R&IBTONES:

Panel to R,E&D Advisory Committeidresses pyring Fy 2000, the initial guidelines and proto-
the entire contents of its section 4.0 to Softwalgpes for the three areas will be available for pre-
Engineering Research and Development. It COfjminary use and test. The SERC will act as a vir-
cludes with a number of critical recommendationg,a| and physical facility to coordinate develop-
concering the need to initiate research iment and testing of these software engineering re-
(1) certification of ground as well as air systemsgearch products. Links will be established with
involving critical software; (2) systems/softwargemote researchers and research sites.
complexity; (3) various software architectural is-

sues such as reuse and reliability; and (4) softY 2000 PROGRAM REQUEST:

ware/computer security. This is all capturedhe software engineering research programs will
within several sections, beginning with the Majoinitially make use of prior related activities con-
Recommendation 4.2.1.a #2, “The FAA shoulducted by the Office of Information Technology.
establish a Software Engineering Laboratory urFhe programs will subsequently use resources
der the direction of the Chief Scientist for Softthroughout the United States, particularly those of
ware Engineering that performs as a center of ethe SERC and aviation-related programs already
cellence.” A major purpose of this research initiaunderway at several universities. Support has
tive is to address the concerns and identifidloeen promised and is being negotiated with a
weaknesses noted by the Subcommittee. number of FAA organizations.
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Program Schedule

A02h - Software Engineering R&D
Product and Activities FY 1999|FY 2000| FY 2001| FY 2002 [FY 2003 [FY2004
028-130 Software Engineering R&D
Software Engineering Resource Center (SERC)
Establish/Maintain the infrastructure ¢
Develop/Implement Operational Plans and Methodology ¢
Establish/Maintain Working Relations with Other Centers 2 O O O O
Establish/Maintain Working Relations with Contract 2 <o <o < <
Researchers
NAS Architecture Research
Develop an Architectural Decision Tree . < < < <
Prototype the Architectural Decision Tree <o <o <o
Develop Guidelines for a “Good” Definition 3 < < <
Develop Guidelines for a “Good” Representation <o <o <o <o
Develop Guidelines for Secure Software Systems < <
Develop, Test, and Evaluate Analytical Models < <o
Develop, Test, and Evaluate NAS Simulations <o <o
Research on Safe and Effective Application of COTS/NDI
in the NAS
Develop Standards and Guidelines for COTS/NDI L J IS [
Software/ System Assurance
Develop Standards and Guidelines for COTS/NDI o IS
Software/System Methods
Develop Standards and Guidelines for COTS/NDI L 2 O O
Software/System Cost Estimation
Software Certification Research
Develop Standards and Guidelines for Certification of L 4 <o <o
Safety
Develop Standards and Guidelines for End-to-End Test O O
of Air/Ground Software Intensive Systems
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 0 0 0 462 689
Personnel Costs 0 0 0 474 1,001
Other Costs 0 0 0 64 84
Total 0 0 0 1,000 1,774
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A03a Communications— Program moved to 1999 Aviation System Capital Investment Plan (CIP )
as C20 Aeronautical Data Link (ADL)

GOALS: operations performance standards (MOPS) pro-
|ntended Outcomes: The FAA intends to in_ vide guidance for data link avionics. FAA advi-
crease safety, decrease delays, increase sys&HY circulars and the Aeronautical Information
flexibility and predictability, and increase user acManual provide certification guidance for instal-

cess to NAS data base sources by: lation and operational use/application. This pro-
gram develops technical and operational informa-

* Implementing decision support system Sekion, including human factors criteria, to support
vices (DSSS) that integrate airborne flighthese products.

management system capabilities with ground- o
based decision support automation Specifications for FIS/weather products and

Providi Il NAS . SSS provide/identify requirements for FAA au-
roviding a USErs a common VIEW Ol ation and industry implementation.

weather and airspace traffic, thus allowing us-
ers to better anticipate and plan for flight deCustomer/Stakeholder Involvement:

viations and/or delays through CDM processgree Flight: The integration of ATM DSSS with
« Increasing system flexibility by using datacontroller, pilot, and airline operations center
link services to derive, negotiate, and/ofAOC) facilities systems via digital data link pro-
update flight plans both before and duringides enhanced capabilities for trajectory predic-
flight tion, in-flight planning, and rerouting. ATM
, DSSS alternatives include CTAS automated en
Sr?bute air traffic control technologies. Using these
Aternatives will lead to a reduction in the number
of current procedural restrictions in the NAS.
Providing data link services facilitates the transifhis is one of the primary goals of the Free Flight
tion from air traffic control to air traffic manage-initiative, which also includes developing and im-
ment and supports the evolution toward a Frggdementing FIS/weather products in the cockpit.
Flight environment as envisioned in the RTC : ; ;
Task Force 3 report and the Free Flight Acti:R Iﬁ'gi'nRT.CA sponsors many special committees,
. g
Plan. This also advances the concept of the self-
reliant pilot described in the future architecture SC-169, which formulates a systems-oriented
for automated flight service station support. Sev- approach to aeronautical data link (ADL) ap-
eral government and industry initiatives have plications and coordinates standards develop-
identified improved weather information in the ~ ment to integrate data ink functions for air
cockpit as a key priority and mitigating strategy to  traffic management
reducing weather related accidents. After pilot es- SC-182, which develops standards for modu-
ror, weather is the number one cause/factor cited lar avionics concepts, which affect cockpit
in aviation accidents. Over one-third of all fatal  avionics used by ADL
accidents in all sectors of aviation involve,
weather, and in general aviation more than 200 fa-
talities per year are due to weather. *

troller workload, increase situational awarene
and alleviate voice traffic congestion.

SC-162 (Open Systems Interconnections)

SC-165 (Aeronautical Mobile Satellite Ser-
_ _ vice)
Agency Outputs: The FAA provides cost-benefit SC-172 (VHF Air-Ground Communication)

analyses for ground processing and uplink of FIS/ o
weather and DSSS. e SC-181 (Navigation Standards)

Standards and guidance material for FIS/weather SC-185 (Aeronautical Spectrum Planning)

products and DSSS provide technical characteris- SC-186 (Automatic Dependent Surveillance-
tics and approval guidelines for operational use Broadcast)

and training. RTCA minimum aviation systeme Task Force 3, Air Transport Association
performance standards (MASPS) and minimum Flight Management System Task Force
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ICAO: The International Civil Aviation Organiza- The general aviation (GA) community also has
tion leads and participates in the following panelgarticipated in the FAA demonstration and opera-
. . tional suitability assessment of initial graphic and
* -Igg‘riel A%E{Eﬁtlﬁocsseepsengre]ntaut%lrjr:\é?éléan;ﬁt_ext data link products provided through the mode
' S-based Graphic Weather Service (GWS) at
ground data exchange Dulles International Airport. The user community
* The Aeronautical Telecommunication Netstrongly advocates implementing dissemination
work Panel, which focuses on requirementsf FIS/weather, especially graphics, to the cockpit
for a globally interoperable digital data com-as demonstrated through the Free Flight Action
munications network Plan (1996); the National Research Council re-
. ; ; - anePOrt, Aviation Weather Services, A Call for Fed-
The Aeronautical Mobile Communications ral Leadership and Actiof1995): the National

Panel, which focuses on satellite-based safety®" ]
services for data and voice, including starf-viation Weather Program Plan (1992); and FAA

: - order 7032.15 Air Traffic Weather Needs and Re-
33;?;3%Yg:&ﬁ”::;ﬁ;ﬁ;?égg;ld very high frequirements. Most recer_1t|y, in May 1998, the I_ZAA
issued an Airborne Flight Information Services
Aviation Safety PlanADL-related initiatives in- Data Link Policy statement supporting a joint
clude: government/industry partnership in establishing
FIS data link services. The policy statement was a
result of a petition submitted by the General Avia-

ion Coalition.

» Initiative 2.10.2, which deploys data link ca-
pability to disseminate alphanumeric an
graphical FIS products, including weather, di-
rectly to the cockpit Accomplishments: The FANG Operational Con-

cept has been published. It identifies a prelimi-

tion of data link systems to support communinary set of services, associated potential benefits,

cations, navigation, and surveillance op(—:‘ra"’}nOI reqyired functional capabilities_ of an inte-
tions ' ’ grated flight management system/air traffic man-

agement/aeronautical operational control system.
* Initiative 4.2.7, which establishes two-way. he basi _ q ional
data link capability throughout domestic en "€ Pasic requirements and operational concepts
route and terminal airspace or FIS/weather data link applications were

jointly developed by industry and government,

* Initiative 4.3.4, which demonstrates/validategng published (DO-232) through the RTCA Spe-
risk reduction benefits of weather and traﬁ:lQ“aj Committee 169, Working Group 3.

products acquired by local surveillance sys- _ _ _ _
tems delivered to aircraft, ATC facilities, air |€rmMinal weather information for pilots (TWIP)

carriers, and any combination of these. is currently available at all Terminal Doppler
Weather Radar locations through the ARINC AC-
FANG: The Flight Management System (FMS)-ARS vendor data link service.
ATM Next Generation (FANG) Team chaired by - :
the ADL product team, focuses on developinﬁreerarturg cIearanpe (PDC) and _dlgltal-aw traf-
DSSS. This team comprises government and iH° _mformatlon service (D-ATIS) |s_currently
dustry representatives and is chartered to defi ailable through the tower data link system
an integrated flight management system/air traffi DLS) at 57 TDLS locations. These services are

management/aeronautical operational control Sygl_so provided through the ARINC ACARS ven-
tem. or data link service.

e Initiative 4.2.6, which completes the defini-

The FAA participates in and sponsors the comm J1S is being erloyed_ at all _operatlo_nal termlnql
ode S locations. This service provides cockpit

nications and surveillance operational impleme yresentations of aircraft traffic to client aircraft
tation team. This is an Administrator-chartere . )
ased on terminal radar surveillance.

organization established to coordinate the imple-
mentation of FAA modernization programs withR&D Partnerships: The FAA is coordinating de-
the aviation industry. velopment of NAS improvements, including data
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link applications with NASA. An interagency In- KEY FY 2000 PRODUCTS AND MILE-

tegrated Product Team, formed between the FABTONES:

and NASA, develops future ATM systems. FAAFunded'

and NASA DSSS-related efforts are coordinated '

through that mechanism. Also, the joint FAAF Conduct ground simulation and flight evalua-
NASA AGATE project includes joint testing tions to analyze cockpit workload and pilot
(ground and flight) with the AGATE partners. Fi-  decision-aid impacts for new increment of
nally, the NASA Aviation Weather Information FIS data link services (i.e., convective
(AWIN) program includes cockpit dissemination  weather, AUTOMETS, in-flight icing, turbu-
of weather information as a key strategy for miti- lence, SUA, and NOTAM’s)

gating aviation fatalities in a 7-year research pro-
gram in response to the White House Safety Com-
mission report.

Develop FIS standards and guidelines for the
above convective weather and AUTOMET
FIS data link services

MAJOR ACTIVITIES AND ANTICIPATED
FY 1999 ACCOMPLISHMENTS: FY 2000 PROGRAM REQUEST:

Completed Joint FAA/NASA Modeled Anal- Aeronautical Data Link works collaboratively
ysis of CTAS- and FMS-generated fuel-optiwith FAA product teams, including en route, ter-

mal trajectories minal, air traffic management, interfacility tele-
Published FANG-required functional capabil-<communications, and weather to ensure the suc-
ities document cessful integration of data link services into the

Completed Three-Dimensional  User-PreNAS.

ferred Trgjectorles F"th Tnalg Project Decision support system data link enhancement
Began Field Test portion of Joint FAA/NASA jdentification and development allows the bene-
CTAS/FMS Data Exchange Field Test (Initiakits of advanced ATM automation tools to be fully
DSSS) realized.

Established required initial data link capabili-

ties for En Route Aeronautical TelecommuniSround simu_lations anq _flight evaluations are
cations Network Decision Support Tool conducted using the facilities and resources at the
Established partnership(s) with industry taly!ll_lam J Hughes Technical Center ar?d' other fa-
provide FIS data link services cilities, including those at the FAA Civil Aero-

medical Institute (CAMI), MITRE Center for Ad-
Established collaborative FIS data link testygnced Aviation System Development (CAASD),
bed and test range faciliies for developingind NASA. These simulations and evaluations
sound technical data to support publication qfjentify data link product and system architecture
standards and guidelines for operational imspecifications and operational guidance issues.
plementation Based on these specifications and operational
Published initial RTCA MOPS/MASPS andguidance issues, implementation standards
FAA advisory circulars and other regulatory MOPS, MASPS), operational guidance docu-
materials to support FAA/industry FIS dataments (advisory circulars), and system architec-
link services ture strategies are drafted.
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A03a - Communications
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

031-111 Aeronautical Data Link (ADL) Applications
Decision Support System Services (DSSS)

Begin Modeling/Simulation of proposed DSSS
Complete Cost/Benefit Analysis (CBA) for initial
DSSS

Complete Comprehensive List of DSS Data Link
Services

Complete AMS initial requirements document for
DSSS

Complete CBA for DSSS

Develop FAA/Industry Consensus on DSSS
Implementation

Implement initial DSSS

Integrate Advanced DSSS with Flight Management
Systems (FMS)

Flight Information Services (FIS)

Established collaborative FIS data link test facilities
Established industry partnerships to provide initial FIS
data link services

Developed standards & guidelines for initial FIS data
link services

Conduct simulations/flight evaluations for follow-on
FIS services

Develop standards & guidelines for follow-on FIS
services

Conduct simulations/flight evaluations for advanced
FIS services

Develop standards & guidelines for advanced FIS
services

Develop operational specifications & standards/
guidelines for FIS Services based on Aviation
Gridded Forecast System

Conduct simulations/flight evaluations for transition
of FIS services for DSSS/Collaborative Decision
Making (CDM) support

Develop standards/guidelines for FIS services
supporting DSSS/CDM services

(IR

L X 4

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Other Costs

Personnel Costs

Total

5412
3,808
780

1,054
4,105
841

4,706
0
0

1,174
4,129
566

3,000
4,498
344

10,000

6,000

4,706

5,869

7,842
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A03b Navigation — [Program moved to 1999 Aviation System Capital Investment Plan (CIP) as
N12 — Augmentation for the Global Positioning System (WAAS/LARS)

GOALS: use the data, facilitate information exchange, and

Intended Outcomes: The FAA intends to pro- foster cooperation around the world to achieve a
vide time efficiencies and cost savings througBeamless global navigation system. The results of
satellite-based navigation implementation. Thi#is “live” data collection and analysis will assist
technology allows direct point-to-point navigathe FAA in defining and analyzing air traffic and
tion, optimum routing, and other capacity im-airway facility requirements for satellite-based
provements. These efficiencies and savings af@vigation technology, as well as connectivity and

realized by the airlines, the traveling public, aninteroperability requirements for international
the FAA and include: augmentation systems being developed by other

. Increased air traffic control efficiencies an ountries. The information obtained from these
erformance evaluations will also be instrumental

NAS capacity through a restructured airwayn allowing the FAA to monitor the WAAS sys-

system to accommodate direct routings b.e[ém contractor performance during interim con-
tween airports as well as reduced separatiQ), «or maintenance and logistics
standards '

e Reduced fuel cost to airlines and reduce-ghe FAA will approve GPS as a primary means of

travel time to the public due to more economr—]"’“'ig""tion throug_h category | prgqision ap-
ical air routes proaches by 2001 in all weather conditions by im-
lementing WAAS. This will enable existing nav-

* Reduced FAA operating costs due to deconi%ation equipment across the United States to be

missioning existing ground-based navigatioacommissioned.

equipment ] ] N
» Simplified GPS augmentation infrastructure-rhe FAA wil valldatg the capability to perform
. : category Il/lll precision approaches through re-
through wide area and local area interopera- h and devel ff iated with
bility to provide satellite navigation services S eh and ceve opment eflorts associated wit
at a reduced cost LAAS. The FAA will provide a LAAS functional
specification, architecture, and MOPS to industry
Agency Outputs: The FAA uses the national sat-for implementing local area systems across the
ellite testbed (NSTB) as the foundation for all renited States. LAAS prototypes will be devel-
search and development associated with impleped, and flight tests will be conducted to validate
menting satellite-based navigation technologyhe specification and MOPS.
The NSTB is essential to the wide area and IOCE,"l(L]Jstomer/Stakeholder Involvement: The pro-
area augmentation development strategy neede

to implement GPS-augmented navigation tectpams |mplement§|t|on_ strategy involves o'Fher
government agencies, industry, and academia, as

nology. Findings from the NSTB help the FAA to .
. : . follows:
develop required user equipment through avionics _ o _
manufacturers, continue development of GPS The FAA establishes and participates on vari-
user procedures, and gain international accep- Ous teams _addressmg _Immedlate needs _for
tance of a seamless global navigation satellite sys- operational implementation issues. These in-
tem. clude the Satellite Operational Implementa-
tion Team (SOIT), Satellite Procedures Im-

The program is developing and implementing the plementation Team, the Air Traffic SOIT, and

capability to monitor and evaluate system perfor- )
mance of GPS and GPS-augmented systems, such OFherIte;_ms and working groups at FAA re-
as NSTB and WAAS, as they are implemented. gional o |ces.. . _
During these evaluations, large quantities of cont- The FAA participates on the RTCA working
plex, technical data will be collected, analyzed, 9roups and subcommittees.

archived, and made available to the FAA and The FAA has completed 16 bilateral agree-
other government agencies. Industry, academia, ments with several countries and participates
and international entities to further their research in ICAO panel sessions to further the accep-
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tance of GPS augmentations as a seamldssaddition, 16 cooperative bilateral agreements
global navigation satellite system. are in place, with additional agreements currently

* The FAA supports the Positioning and NaV|-I
gation Executive Committee, and the Join&
Precision Approach and Landing System Prq-
gram and interacts with the Department o
Defense to establish and promote a nationﬁq
consensus on GPS management and Oopey;
tion.

.in work, to facilitate and promote the communica-
ion and information transfer for a seamless glo-
al navigation satellite system. The program also
aintains a government industry partnership with
e ATA for continued development of perfor-
ance operating standards for GPS-based naviga-
Bn with emphasis on local area applications.

- The FAA supports the Interagency GPS Exed//AJOR ACTIVITIES AND ANT'_C|PATED
utive Board (IGEB) regarding GPS modernEY 1999 ACCOMPLISHMENTS:

ization issues. .

Accomplishments: During FY 1998, the NSTB
continued to provide a MOPS compliant signal in
space, allowing development of WAAS aircraff
avionics, terminal en route procedures (TERPS)
criteria, and user procedures. Research efforts in-
cluded evaluating new algorithms, hardware, and
communication topologies to improve the integ-
rity and availability of the WAAS. Enhancements,
to the NSTB were made to improve its use as a
performance assessment tool for the WAAS and
to define the preplanned product improvements
for WAAS. In addition, the NSTB conducted ini-
tial global navigation satellite system (GNSS) ins
teroperability studies.

The FAA completed development of the LAAS
functional specification and the MOPS. Develop-
ment efforts for LAAS prototypes were initiated.
to validate and verify the specification and
MOPS.

The FAA initiated the requirements definition and

analysis of system performance characteristics for
the satellite navigation center as the first step to-
ward developing a monitoring network to evalu-
ate GPS and WAAS system performance.

R&D Partnerships: The FAA has approximately ,

Performed data collection and analyses using
the NSTB to further develop WAAS perfor-
mance-assessment capabilities

Continued to conduct ionosphere data collec-
tion and analyses to define WAAS final oper-
ational capabilities

Initiated development of WAAS prototype to
demonstrate international connectivity

Continued development of WAAS perfor-
mance-monitoring network

Conducted ionospheric data collection and
analyses

Conducted WAAS/LAAS integration studies

Initiated investigation studies for surface
movement guidance, helicopter operations,
and advanced LAAS augmentations

Initiated installation and testing of LAAS
prototypes to validate the functional specifi-
cation

Continued to coordinate with ICAO to pro-
duce SARP’s to define LAAS in the interna-
tional community

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Perform data collection and statistical analy-

20 grants, interagency agreements, and contracts ses of initial WAAS performance capabilities-

in place with industry, academia, and other gov-
ernment agencies to leverage their expertise and
capabilities in satellite navigation R&D. Principal
participants include Stanford University, Ohio
University, the Naval Air Warfare Center Aircraft
Division (NAWCAD), the Central Intelligence
Agency (CIA), the Air Transport Association®
(ATA), and the Massachusetts Institute of Tech-
nology Lincoln Laboratories. .
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Develop operations and maintenance connee- Continue installing and testing LAAS proto-

tivities type systems at several sites to ensure that the
Prototype international connectivity systems will validate the functional specifica-
Develop WAAS performance monitoring net- tion in particularly difficult sites
work

. . FY 2000 PROGRAM REQUEST:
Establish research database and analysis ca- Q
pability In FY 2000, the program will continue to focus on
Develop real-time simulation methodologiegleveloping and implementing GPS augmenta-
for WAAS components tions to further the transition to satellite-based

Conduct ionospheric data collection and anapavigation technology. Efforts focus on research
yses and analysis of issues associated with accuracy,

. . . . .integrity, and availability to the users, with spe-
Continue research into signal quality moni-

) : : - cific emphasis on interference to ensure service
toring, operations and maintenance, fligh

control monitoring. and automatic dependen ontinuity. Efforts also focus on gaining contin-
X ring, and aut P ued acceptance and support by the international
surveillance with participation from Stanford

and Ohio Universities community for an integrated WAAS/LAAS archi-

_ _ o _ _ tecture to achieve a seamless GNSS.
Continue investigation studies analysis for

surface movement guidance, helicopter opehe FY 2000 request will focus primarily on the
ations, and advanced LAAS augmentationgsearch and development efforts currently being
using pseudolites, instrument landing systefgerformed by Stanford University, Ohio Univer-
glideslope, and low-earth-orbit satellites  sjty, ATA, and MIT’s Lincoln Laboratory. This
Continue to develop and mature the LAASwill allow the FAA to continue to meet its objec-
integrity algorithms tives to transition to satellite-based navigation.
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A03b - Navigation
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

032-110 Satellite Navigation Program
Wide Area Advanced Research/NSTB

lonospheric Data Collection & Analyses
Worldwide Scintillation Monitoring & Analysis
Develop Worldwide lono Mode

Interference Mitigation Analysis

Develop Worldwide Service Volume Model
Clock Performance/Time Transfer Analysis
International Connectivity & Interoperability
Integrate International Reference Sites
Conduct Flight Demonstrations

Data Collection, Distribution, Analysis
WAAS Performance Assessments

Minor Contractor Compliance

Support WAAS Algorithm Validation

WAAS P3| Definition

Data Collection & Analysis

2nd/3rd Civil Frequency Addition

Local Area Concepts

Initiate Installation/Test of LAAS Prototypes

Begin Surface Movement, Helicopter & Advanced
Research

Complete Validation of LAAS Specification/MOPS
2nd/3rd Civil Frequency Integration

WAAS/LAAS Inter-operability

Conduct WAAS/LAAS Inter-operability studies
Develop Interface Control Requirements
Finalize Architecture Study

Conduct Prototype Tests

NAS Integration Plan

L X 2R 2R R 2R X 2K X 2R X 2K 2R X 2R X 2

CO OOV OO OO OO OOOC0

CO OOV OOOO OO0 0

S0

CO VOO0 0

GO0 OO0 O0 0

OO0

S 0

S 0

CO OO

0

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

10,334
2,213
453

10,772
1,849
379

10,426
2,466
505

10,718
1,844
433

5,665
1,757
131

13,000

13,000

13,397

12,995

7,553
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A03c Surveillance — Program moved to 1999 Aviation System Capital Investment Plan (CIP) as
S10 — Automatic Dependent Surveillance-Broadcast (ADS-B) and ADS-B Ohio Valley Project — Safe
Flight 21]

GOALS: tivity at RTCA SC 186. Some of the specific
Intended Outcomes: The FAA intends to im- Stakeholders include the Cargo Airline Associa-
prove system efficiency and safety by implemention, Experimental Aircraft Association, Air

ing a low-cost surveillance system that enabledansport Association, Airline Pilots Association,
Free Flight capabilities, minimizes runway incurAircraft Owners and Pilots Association, United

sions, and provides coverage in existing nonradéfflines, Northwest Airlines, and the ICAO pan-
areas. els and European Work Group on ADS-B.

ADS-B is a technique to derive aircraft positioriccomplishments: Draft ADS-B avionics stan-

by an onboard GNSS receiver or other backlﬁﬁrds development has been initiated at RTCA.
source of navigation data. Aircraft identity, alti-Additional engineering prototype and certifica-
tude, and position are broadcast directly to grour®n work, including development and test/valida-
receivers and to nearby aircraft. Transmitteion, is required to complete these standards. A
ADS-B messages, received by nearby aircraft a@operative CRDA is being implemented with the
information is d|sp|ayed on an airborne CDTpAA for an evaluation of selected Operational en-
used for situational awareness, conflict detectioh@ncements and alternative radio frequency data
and Free Flight capabilities. Accurate and timel{nks.

updated reports from ADS-B minimize runwayrgp Partnerships: The joint government/indus-
incursions, improve safety by increasing a pilotgy committees, RTCA SC-186 and SC-159, are
awareness of nearby aircraft, and improve effiasked with achieving R&D consensus on system
ciency and airspace capacity by potentially redugtandards for ADS-B. Massachusetts Institute of
ing current separation standards. Its modular dgechnology’s Lincoln Laboratory and MITRE are
sign and cooperative nature offer a low cost altegiso jointly involved in the technical development

native for surveillance coverage in existing nonragng integration of ADS-B technology into the
dar areas, and potentially in the long term, ijgAaS.

some areas currently served by radars.
ADS-B as been identified by both the FAA an AJOR ACTIVITIES AND ANTICIPATED

o . Y 1999 ACCOMPLISHMENTS:
the aviation industry as an enabling technology .
for Free Flight. ¢ Develop agency roadmap for ADS-B air-to-

A OUtoULS: C ¢ efforts f devel air, air-to-ground, and surface applications
gency Outputs: Current efforts focus on devel-
oping standards for ADS-B avionics, ADS-B ap-’ Ccé)mpsletg r(}lleveclzopment of ADS-B 1090 MHz
plications, CDTI, and transponders, and in vali- MOP W'_t _ _RT A

dating the capabilities of ADS-B. These standard- Develop initial draft of ADS-B/CDTI MOPS
ization efforts include minimum aviation system With RTCA

performance standards, minimum operational pes- Complete spectrum analysis of ADS-B 1090
formance standards, technical standard orders, MHz in high-density environment

and design criteria. Outputs will include evalua;  procyre, install and evaluate ADS-B proto-
fupn Qf operational procedures, procurement spec- type ground station

ifications for ground systems, deployment of sys-

tem prototypes, and revised operational proc&EY FY 2000 PRODUCTS AND MILE-

dures. STONES:

Customer/Stakeholder Involvement:Air carrier * Complete operational concepts development
and general aviation user communities have asked and alternative analysis, including cost bene-
for FAA leadership in developing ADS-B tech-  fit and cost-effectiveness studies

nology. The FAA and the user community are ae- Continue evaluation of ADS-B operational
tively involved in the standards development ac- procedures, including field trials
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* Publish draft ADS-B/CDTI standards enhancements to Mode S transponders. Studies,
° Pub“sh draft engineering Speciﬁcation foranalyses, and. f|6|d tests W|” Va”d.ate CDTI stan-
ADS-B ground station dards. Operational concept analysis describes pro-
posed features and benefits obtained by imple-
FY 2000 PROGRAM REQUEST: menting and deploying ADS-B. An analysis of

The FAA and RTCA continue to complete theADS-B integration with existing radars and auto-
ADS-B avionics standards for CDTI and I-MFDmation systems will be performed.
displays as well as standards for ADS-B related
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Program Schedule

A03c - Surveillance
Product and Activities FY 1999| FY 2000| FY 2001| FY 2002 [FY 2003 |FY2004

033-140 Automatic Surveillance-Broadcast (ADS-B)
Plans, Standards, and Analysis
Develop/Approval of 1090 MHz MOPS by RTCA

Develop ADS-B Roadmap
Support ADS-B Trials
Conduct ADS-B High Density Simulations

Complete Operational Concept Analysis for Air-to Air
Applications

Perform/Complete CDTI-1 Field Trials and Analysis
Avionics Standards for CDTI

Conduct/Complete CDTI Operational Test & Evaluation O
(OT&E) for Visual Flight Rules

Update CDTI Standards O
Validate Application Benefits for Air-to-Air

Conduct/Complete CDTI OT&E for General Aviation
Instrument Flight Rules Applications

Update CDTI Standards
Develop Air-to Air and Surface Operations Concept o

Ground Initiated Comm B (GICB) Analysis for Mode S
Transponders

Analysis Report Describing Integration of ADS-B with O
Existing Radars and Automation Systems

Procure, Install and Demonstrate ADS-B Ground-Based o
Engineering Prototypes

Complete Demonstrations/Publish Ground-Based Systems o
Demonstration Report

Develop Integrated Requirements Document for Ground-
Based Systems

Develop Specification for ADS-B Ground Systems

L 2K R R 2R 2K K 3

S 0 OO

Develop Specifications for ADS-B Automation/Integration

SO0 O

Evaluate alternative implementation of ADS-B technologies
for long-term applications

Investment Decision for ADS-B Ground Stations to support o
air-to- ground and surface ATC application Investment

Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request

Contracts 0 0 0 3,506 2,600
Personnel Costs 0 0 0 701 896
Other Costs 0 0 0 83 48
0 0 0

Total 4,290 3,544
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AO4a Weather Program

GOALS: radar processor, the integrated terminal weather

Intended Outcomes: The FAA intends to pro- system, and NWS systems) continue to be trans-
vide the capability to generate weather observéerred to private weather service companies that
tions, warnings, and forecasts that are more accHpport the NAS. This enables companies to de-
rate and accessible than existing weather servic¥glop specialized aviation weather products based
These upgrades enhance flight safety, increa@@ FAA research efforts. Algorithm development
system capacity, improve flight efficiency, reducdrovides the following capabilities that:

air traffic controller and pilot workload, improve
flight planning, increase productivity, and en-
hance situational awareness.

Accurately depict current and forecasted in-
flight icing areas to enhance safety, airspace
efficiency, and aircraft utilization

In accordance with the Federal Aviation Act of

1958 as amended, the FAA is responsible, in co-
operation with the Department of Commerce, to
promote and develop meteorological science, and
to foster support of research projects using private
and governmental research facilities. These duties Provide location, timing, and severity of con-
are further amplified by recommendations con- Vvective weather hazards to improve flight
tained in an Aviation Weather Services report is- safety and enhance capacity.

sued by the National Research Council (lgg%ustomer/Stakeholder Involvement: The Na-

and the final report of the Aviation Weather Sub; L , .
. . ) tional Aviation Users’ Forum has provided a pro-
committee issued by the FAAs Research, EngEess to develop a federal/industry consensus on

Ezfrllggé)and Development Subcommittee (Othﬂfser n_eeds and prioriFie_:s for a_lviation weather in-
: formation. Forum participants include representa-
The weather program directly supports FAA Straives from the Airline Pilots Association, United,
tegic Goal #1in the performance area of Safetgmerican, and Delta Airlines, and other industry
“Through research, identify methods that, wherepresentatives. The Forum serves as a basis to set
implemented would reduce the fatal accident ratgriorities for research and development as well as
due to weather.” The weather program also dgystem acquisition. The FAA's weather priorities
rectly supports Strategic Goal #8 in the perforand plans are consistent with users’ recommenda-
mance area of System Efficiency, “Demonstratéons made at this forum, and the plans address in-
the capability of new systems to decrease the ratastry recommendations.
of delays due to weather.”

Produce high-resolution and timely gridded
information for icing, winds, temperature,

and turbulence to improve aviation advisories
and forecasts issued by the NWS

_ ~ The weather program analyzes aviation weather
The weather R,E&D program, in collaborationseryvice users’ needs and requirements found in
with NWS and National Science Foundation proge Aviation Safety Action Plan. It also addresses
grams, produces weather algorithms (technghqystry recommendations, as well as require-

ogy), more rapid forecasting and delivery of forements contained in more than six other related
casts (delivery), and the development of aviatiogocuments and publications.

weather instructional material and training _ _ _
courses (education). Accomplishments: Following are major weather

Agency Outputs: The weather program focusesprogram accomplishments:

on conducting applied research to solve opera- Completed rapid update cycle analysis and
tional problems leading to the development of forecast capability providing more accurate
new and improved algorithms. These models pre- and higher resolution upper winds, tempera-
dict weather events that affect aviation as well as ture, and precipitation data, resulting in re-
procedural and policy changes/updates. The algo- duced flight times and/or flight delays be-
rithms, developed for implementation on appro- cause the data on hazardous weather and jet
priate NAS platforms (including the weather and streams are more accurate
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Issued a ‘freezing precipitation aloft’ forecast
at the Kansas City aviation weather center--
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tex detection during a 2-week test period in
May 1998 at John F. Kennedy Airport

responding to a rulemaking proposal aimed o o
turboprops flying in weather conditions con-ﬁ&D Partnerships: Program activities are

GUGe 0 -Gt fng-increasing arspaceCiosel coordnated and leveraged i ncusty,
efficiency, aircraft utilization, and safety, ' 9 9 )

pecially for commuter aircratft. es-done d_irectly through int1era_gency_ agreements,
university grants and MOA'S in conjunction with
Commenced flight test of humidity sensor ofhe National Science Foundation. Principal part-
United Parcel Service (UPS) aircraft, as pagers include the National Center for Atmospheric
of the water vapor sensing system (WVSSResearch, NOAA's Forecast Systems Laboratory
program, leveraged with the National Oceand National Severe Storms Laboratory, Massa-
anic and Atmospheric  Administration chysetts Institute of Technology’s Lincoln Labo-
(NOAA)--enabling more accurate in-flight ic- ratory, NWS Aviation Weather Center and Na-
ing and ceiling and visibility forecasts. tional Centers for Environmental Prediction,
Completed upgrades to next-generatiohlASA Lewis, Office of Naval Research, and
weather radar (NEXRAD) algorithms, stormUPS, as well as several universities, airlines, port
cell identification and tracking, hail detection,authorities, and cities. In addition, international
mesocyclone, and tornado detection (levegreements with the United Kingdom, France,

aged with NWS)--enabling better definitionand Canada further leverage FAA efforts.

of location, timing, and severity of convectiveR
weather hazards, resulting in enhanced fligl?
safety and capacity

esearch results are transferred to the private sec-
br via cooperative research and development
agreements with GTE, Kavouras, WSI, Harris,

Completed storm growth and decay experiand AccuWeather.

ment on data collected in Memphis. This re-

search will result in the accurate, short-terrtMAJOR ACTIVITIES AND ANTICIPATED
prediction of the beginning, growth, and deFY 1999 ACCOMPLISHMENTS:

cay of storm cells--enhancing safety and ca-
pacity by improving aircraft avoidance of
hazardous weather, resulting in enhanced
strategic and tactical flow management plan-
ning, and allowing more effective routing of
traffic to and from airports and runways y

Operated weather support to deicing decision-
making (WSDDM) testbeds at La Guardie
and O’Hare airports in collaboration with the
Port Authority of New York and several air-.
lines providing ground deicing decisionmak-
ing information to the airlines and cities--re-
sulting in increased safety (takeoffs), saving’s
in use of deicing fluids, and associated equip-
ment and personnel costs, efficiencies in run-
way and off-airport plowing, and efficiencies®
in departures and arrivals

Developed initial operating capability of thee
AGFS implemented at the NWS--providing
an aviation-specific weather database for the
aviation community .

Under the SOCRATES Project, fabricated
and tested a two-beam system for Wake Vor-

Developed initial integrated in-flight icing al-
gorithm

Conducted field program to evaluate im-
proved forecasts of in-flight icing

Developed enhanced AGFS automated tools
for forecasters

Tested radar improvements to provide rapid
updates of hazardous weather

Integrated satellite data into 60-minute storm
growth and decay forecast

Completed technology transfer of WSDDM
system to private industry for operational im-
plementation

Implemented preliminary turbulence forecast-
ing algorithm at the Aviation Weather Center

Fabricated and tested a two-team system at
the FAANoIpe Center Wake Vortex Site at
JFK

Processed, analyzed, and presented a final
report on data obtained in the JFK test of the
SOCRATES two-beam system
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KEY FY 2000 PRODUCTS AND MILE-

STONES: .

Incorporate satellite data into an in-flight ic-
ing guidance product .
Implement interactive AGFS display-specific
flight route forecasts

Conduct airborne humidity sensor flight dem-
onstration of utility

Incorporate boundary layer data into 60-
minute storm growth and decay forest

FY 2000 PROGRAM REQUEST:

Develop new algorithms for improved fore-
casts of freezing drizzle aloft

Continue to develop automated data analysis
and assimilation techniques

Transition weather research products to
NWS, FAA, and industry automation and
weather systems

The following activities are based on funding

Complete in-situ-based detection turbulencgw’lllablllty for SOCRATES in FY 2000:

product evaluation .
Develop a 1- to 2-hour marine stratus burnoff
forecast for San Francisco International Air-
port .

Implement wind data ingest and dissemina-
tion system at Juneau Airport
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Design and fabricate and test and evaluate a
SOCRATES eight-beam system; conduct lo-
cal tests and prepare for evaluation testing

Design, fabricate, and test a ground-based
SOCRATES Particle Backscatter System and
prepare for evaluation testing
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Program Schedule

A04a - Weather Program
Product and Activities FY 1999| FY 2000 | FY 2001 | FY 2002 |FY 2003 [FY2004

041-110 Aviation Weather Analysis and Forecasting
Develop Aviation Gridded Forecast System (AGFS)
Developed Tools for Interactive Data Assimilation/Distribution <
Implement Interactive Display Specific Flight Route Forecasts O
Implement Interactive Convective Sigmet/Airmet Ensemble Tools
Imp/Demonstrate Interactive Forecast/Product Verification Tool O o

S0

In-flight Icing
Initial Development of IIFA L)
Incorporate Satellite Data into In-flight Icing Guidance Product <o
Imp. Yr.-Round Guidance Product & Severity/Type Forecasts O O

Develop Terminal-Scale Icing Product & Field Program to Evaluate O 'S
Radar/Satellite /Radiometer Detection Techniques

Winter Weather Research

Develop Techniques to Detect/Forecast Precipitation Type and o o
Rate, Incorporate Radar/Satellite Data

Develop 6-Hour Forecast of Precip. Type/Rate o
Convective Weather
Integrate Satellite Data into 60 Minute Forecast Algorithm 'S o
Incorporate Boundary Layer Data, Transition to ITWS O
Demo 90-Minute Forecast O
Numerical Modeling 2 to 4 Hour Forecast O o

Turbulence Algorithm
Implement Prelim. Turbulence Forecast Algorithm ¢

o0

Complete In-Situ Based Detection Product Evaluation
Improved Algorithm Using TDWR, Transition to ITWS <o
Incorporate Satellite Data into Turbulence Forecast o o
NEXRAD Algorithms
Began Dual Polarization Research L 4
Deliver Dual Polarization Algorithms to OSF <o < o

Airborne Humidity Sensor
Complete Sensor Evaluation/FAAINOAA Decision on Utility O &
Evaluate Combined Temp./Humidity Sensor O o o

Juneau Terrain-Induced Turbulence Project
Develop Prototype System O
Perform Test and Evaluation o

Implement Operational System O

Project SCORATES

Completed Final Report of JFK Test Project Using 2-Beam *
Socrates System

Develop Eight-Beam SOCRATES System o
Develop Ground-Based Particle Backscatter System o
Complete Airborne System Applicability Demonstration O

Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request

Contracts 5,978 11,683 14,500 17,836 15,100
Personnel Costs 427 1,093 664 817 629
Other Costs 88 224 136 31 36

Total 6,493 | 13,000 15,300 | 18,684 15,765
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2.2 Airports Technology

Mission

The U.S. airport system consists of 6 hillion
square feet of pavement with a replacement value
estimated at $100 billion. There are over 600 mil-
lion passenger enplanements each year at over
17,000 landing facilities with terminal buildings
and access roads. Current trends indicate that the
aircraft fleet will not only increase in number, but
also more importantly, in operating speed, gear
loading and configuration, and aircraft size; and
airport pavements will need capital improvements
costing billions of dollars.

The Airport Technology program’s mission is to
provide technology solutions that will allow the
Nation’s airports to accommodate the projected
traffic growth and establish an operational envi-
ronment that is free of accidents or fatalities. This
isaccomplished by fulfilling the FAA's regulatory
obligation (49 U.S.C. 47105(b) 3) to develop
standards, criteria, and guidelines for planning,
designing, constructing, operating, and maintain-
ing the massive airport system. This includes:

e Airport pavement design

« Airfield design

»  Wildlife hazard mitigation
« Visua guidance systems

» Surfacetraction

e Post-crash rescue and firefighting, and wild-
life control.

Intended Outcomes

The most important program outcomes are reduc-
ing or eliminating aircraft accidents and lowering
the cost of developing and maintaining safe air-
ports.

The Airport Technology program area supports
several FAA Strategic Plan goals:

e System Safety: reduce the number of acci-
dents in which airport surface condition is a
cause or factor and reduce hazards from wild-
life strikes

e System Capacity: enhance airport capacity

e Industry Vitality: enhance the vitdity and in-
ternational competitiveness of the U.S. com-
mercial air transportation industry

e Globa Leadership: in cooperation with in-
dustry and other Federal agencies, promote
U.S. aviation system technologies

e Environmental Responsibility: create an envi-
ronmentally effective and responsive FAA
both domestically and internationally.

System safety. Reduction or elimination of air-
craft accidents is supported by a comprehensive
R&D program. The program seeks to reduce the
risk of aircraft diding off runways due to the pres-
ence of water, snow, and ice, and in the presence
of other surface contaminants such as rubber and
anti-icing materials. Improved runway traction is
the central focus of this research, which will pro-
vide improved methods, materials, and proce-
dures for detecting and removing contaminants
from runway surfaces.

The effectiveness of soft-material arrester beds
has already been proven in stopping an overrun-
ning aircraft and the program is developing na-
tional standards for design, but more economical
materials and installation methods must be found
to encourage more of these installations. Ongoing
research seeks methods of reducing hazards from
wildlife strikes. This includes cooperative re-
search with the Department of Agriculture in as-
sessing wildlife hazards at airports and maintain-
ing anational birdstrike database.

Industry Vitality, Global Leadership, and System
Capacity. These are supported by a comprehen-
sive research and development (R&D) program
for airport pavement design with U.S. and inter-
national government and industry support and
collaboration. The International Civil Aviation
Organization (ICAO) has formally agreed to use
the results from the Airport Technology program
to devel op worl dwide pavement design standards.

The FAA's pavement research has the potential to
provide large benefits. Approximately $2 billion
is spent on constructing, rehabilitating, and main-
taining airport pavements each year by Federal,
State, and local governments and by airport oper-
ators; about $4 million is spent on research. In-
creasing the pavement life by as little as 10 per-
cent through research would result in a 50 to 1
benefit/cost ratio. This is an attainable goal the
program is working to achieve.
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Continued research in avisual guidance system is
necessary to enhance ground operations at night
or under low-visibility conditions. Filots and ve-
hicle operators must receive clear and unambigu-
ous information from lights, signs, and markings.
Improvementsin this areawill help eliminate run-
way incursions and aircraft collisions on airport
surfaces. State-of-the-art light sources and appli-
cations are necessary to enhance the safety and ef-
ficiency of aircraft operations. ICAQ is using the
results of United States, United Kingdom, and
European research efforts to develop uniform in-
ternational standards.

Research efforts are required to develop strategies
for attacking post-crash fires on new multilevel,
high-density seating, passenger aircraft being de-
signed by manufacturers around the world. Ele-
vated waterway and boom penetration devices are
examples of ways to provide increased passenger
survivability and evacuation protection. Training
requirements and firefighting simulators must still
be developed to fully utilize the new capabilities.
ICAQ isusing research results to develop interna-
tiona firefighting standards.

Program Area Outputs

The airport advisory circular system is the princi-
pal means by which the FAA communicates with
the user community—the Nation’s airport plan-
ners, designers, operators, and equipment manu-
facturers. Advisory circulars (AC) present the
standards used in the design, construction, instal-
lation, maintenance, and operation of airports and
airport equipment. In al projects funded through
the Airport Improvement Program (AlP), project
work must meet standards set in one of these
AC's. Thisrequirement ensures, for example, that
the $100 billion investment in airport pavement is
protected, by requiring pavement construction to
meet standards for design, performance, and dura-
bility. In addition, these circulars provide infor-
mation that promotes safe and efficient operation
under adverse weather conditions.

Over 100 AC'’s have been published on a wide
range of technical subjects, including airport de-
sign configuration standards, pavement design
and material, lighting and navigationa aids, fire-
fighting equipment and procedures, pavement
condition weather sensors, wildlife control, termi-

na building design, snow/ice control, and fric-
tion-measuring equipment and procedures.

The FAA updates AC's as and when necessary.
The information and data collected in our entire
Airport Technology R&D program culminates in
the updated AC's.

Program Area structure

Various elements of the Airport Technology pro-
gram area affect the safety and operation of air-
craft at or near the airport. Factors that determine
the eventual safety of aflight include:

e Push-back from gate
» Taxi to takeoff runway
* Visihility conditions

e Lighting, markings, and signs to guide the
aircraft to the departure runway

e Other ground traffic
* Runway surface conditions
e Presence of birds or deer

e Available overrun area beyond the end of the
runway

e Pavement structural integrity

In addition, the potential of rejected takeoff and
possible rescue efforts is a safety concern associ-
ated with every flight. This program area system-
atically addresses these issues with a single deter-
mination to establish an operational environment
that is free of accidents and fatalities.

Customer/Sakeholder 1 nvolvement

Airport Technology’s major projects support the
overal FAA mission of fostering a safe and effi-
cient airport system. Runway traction research di-
rectly supports the FAA Challenge 2000 recom-
mendation to develop new technologies and stan-
dards for runway friction measurement and saf ety
overrun arrester systems.

Several issuesin the Aviation Safety Plan are sup-
ported by Airport Technology research. These in-
clude preventing runway incursions; improving
takeoff and landing performance monitoring; de-
veloping environmentally acceptable alternatives
for deicing and anti-icing agents; and improving
ground navigation technologies, planning, stan-
dards, signage, and procedures.



Airport Technology rescue and firefighting re-
search supports an ICAQ initiative to replace en-
vironmentally harmful Halon 1211 for extinguish-
ing engine fires and other fuel fires.

Aircraft manufacturers and the FAA urgently
need new pavement design standards for operat-
ing next generation heavy aircraft. Manufacturers
need them to assure compatibility of their aircraft
on airport surfaces throughout the world. The
FAA needs them to assure the public that Federal
funds for rebuilding or strengthening runways are
being judiciously spent to protect the $100 billion
infrastructure investment.

These standards will be developed from data col-
lected on the National Airport Pavement Test Ma
chine—the first-ever of its kind—over the next 10
years starting in late 1998. Both the FAA and the
Boeing Company are stakeholders in this impor-
tant project. Financed through a cooperative R&D
agreement between the FAA and the Boeing
Company, the design and construction of the Ma
chine has been completed and operation of the fa-
cility began in December 1998. Boeing is provid-
ing $7 million (one-third of the total cost) towards
its completion. The FAA, Boeing, and ICAO will
develop pavement design standards for ensuring
aircraft-airport compatibility on a worldwide ba-
Sis.

Accomplishments

During the past 5 years, the Airport Technology
Program has provided products that have en-
hanced the safety of aircraft operations in the
United States and around the world. Research un-
derway, and which will continue into the future,
will save the public billions of dollars and protect
the environment while attempting to provide an
operational environment free of accidents and fa
talities.

The Airport Technology Program has provided an
engineering solution to aircraft overruns by devel-
oping the soft ground arresting system. The Port
Authorities of New York and New Jersey have au-
thorized installation of up to five systems at New
York airports at a cost of $4.5 million. The first
installation was completed in December 1996,
and the second is underway.

The Airport Technology Program has developed a
concept for an advanced taxiway system to auto-
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matically guide aircraft to and from runways and
ramps during low-visibility conditions by control-
ling taxiway lights and signs without inputs from
radar devices. A field demonstration is planned in
FY 1999. This system will reduce inadvertent air-
craft incursions.

The program has improved pavement marking
performance by adding retro-reflective glass
beads and silica, which enhances their visibility,
durability, and skid resistance.

The program has successfully tested an innova-
tive technology for aircraft deicing using infrared
energy. The first installation was completed at
Rheinlander airport in Wisconsin. This technol-
ogy offers potential cost savings over conven-
tional methods.

The program has introduced a new pavement de-
sign standard to accommodate the new Boeing
777. The new standard allows the aircraft to oper-
ate without weight penalties on existing pave-
ments. Without this standard, hundreds of mil-
lions of dollars would have been needed to
strengthen U.S. airport pavements.

The program has developed a Driver’s Enhanced
Vision System to allow airport rescue and fire-
fighting vehicles to navigate through fog, rain,
sleet, and snow. This technology enables quick
and effective response to crash sites. Severa air-
ports around the country have adopted this tech-
nology for their rescue vehicles.

R& D Partnerships

The Airport Technology Program is committed to

working closely with airport operators and ex-

perts from all branches of the aviation industry

and with existing expertise and facilities in the

Department of Defense, academics, highway sec-

tors, foreign countries, and the ICAO. The pro-

gram developed several cost-effective partner-

ships and agreements, including:

«  FAA-U.S. Army Waterways Experiment Sta-
tion, Interagency Agreement

« FAA-U.S. Army Philadelphia District Office,
Interagency Agreement

* FAA-U.S. Air Force, Tyndall Air Force Base,
Interagency Agreement

e« FAA-University of Illinois’/Northwestern
University, Center-of-Excellence for Airport
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Pavement Research, Partnership through
matching funds

e FAA-Boeing Company, Cooperative Re-
search and Devel opment Agreement, Partner-
ship through $7 million influx from Boeing
towards the Test Machine

e FAA-Canada (Public Works and Government
Services) Project completion of the $21 mil-
lion Pavement Arrangement for cooperative
research in pavement technology

« FAA-National Aeronautics and Space Ad-
ministration (NASA) Memorandum of Un-
derstanding for joint runway traction research

Through these partnerships, research results are

published in scientific journals, presented at tech-
nical conferences, and discussed at workshops.

Long-Range View

Support for friction testing of new products to
eliminate slipperiness as a cause of accidents will
continue beyond 2003. Operation of FAA's na
tional pavement test facility began in December
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1998 and will continue for 10 years. The data col-
lected from the test machine will allow smooth in-
troduction of new heavy aircraft expected to join
the fleet well into the next century. The pavement
design standards based on these data will:

*  Provide assurance to manufacturers about the
compatibility of their aircraft with airports
throughout the world

e Provide airport operators precise costs esti-
mates to permit new aircraft operations at
their facilities

e Allow airlines to plan for new equipment and
routes

e Give airport designers confidence in their de-
signs

This long-range commitment to improving airport

technology givesthe FAA thetoolsrequired to as-

sure the public that Federal funds are being judi-

cioudy spent and that public investment in infra-

structure is prudently managed.



AO05a Airport Technology

GOALS:

Intended Outcomes: The FAA intends to im-
prove airport system safety, efficiency, and capac-
ity through advancements in aircraft technology
and air traffic control systems. The FAA will also
develop and maintain standards in all airport sys-
tem areas to:

* Reduce aircraft accidents due to incursions,
particularly in low-visibility conditions

« Reduce aircraft accidents due to slipperiness
caused by ice and snow on runways

*  Reduce environmental impacts due to chemi-
cal usage on airports during winter operations

e Reduce the massive investment required for
pavements

e Improve post-crash rescue and firefighting
capabilities

« Reduce the negative impact of wildlife on air-
port safety

Agency Outputs: The FAA isrequired by law to
develop standards and guidance material for air-
port design, construction, and maintenance. The
FAA uses the airport advisory circular system as
its principal means of communicating with a user
community consisting of U.S. airport planners,
designers, operators, and equipment manufactur-
ers. AC's cover airport geometric design, pave-
ment design, safety areas, visual aids, access
roads, rescue and firefighting, ice and snow con-
trol, and wildlife control. The FAA and its re-
gional offices enforce standards and guiding ma-
terial when administering the AIP.

The Airport Technology program provides the
technical information necessary to support and
update these agency outputsin atimely manner.

Customer/Stakeholder Involvement: Approxi-
mately $2 billion is spent annually to provide op-
erationally safe and reliable airport pavements.
About half of thisamount is provided by the FAA
as AIP grants; the remainder is provided by State
and local governments and airport operators.
Projects funded under the AIP grants must con-
form to the FAA AC’s or standards.

Aircraft manufacturers need new pavement de-
sign standards for operation of next-generation
heavy aircraft to ensure compatibility of their air-
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craft with airport surfaces throughout the world.
To accomplish this, the FAA and the Boeing
Company have entered into a Cooperative Re-
search and Development Agreement to build a
unique full-scale pavement test facility at the
agency's William J. Hughes Technical Center.
Data collected from the project will be used by
the FAA, the Boeing Company, and ICAQO in de-
veloping international pavement design standards.

The FAA needs these standards to assure the pub-
lic that Federal fundsfor rebuilding or strengthen-
ing runways are being judiciously spent and also
to protect the $100 billion investment in the U.S.
infrastructure.

Accomplishments: During the past five years,
the Airport Technology research program has pro-
vided products to enhance the safety of aircraft
operations in the United States and around the
world. Research results are published as FAA
AC's and made available to users worldwide.
Some magjor accomplishments are:

* Installed soft-ground arresting systems for
stopping aircraft overruns at a major interna-
tional airport

* Installed prototype advanced taxiway guid-
ance system

» Developed improved pavement marking for
enhancing visibility, durability, and skid resis-
tance

e Began operations of an aircraft deicing facil-
ity using infrared energy at amidsize airport

« Developed driver's enhanced vision system

for firefighting vehicles to navigate in rain,
snow, and fog

« Developed an environmentally acceptable re-
placement for the chlorofluorocarbon (CFC)
0zone depletor Halon 1211

» Developed specification for 55-foot elevated
boom and aircraft cabin skin-penetration sys-
tem

e Issued new pavement design standards to al-
low operation of Boeing B-777 without
weight penalties

« Established a Center of Excellence (COE) in

Airport Pavement Research at the University
of Illinois and Northwestern University
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e Installed a comprehensive instrumentation
system in concrete pavements at Denver In-
ternational Airport

e Established an airport pavement data base
containing field data collected at Denver In-
ternationa Airport, allowing on-line accessto
researchers worldwide

e Published a technica report, Intermodal
Ground Accessto Airports: A Planning Guide

R& D Partnerships:

«  FAA-U.S. Army Waterways Experiment Sta-
tion*

« FAA-U.S. Army Philadelphia District Office*
« FAA-U.S. Air Force, Tyndall Air Force Base*

« FAA-USDA, National Wildlife Research
Center, Sandusky, Ohio*

e« FAA-University of Illinois’/Northwestern
University (COE for Airport Pavement Re-
search)**

e FAA-Boeing Company, Cooperative Re-
search and Development Agreement ($7 mil-
lion Boeing/$21 million total for National
Airport Pavement Test Maching)***

 FAA-Agencies of Canadian Government (for
pavement technology and winter operations
saf ety)***

e FAA-NASA (for joint runway traction re-
search)*

*  FAA-Port Authorities of New York and New
Jersey (for design and construction of aircraft
arrestor bed)*

e FAA-industry (to test and develop infrared-
deicing facilities and soft-ground arrestor ma-
terias)

*  Interagency agreement or Memorandum of
Agreement (MOA)

**  Partnership through matching funds
*** Cost Sharing.

Through these partnerships, research results are
published in scientific journals, presented at tech-
nical conferences, and discussed at workshops.
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MAJOR ACTIVITIESAND ANTICIPATED
FY 1999 ACCOMPLISHMENTS:

Airport planning and design technology

e Continued data collection for taxiway center-
line deviation study at John F. Kennedy Air-
port

Airport pavement technology

e Continued 3-dimensional finite element
model (FEM) development: computational
efficiency and model verification

e Updated pavement design program package
(layered elastic design)

e Continued joint load transfer and layer inter-

face models and field performance of stabi-
lized base materias

e Continued data collection and analysis at
Denver International Airport

e Published report, Field Performance of Pre-
Sressed Fibrous Concrete Pavements

National Dynamic Airport Pavement Tests
e Completed construction and commenced test

operations of the FAA's National Airport
Pavement Test Machine

Airport safety technology.
e Published AC on aircraft arrestor beds

e Continued development means to acquire and
report runway surface friction values for pilot
use

e Completed installation and continued evalua-
tion of prototype advanced taxiway guidance
system

e Began designing next-generation airport cir-
cuitry/components test bed

e Initiated study on stability of heavy rescue
vehicle and anti-rollover systems

»  Continued development of the full-scale post-
crash interior fire suppression facility to
include second-level passenger seating cabin
fires

KEY FY 2000 PRODUCTSAND MILE-

STONES:

e Begin data collection for taxiway centerline
deviation study at Chicago O'Hare airport

«  Complete pavement response tests



Initiate performance (life) tests

Analyze full-scale machine data to relate per-
formance to designs

Continue 3-dimensional FEM model devel op-
ment

Continue data collection and analysis at Den-
ver International Airport

Conduct evaluation of prototype advanced
taxiway guidance system.

Issue specifications for improved airport
lighting

Publish testing standards for airport firefight-
ing extinguishing agents

Conduct study to develop new standards for

anti-rollover and stability requirements for
heavy airport rescue vehicles
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e Publish specifications for aircraft infrared
deicing system

FY 2000 PROGRAM REQUEST:

The Airport Technology FY 2000 research pro-
gram is a collaborative effort among many gov-
ernment organizations, universities, and industry
associations. The program funding requested pro-
vides the contract support necessary for an inte-
grated, effective research program that delivers
the standards and guidelines for maintaining and
enhancing airport infrastructure.
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A05a - Airport Technology
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

051-110 Airport Planning and Design Technology
Continued Data Collection for Taxiway Centerline Deviation Study at
JFK Airport
Continue Data Collection for Taxiway Centerline Deviation Study at
Chicago O’Hare Airport
051-120 Airport Pavement Technology
Updated LEDFAA Pavement Design Program Package

Published Report on Field Performance of Pre-Stressed Fibrous
Concrete Pavements

Continue 3D FEM Model Development
Continue Data Collection and Analysis at DIA

Analyze Full-Scale Machine Data to Relate Performance to Designs

051-121 National Dynamic Airport Pavement Test
Complete Construction of the National Airport Pavement Test Machine
Complete Pavement Response Tests

Initiate Performance (Life) Tests

051-130 Airport Safety Technology
Issued Specifications for Airport Signs
Published Advisory Circular on Aircraft Arrestor Beds
Designed Next Generation Airport Circuitry/Component Test Bed

Completed Installation and continued Evaluation Prototype Advanced
Taxiway Guidance System

Initiated Study on Stability of Heavy Airport Rescue Vehicle

Conduct In-Service Evaluation Prototype Advanced Taxiway Guidance
System at a Major Airport

Conduct Study to Develop New Standards for Heavy Airport
Rescue Vehicles

Issued Specifications for Improved Airport Lighting
Publish Testing Standards for Airport Fire Fighting Agents
Publish Specification for Aircraft Infrared Deicing System

Develop Innovative Methods for Deicing/Anti-Ice Runways

*e o

O O00

O 00

SO0

SO0

® G600

SO0 O O

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

3,742
1,874
384

2,709
2,068
423

2,604
1,989
407

2,703
2,016
281

4,858
2,141
217

6,000

5,200

5,000

5,000

7,216




1999 FAA NATIONAL AVIATION RESEARCH PLAN

2.3 Aircraft Safety

Mission e Support fire research and safety by develop-

The mission of the Aircraft Safety program is to ing near-term fire safety improvements to
provide a safe global air transportation system by prevent uncontrollable in-flight fires and in-
establishing safety standards and acceptable prac- crease post-crash fire survival rates and con-
tices through development of technical informa- ducting long-range research to develop ultra
tion, tools, and technology to ensure safe opera- fire-resistant cabin materials

tion of the civil aircraft fleet. « Promote advanced materials and structural

This program addresses the many hazards that Safety by ensuring both the safety of U.S.

face all aircraft in flight, as well as special haz- civil aircraft constructed'of a_dvanced materi-

ards that apply to select portions of the civil air- &S and passenger survival in the event of an
craft fleet. For example, older aircraft are more accident

susceptible to structural problems associated with Enhance aviation safety risk analysis by

fatigue and corrosion. New aircraft—with digital  improving FAA and industry measurement of

flight control and avionics systems, associated and accountability for safety performance

imbedded software, and construction of new non- through risk assessment and operational indi-
metallic materials—present significant challenges cators and sharing safety-related data

in certification, continued airworthiness, and op-,

eration. However, all aircraft, old or new, musﬁlrcraft safety improvements will reduce fatali-

deal with the hazards of adverse weather ies and injuries, reduce hull losses, improve air-
' craft designs, positively affect aircrew perfor-

Intended Outcomes mance, and impact maintenance and inspection

The Aircraft Safety program supports the FaAdrocedures. Potential significant safety benefits
safety mission goal—by 2007, reduce U.S. avidoclude:

tion fatal accident rates by 80 percent from 1996 Reducing the approximately 30 to 35 U.S.

levels. fire fatalities per year and 135 worldwide, in

The Aircraft Safety program focuses on improv- otherwise survivable accidents. At an esti-

ing system safety in the following research pro- mated savings of $2.7 million per life, saving
grams: 24 lives per year would pay for the entire air-

craft safety research, engineering, and devel-

« Support aging aircraft by developing technol- opment effort.

ogies, procedures, and practices that ensure

the continued airworthiness of aircraft struct Using a more reliable airframe inspection
tures in the civil flee technique, which has been approved as an al-

ternate inspection technique for detecting cor-
rosion at the juncture of wing and fuselage on
DC-9's. The new technique will save over
700 person-hours per inspection, compared to
aircraft systems that could result in cata- tr;e current mslpectlg_n methotc)jl. Tr}e rt]ech_nlqu?t

strophic failure of the aircraft also requires less disassembly of the aircra

_ part to conduct the inspection, resulting in

 Promote fll_ght safety and reduce the_ effects of |ess chance for damage during disassembly

atmospheric hazards by addressing atmo- 4ng reassembly. One airline estimates that by

spheric _h'aza_rds in the design, development, using the new inspection technique, it can

and certification process save over $2 million over the maintenance
* Improve propulsion and fuel systems by en- cycle for its fleet of DC-9s.

hancing the airworthiness, reliability, and per-

formance of civil turbine and piston enginesProgram Area Outputs

their propellers, fuels, and fuel managementhe FAA establishes rules for aircraft certifica-

systems tion, operation, inspection, maintenance and re-

* Prevent catastrophic failure by developing
technologies and methods that will assess the
risk and prevent defects, failures, and mal-
functions of aircraft, aircraft components, and
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pair, and publishes advisory circulars to outline — Mechanical and electrical system reliability
acceptable means of meeting the rules. The FAA  and integrity (reducing aircraft systems
also disseminates technical information in various  failure)

forms to agency airworthiness inspectors and {o
industry to improve aircraft construction and , e _
maintenance practices. Technical information is — Crashworthiness (maximizing crash surviv-
developed to establish criteria for safety systems, ~ apility and escape)

such as seat restraints and protective breathing — Fire safety (preventing fire and fire fatali-
equipment. ties)

Accident and incident mitigation

The primary objective is to improve system safet{zustomer/Stakeholder Involvement

based on elimination of causal factors related Research programs within the Aircraft Safety pro-
aircraft and flight hazards. Aircraft safety regram directly support the Aviation Safety Plan
search provides the technical information necegeebruary 1996) through research supporting pri-
sary to support agency outputs. ority issues associated with the following work-

shops: safety data collection and use, application

Aircraft Safety program research customers ins; emerging technologies, and aircraft mainte-
clude aviation manufacturers and aircraft and avjynce procedures and inspection.

onics maintenance facilities, aircraft operators,

and the general public who use commercial airhe Subcommittee on Aircraft Safety, of the FAA
transportation. The safety research program sugesearch, Engineering, and Development Advi-
ports customer requirements by providing tool§ory Committee, periodically reviews segments
that can demonstrate compliance and developifthe Aircraft Safety program area. Most recently
advisory information to ensure the safety of théhe subcommittee completed a review of the Ag-
flying public. Aviation safety research sponsor$g Aircraft program in 1997. The program de-
are FAA personnel in Flight Standards (AFS) angcribed here is fully responsive to the advice of
Aircraft Certification (AIR). The aircraft safety the subcommittee.

program supports sponsor requirements by prgne paas primary mission, as originally man-
viding the research to aid rulemaking and regulgrateq in Sections 312 and 316 of the Federal Avi-
tion development and by developing technicaliion act of 1958, is to develop, modify, test, and
data and guidanc_e material to develop standargg,;yate systems, procedures, facilities, and de-
rules, and regulations. vices to meet the needs of safe and efficient avia-

tion.
Program Area Structure o
The FAA's research mission was expanded when

The Aircraft Safety program includes research itongress passed the legislation known as the Avi-
a wide range of areas related to aircraft, crew, aRgon Safety Research Act of 1988 (Public Law
passenger safety. It focuses on eliminating hazpo-591). The act mandates the FAA to “under-
ards to the air transportation system, by both prgske or supervise research to develop technologies
venting accidents from happening and by mitigaknd to conduct data analysis for predicting the ef-
ing the effects of those accidents that do ocCyects of aircraft design, maintenance, testing,
Prevention and mitigation activities include:  \ear, and fatigue on the life of aircraft and on air
safety, to develop methods of analyzing and im-
proving aircraft maintenance technology and
— Structural |ntegr|ty (preventing aircraft praCticeS." The 1988 act also authorized the FAA
structural failure) to generate technology breakthroughs where tech-
nology gaps need to be closed while emphasizing
— Propulsion systems (ensuring reliable air- the importance of long-range research.
craft power)

« Accident and incident prevention

Passage of the Aircraft Catastrophic Failure Pre-
— Flight safety (minimizing operational haz- vention program under the Omnibus Reconcilia-
ards) tion Act of 1990 (Public Law 101-508) further ex-
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panded the FAA research mission. While the FAANumerous advisory circulars (AC’s) have been
mission originally focused on airplane improvedeveloped for a wide range of aviation safety-re-
ments, the 1990 amendment added proactive tated activities, including crew resource manage-
search to make airplanes free from catastrophimcent, design of composite structures, corrosion
failure. control, aircraft deicing, inspection, and repair.

i . AC’s controlling aircraft ground deicing for both
Safety aviation research will reduce the hazartiigr e transport airplanes (AC 120-58, 9/92) and
of operating aircraft, thus providing a high leve 9 P P '

-smaller commuter airplanes (AC 135-17, 12/94)
of safety. Much of the technology developed WIIElre aimed at ensuring the safe operation of large

also enhance U.S. aviation industry competitive-

ness. for both manufacturers and operators airplanes and air taxis during icing conditions.
' P : These AC’s provide guidelines for developing ad-

Accomplishments equate deicing procedures.

Research results are disseminated to the ager@gchnical data have been developed to support
(aircraft certification and flight standards) and ts¢tandards development and the certification pro-
industry (aircraft manufacturers, operators, angess and the Airworthiness Directive (AD) and
maintainers) as: Notice of Proposed Rulemaking (NPRM) issu-
) ) _ance. For example, an alternative method of com-
* Technical and regulatory guidance for airyjiance was developed for composite structures
frame maintenance in the form of handbookgy, o+ significantly reduced fatigue testing time to
technical bulletins, aircraft-specific inspecgngre required service life. This method has been
tion requirements, advisory circulars, andiseq syccessfully in the certification process of
rules many aircraft components (a recent example:
* \Validated instrumentation, procedures, aneneral Electric GE90 turbofan engine fan
methodologies for aircraft maintenance, inblades) and has been adopted as an international
spection, and repair standard.

* Reports that provide relevant technical inforgrep Partnerships
mation for aircraft manufacturers, operator

and maintainers SIi’rogram activities are closely coordinated with

) ) ~related initiatives underway within other Govern-

* Technical data provided to the community afent agencies, including the Department of En-
conferences, symposia, workshops, and hargrgy (DOE), the Department of Defense (DOD),
ware/software prototype demonstrations  and the National Aeronautics and Space Adminis-

« Criteria to support certification of aircraft andtration (NASA). Formal agreements of coopera-

their Safety and emergency equipment tion are in place with the Air Force, Army, Navy,

. . NASA, DOE, and in developing standardization
* _Te(_:hnlcal _data to _support regulato_ry OverS'ngata for materials in MIL-HDBKS 5 and 17.
in inspection, maintenance, repair, and stan-

dards development International agreements are in place with Gov-

+ Trainng materials in areas such s damaIEn! encies 10 esesich aboraore i e
tolerance requirements, corrosion contro 9 ’ ’ ey,

inspection, and maintenance and repair Australia, Canada, and Russia.

el%lumerous grants are in place with universities

Several prototype inspection devices develop d research laboratories to leverage their inter-
tested, and validated in this research prograﬁfgts and capabilities. Partnerships gave been es-
have shown significant potential for more accu- b ' P

rate, reliable flaw detection in the airframe and ihab“Shed with academia and industry through

; . .consortia and centers of excellence. For example,
engines. One method for engine component It_e Airworthiness Assurance Center of Excgl-
spection in particular has shown a fourfold im:

. s : nce (AA-COE) was established in September
provement in sensitivity for detecting the type of ) i
flaw that led to the 1989 Sioux City accident thal 997 to conduct research In the areas of:

killed 211 people.
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* Maintenance, inspection, and repair » Hardware and software prototype demonstra-

« Crashworthiness tions and technology workshops

« Propulsions and fuel systems safety technolo- The FAA Aging Aircraft Nondestructive
gies Inspection Validation Center (AANC) dem-

onstrations and validations of cost-effective

aircraft inspection equipment and techniques
The AA-COE consists of 9 core members, 68 in-  to industry

dustry partners, 31 university affiliates, and 12
other partners, including other Government labd-ong-Range View

ratories and state organizations. The COE prehe need for safety and safety-related research
vides matching funds, which solidify a significaniyij| continue indefinitely. With the emergence of
COA-FAA partnership. Through this partnershippew and advanced technologies, there will be an
the Government, academic institutions, and insngoing need to improve air transportation sys-
dustry leverage the resources available for avigsm safety. There will always be a need to under-
tion research. stand the impact of new technology on operator
performance. As air traffic continues to increase,
nd as aircraft continue to age, there will always
e a need to address issues related to aging air-
craft.

 Advanced materials

Technology Transfer

Technology transfer occurs through a variety 03
mechanisms:

« Technical reports documenting research r

sults SWith new technology, new damage mechanisms

) ) may occur, introducing hazards that must be un-
* Conferences on a wide range of subjects dgerstood and addressed. Similarly, medical ad-
signed to disseminate technical information yances in diagnosis and treatment force a continu-
» Technical organizations, such as the Amering examination of crew or passenger limitations
can Society on Testing and Materialsn existing and future aircraft. Research in aircraft
(ASTM), Society of Automotive Engineerssafety must be continued to understand the impact
(SAE), and American Institute of Aeronauticsof changes in technology on current regulatory
and Astronautics (AIAA), that use study comsafety standards, certification procedures, and ac-
mittees to ensure the transition of research reeptable practices for demonstration of compli-
sults to standards, guidelines, etc. ance mandates.
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AO6a Fire Research and Safety

GOALS:

Intended Outcomes: The FAA intends to im-
prove system safety by developing technologies,
procedures, test methods, and criteria for prevent-
ing accidents caused by in-flight fires and elimi-
nating burning cabin materials as a factor in post-
crash fire survivability. The Fire Research and
Safety program focuses principally on:

* Long-term research to develop new interior
materials that meet fire-resistance criterid
mandated in the Aviation Safety Research
Act of 1988

* Near-term improvements in aircraft fire

and improve interior material fire tests. Rec-
ognizing FAAs unique capabilities in fire
safety, the aviation industry actively partici-
pates in separate working groups headed by
the FAA to develop approval standards for
halon replacements and improved material
fire tests. Foreign airworthiness authorities
are active participants as well, to ensure har-
monization of outputs.

The National Transportation Safety Board
(NTSB) relies heavily on program personnel
for onsite accident investigation, such as the
ValuJet and TWA 800 accidents.

detection and suppression systems and intAecomplishments: Fire research and safety re-
rior materials fire test methods and criteria sults were provided to FAA certification and in-

Agency Outputs: The FAA establishes rules for
aircraft fire safety in terms of material selection
design criteria, and operational procedures. T)i
agency also provides advisory material on met
ods of compliance with fire safety regulations an
guidelines. The Fire Research and Safety program
is the major source of technical information used
to develop this regulatory material. Additionally,
the program provides industry with new safety
products developed through long-term applied re-
search. These products are typically embodied by
new materials and formulations, new test meth-
ods, government-owned patents, reports, and
journal publications.

Customer/Stakeholder Involvement: The FAA

has broad industry and government participation
in each aspect of the Fire Research and Safety
program.

* The subcommittee of the FAA Research, En;
gineering and Development Advisory Com-
mittee has repeatedly endorsed the Fire Re-
search and Safety program and placed hig
priority on its activities. ¢

* Long-term research in fire-resistant materials
is required by specific language in the Avia-
tion Safety Research Act of 1988 and is di¢
rectly supported by the aircraft industry and
materials producers through university-based
FAA research consortia. .

e The aircraft manufacturers and airlines have a
need to evaluate halon replacement agents

spection personnel for use in fire safety regula-
tions and advisory material, approval of regula-
ary fire test procedures, and approval of aircraft
Ire protection installations. Recent program ac-
aomplishments:

Supported a major new regulation, issued
February 10, 1998, that requires the retrofit of
2,994 transport aircraft with cargo compart-
ment fire detection and suppression systems

Documented full-scale fire tests, demonstrat-
ing significant fuselage burnthrough improve-
ments provided by new or protected thermal
acoustical insulation materials

Documented full-scale fire test findings re-
lated to cargo compartment fire protection,
including the effectiveness of halon against
aerosol cans and oxygen generator fires, and
the effectiveness of halon replacement agents

Published technical report describing initial
development of an exploding aerosol can
simulator

Published final report reviewing flammability
hazard of Jet A fuel vapor in civil transport
fuel tanks

Developed computer program that predicts
the probability of a fuel tank explosion based
on input flight and fuel temperature profiles

Completed large-scale fire tests and recom-
mended a draft thermal protection test stan-
dard related to the shipment of pressurized
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oxygen bottles in support of pending rulewith Canadian, Japanese, and European aviation
making authorities.

» Demonstrated near-zero heat release of chidhe Fire Research and Safety program also has
robisphenol polymers (potential for entiregrant programs with many educational institutes.
family of cost-effective, noncombustible Several Fortune 500 companies share costs of de-
plastics and resins for aircraft cabins) veloping new fire-resistant materials at univer-

» Developed accurate, simple model of fue§|ty-based FAA research consortia.

generation process in burning plastics tRAJOR ACTIVITIES AND ANTICIPATED

guide development of new, low-heat-releasey 1999 ACCOMPLISHMENTS:
materials

« Determined that health hazards of airborne ff're resistant materials

bers from burning carbon fiber-reinforced air* Scaled up benzoxazine chemistry and pro-
craft composites are negligible for firefighters duced flre_re3|stant, nontoxic interior panels
and airport personnel for evaluation of heat release rate

Demonstrated decorative panel with 50 per-

« Determined that fire retardant chemical addi* L
cent reduction in heat release rate

tives are not effective in heat-resistant poly-
mers » Demonstrated optimized design, theory, and

- ) operation of microscale heat release rate calo-
In addition, about 24 reports and published papers |imeter for commercialization

are generated yearly from in-house activity. Fire
test laboratories are used annually to train FAA
certification engineers, and program personnel
participate in approximately three major accident
investigation yearly at NTSB request. The FAAg; o etection and suppression
operates the most extensive aircraft fire test facili-
ties in the world. ’

Published heat release rate database on cur-
rent, new, and developmental fire-resistant
polymers

Developed performance standards for gas-
eous halon replacement agents in cargo com-
R&D Partnerships: The FAA sponsors an inter- partment and engine fire-extinguishing sys-
national halon replacement working group. The tems

group collaborates in research and development gyajuated aircraft smokeffire detector respon-

Ieading to alternate agent selection for ajrcrgft ap- sjveness and characterized smoke environ-
plications as well as test methods and criteria. The mpent during full-scale cargo compartment fire

FAA also sponsors an international aircraft mate- ggtg

rials fire test working group. This group strives to

improve standardization of material fire testsFire safety design

such as engaging in round-robin testing to ensuwe peveloped a stringent fire test standard for
that the lab-to-lab variation in results is accept- tnermal acoustical insulation

I Il. . .
ably sma » Completed design guidelines for post-crash

The FAA organized an interagency working fire burnthrough resistance hardening of air-
group on fire and materials to provide a vehicle craft fuselages

for technology exchange among U.S. Govern- pyplished upgradedircraft Materials Fire
ment agencies and to prevent unwarranted dupli- Tests Handbook

cation of work. The FAA has interagency agree-

ments with the U.S. Air Force and the NationakKEY FY 2000 PRODUCTS AND MILE-

Institute of Standards and Technology for comSTONES:

mon-interest research. The agency has a memo- ] _

randum of cooperation with the British Civil Avi- Fire-resistant materials

ation Administration for a variety of fire safety re-« Demonstrate thermoplastic for molded parts
search efforts and separate letters of cooperation with 50 percent reduction in heat release rate
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» Determine heat-release rate of chlorobisphe chlorobiphenol monomer. Also, as part of a
nol-based polymers multiyear endeavor to demonstrate interim im-
. . . proved material performance, thermoplastics for
Fire detection and suppression ~_use in molded parts with a 50 percent reduction in
* Complete cargo compartment water mist firgeat-release rate will be identified. Near-term fire
suppression system evaluation safety improvement testing will concentrate pri-
e Complete full-scale test evaluation of solidnarily on fire detection and suppression. Solid
propellant gas generator technology for applpropellant gas generator technology developed by
cation in engine fire extinguishing systems the military will be evaluated for application in
- Develop smokeffire simulants for use incivil transport engine fire-extinguishing systems.
cargo detector approval testing The effectiveness of water mist systems against
eYarious types of cargo compartment fires, includ-
ing those fires involving aerosol cans, will also be
determined. Additionally, smoke and fire simu-
Fire safety design lants will be developed and evaluated for use in
« Initiate study of aircraft hull losses and fataliSmoke detector certification testing. New research

» Determine fuel tank explosive hazards of fu
pump sprays

damage termine the hazards of fuel pump sprays com-
monly used in fuel tank systems. Finally, work
FY 2000 PROGRAM REQUEST: will commence related to oxygen system fire

In FY 2000, long-range research on ultra fire-resafety by initiating a study to document and ana-
sistant aircraft interior materials will focus onlyze past aircraft fire fatalities and hull losses
synthesizing and evaluating the heat-release ratgaused by the malfunction or crash impact dam-
of an entire class of promising polymers based age of oxygen systems.
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AO6a - Fire Research and Safety
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

061-110 Fire Research & Safety

Fire Safety Design

Initiated Study of Aircraft Hull Loses and Fatalities Caused by
Oxygen System Malfunction or Damage

Published Upgraded Material Fire Test Handbook

Completed Design Guidelines for Postcrash Fire Burnthrough
Resistance Hardening of Aircraft Fuselages

Evaluate In-flight Flame Spread Characteristics of Thermal
Acoustical Insulation

Fire Resistant Materials

Scaled-Up Benzoxazine Chemistry and Produced Fire Resistant,
Non-toxic Interior Panels for Evaluation of Heat Release Rate

Demonstrated Decorative Panel with 50% Reduction in Heat
Release

Published Database on Heat Release Rate of Current, New and
Developmental Fire Resistant Polymers

Demonstrated Optimized Design, Theory and Operation of
Microscale Heat Release Rate Calorimeter for Commercialization

Demonstrate Thermoplastic for Molded Parts with 50% Reduction
in Heat Release Rate

Determine Heat Release Rate of Chlorobiphenol-based Polymers

Fire Detection and Suppression

Completed Cargo Compartment Water Mist Fire Suppression
System Evaluation

Developed Performance Standards for Gaseous Halon
Replacement Agents in Cargo Compartment & Engine Fire
Extinguishing Systems

Evaluated Aircraft Smoke/Fire Detector Responsiveness and
Characterized Smoke Environment

Determine Fuel Tank Explosive Hazards of Fuel Pump Sprays

Complete Full-scale Test Evaluation of Solid Propellant Gas
Generator Technology

Revise Draft Advisory Circular for Smoke/Fire Detection

Criteria for Approval of Reduced False-Alarm Smoke/Fire Detector
Designs

Assess 02/N2 Separation Membrane Technology

Draft Oxygen Systems Safety AC

L 2R 4

* & o o

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Personnel Costs
Other Costs

Total

1,999
3,072
629

2,963
3,345
685

3,377
3,001
615

2,008
2,315
337

2,070
3,116
342

5,700

6,993

6,993

4,750

5,528
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A06b Advanced Materials/Structural Safety

GOALS: The Advanced Materials/Structural Safety pro-

Intended Outcomes:The FAA intends to ensure 9ram provides support in rulemaking and devel-
the safety of U.S. and foreign made civil aircraffPment of guidance material for industry compli-
constructed of advanced materials as well as @&ce. In structural safety, the FAA revises or up-
improve passenger survival of accidents. The agates Federal Aviation Regulations to accommo-
vanced materials area focuses on the followirfdate new information for overhead stowage bins,

technical areas: auxiliary fuel tanks, and seat/restraint systems.
« Standardized analysis and test methods f&stomer/Stakeholder Involvement:The FAA
worldwide harmonization has established the need for the Advanced Materi-

Is/Structural Safety program through consensus

« Better understanding of effects of repeateauiI ding activities:

loads, damage, and joint configurations on re-
maining strength and life of composite air+ The Aviation Rulemaking Advisory Commit-
craft structure tee (ARAC) is an FAA/industry forum estab-
lished to ensure that agency rulemaking is ef-
fective in achieving intended results. ARAC
is also effective in identifying requirements
and priorities for supporting R&D activities.

The Challenge 2000 report concludes that

FAA should enhance its already effective

» Enhanced occupant survivability and reduced program of gathering data and improving the
personal injury in accidents certification of composite structures.

* Improved crash characteristics of aircraft A recent National Research Council report
structures, cabin interiors, auxiliary fuel tank  highlights the needs related to advanced ma-
systems, and occupant seat/restraint systems terials and urges FAA to step up advanced

* Reliability methods, as they apply to the
design of composite aircraft components, and
criteria for acceptable risk

The structural safety area focuses on the follow-
ing technical areas:

« Improved analytical and modeling capabili- materjals research for aircraft community
ties to develop improved structural, occupant, Penefits.
and seat restraint systems « The Advanced Materials/Structural Safety

program is responsive to Public Law 100-
591, Aviation Safety Research Act of 1988,
and House of Representatives Report 100-894
to develop technologies, conduct data analy-
sis for current aircraft, and anticipate prob-
lems of future aircraft.

Agency Outputs: The FAA establishes rules for
aircraft certification and operation and publishes
advisory circulars to provide acceptable means of
achieving compliance with those rules. While the
rules are the same for composite or metal struc-
ture, the means of compliance reflect behavioral
differences in the structural materials. AC 20Accomplishments:Program results are provided
107A, “Composite Structure,” has been pubto aircraft manufacturers, maintainers, and opera-
lished, but advances in technologies and materidts's in the form of technical reports, handbooks,
necessitate periodical update and expansion of thdvisory circulars, and guidance in the process of
AC. certification.

Technical information is disseminated to regulain the advanced materials area, the program has
tory personnel through technical reports, handipdated or issued two advisory circulars and four
books, and guidance by the FAA National Rehandbooks; published more than 40 technical re-
source Specialist. The goal is to develop pertinepbrts, articles, and papers; and co-sponsored 3
data so that the regulatory processes keep pdeehnical conferences with attendance of approxi-
with industry advances, including state-of-the-amnately 1,200 experts. A three-volume report on
test and evaluation for state-of-the-art technologgst methods for composites was disseminated to
and design. industry and government to provide an authorita-
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tive compendium on state-of-the-art composite the structural safety area, there have been
testing with recommendations for usage and ideagreements for cooperative programs with the
tified gaps. An alternative method of complianc®&ational Highway Traffic Safety Association
to demonstrate repeated load life was develop€édHTSA), the U.S. Army, the U.S. Navy, and
and now significantly reduces fatigue testing tim&ASA Langley Research Center. There has been
to ensure required service life. This method haordination with the French and Italian Govern-
been used successfully in the certification procegsents through memoranda of cooperation and an
of many aircraft components (recent example: trexchange of personnel in the crash testing area. A
General Electric 90 fan blades) and has be&ooperative research program in development of
adopted on a world-wide basis. crash modeling software tools is underway with
the United Kingdom. The program has also
worked closely with Wichita State University to
* Four reports on in-house commuter crastlievelop crash dynamic models and experimental,
testing, as well as reports on aircraft ditchingnergy-absorbing seats. The structural safety area
and aircraft flotation, have been widely dishas established working relationships with air-
seminated. framers, such as Boeing Company and Beech-
« Rulemaking has been proposed for commuté&faft: and with manufacturers of overhead bins
seat/restraint systems. and auxiliary fuel tanks. A cooperative agreement

i i for research and development is in place with bin
* Inservice overhead stowage bins have begRsnufacturer Northwest Composites.

made more resilient to crash impact.
dhe advanced materials and structural safety ar-

* A workshop on a crash impact modeling cod . . .
developed by the FAA was held for certifica-£S are benefiting from a close working relation-
tion engineers and industry participants ship with the Airworthiness Assurance Center of

Excellence. The research performed under this

area, the FAA coordinates with NASA to leveriectyal contributions of its core universities.

age research expenditures. The FAA concentrates
on safety and certification issues, including tesfyAJOR ACTIVITIES AND ANTICIPATED

ing, while NASA has the lead in analysis and deey 1999 ACCOMPLISHMENTS:
sign issues. Currently, the FAA supports NASA

efforts to develop a composite property data bagglvanced materials
for general aviation (GA) aircraft under the,
NASA Advanced General Aviation Transport Ex-
periments (AGATE)/Integrated Design and Man-
ufacturing (IDM) program.

The FAA co-sponsors, with the U.S. Army, MIL-"
HDBK-17, a primary and authoritative source for
statistically based characterization data of current
and emerging composite materials. This interna-
tional reference reflects the best available data Verified previously developed risk assess-
and technology for testing and analysis and in- ment software using different estimation
cludes data development and usage guidelines. methods

FAA officials use the handbook as a primary sup-
porting document in structural substantiation in
the certification process. On recommendations by
the ARAC committee, material data contained im Provided data base on test methods for shear
the handbook will be acceptable for use in the cer- loading of composite structures to provide
tification process. There is also one international information for an authoritative compendium
agreement to share work on reliability prediction on state-of-the-art composites testing, with
methods for composites. recommendations on test methods

In the structural safety area:

Updated Composite Materials Handbook
(Volume 2-Material Propertigsfor use by
rulemaking and compliance personnel

Completed research on damage accumulation
in composites due to repeated loads. This
aids in developing certification criteria for
composite structural components

Identified the principal risk drivers that con-
trol the safety of composite airframes
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Structural safety * Complete assessment of the crash resistance

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Completed vertical drop test of one B-737 fu- of current rotorcraft, commuter, and transport

selage section with an auxiliary fuel tank to ~ fuel systems

determine the dynamic loads imposed on fuel Establish guidelines for conducting head in-

tanks jury criteria component testing to supplement
full-scale testing

Complete aircraft crash modeling tool for
accident investigators

Advanced materials FY 2000 PROGRAM REQUEST;

Establish methodology to predict delaminag, Fy 2000, the program continues to focus on
tion initiation and growth at critical details inyhe areas listed at the beginning of the “Goals”
composite structures section above. Specific areas are damage toler-
Provide a data base for support to AGATEANnce of sandwich structures applicable to current
IDM on effects of bond thickness on strucand future aircraft fuselages, durability of textiles,
tural performance of small composite aircraftand developing a data base on effects of bond

Generate a data base for durability of textilg'”(:kness on s_truct_ural performance of small

forms and stitching as manufactured by resiionded composite aircraft.

transfer molding Within the structural safety area, characterization
of crash-induced commuter airplane loads, trans-

Structural safety port category overhead storage bins, and auxiliary

Complete vertical drop test of a B-737 fusefuel tank systems are continued. Other areas of re-
lage section with overhead storage bins to deearch to be continued are crash resistance of fuel
termine the dynamic loads imposed on stosystems and development of a component tester
age hins for head injury criteria compliance.
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A06b - Advanced Materials/Structural Safety
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

062-111 Advanced Materials Structures
Advanced Materials

Provided Database on Test Methods for Shear Loading
Verified Developed Risk Assessment Software
Identified the Principal Risk Drivers of Composite Airframes
Establish Methodology to Predict Delamination Initiation
Establish Database on Effects of Bond Thickness
Generate Database for Durability of Textile Forms
Update AC-107A Composite Structure for Durability
Establish Guidelines for Probabilistic Design Certification
Develop Database on Verified Design Practice for Adhesive Joints
Develop Database on Damage Tolerance of Sandwich Structure
Durability and Damage Tolerance Data for Rotorcraft

Identify Data for Certification of Materials at Elevated
Temperatures

Develop Certification Methodology for New Materials and Forms
062-110 Structural Safety

Structural Safety

Completed Vertical Drop Test of a B737 Fuselage Section with
Aucxiliary Fuel Tank

Establish Guidelines for Conducting HIC Component Testing

Complete Assessment of the Crash Resistance of Transport Fuel
Systems

Complete Vertical Drop Test of B737 Fuselage Section with
Stowage Bins

Complete Aircraft Crash Modeling Tool for Accident Investigators
Publish Data on Ditching and Water Impact

Publish Data on Crash Resistance of Transport Aircraft Stowage
Bins

Identify Transport Ditching Requirements

Define Rotorcraft Crash Pulse

Define New Occupant Injury Criteria

Establish Crash Test Database

Validate Water Impact Model

L 2R 2

OO0

SO0 00

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

332
1,384
284

1,249
1,507
309

2,059
835
171

809
803
122

1,089
1,109
140

2,000

3,065

3,065

1,734

2,338
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A06c Propulsion and Fuel Systems

GOALS:

Intended Outcomes: The FAA intends to im-
prove system safety by enhancing the airworthi-
ness, reliability, and performance of civil turbine
and piston engines, their propellers, fuels, and
fuel management systems. The major program
outcomes include:

e Continued reliability and safety of general
aviation operations by providing a safe transi-
tion to a new high octane unleaded aviation
gasoline .

* A reduction in the number of intrinsic turbine
rotor failures by improved and standardized
design and life-management procedures

* Improved manufacturing process standards
for premium quality titanium alloy, turbine
rotor components

« Reduced turbine engine failure/downtime and
improved maintenance efficiency through ad-
vanced monitoring/diagnostic hardware and
software

* Minimized the probability of in-flight fuel
tank explosions

* Continued reliability and safe use of Jet A
fuel containing red dye contamination

Agency Outputs: The FAA maintains the airwor-
thiness of aircraft engines, fuels, and airframe fuel
management systems by issuing certification and
advisory standards and by supporting technical
society specifications and recommended prac-
tices. The FAA also publishes technical informa-
tion in the public domain in various forms. The
agency may also provide technology to the indus-
try through hardware and software prototype
demonstrations and technology workshops or var-
ious training media. This research program pro-
vides the resources and oversight to deliver the
necessary propulsion, fuel, and fuel transfer sys-
tem technology to support these agency outputs.

Customer/Stakeholder Involvement:

* The FAA collaborates with the engine indus-
try to identify and implement cost-effectives
safety improvements that address incidents
and accidents caused by in-service engine
failures. This collaboration was initiated by
the FAA Titanium Rotating Components Re-
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view Team. The team advises on the ade-
quacy of industry standards and procedures to
ensure the safety of titanium alloy high-en-
ergy rotating components of turbine engines.
Industry participates through working com-
mittees under the Aerospace Industries Asso-
ciation (AlA), including the Materials and
Structures Committee, Rotor Integrity Sub-
committee, and the Jet Engine Titanium Qual-
ity Committee.

The AIA committees identify potential im-
provements in manufacturing process control,
manufacturing and in-service inspection, and
design and life management of failure-critical
rotating engine parts. These improvements
are the basis for identifying specific R&D al-
ready underway or planned for this program.

The FAA participates and provides leadership
in testing capability for the Coordinating Re-
search Council (CRC) Unleaded AVGAS
(Aviation Gasoline) Development Group. The
group was formed in February 1995 to over-
see research and testing for development of
the next generation of high-octane unleaded
aviation gasoline. Environmental Protection
Agency (EPA) regulations and the Clean Air
Act of 1990 mandate removal of lead from all
gasoline.

The critical need for developing this fuel is
reflected by the list of CRC development
group participants. Active participants and
members include: most major oil companies
(U.S. and worldwide); general aviation air-
frame and engine manufacturers; general avi-
ation user groups such as the Aircraft Owners
and Pilots Association (AOPA), Experimental
Aircraft Association (EAA), and General
Aviation Manufacturers Association
(GAMA); the FAA New England Region
Engine and Propeller Directorate; and the
FAA Small Airplane Directorate in Kansas
City.

The FAA-sponsored Technical Oversight
Group on Aging Aircraft (TOGAA) ensures
effective technical coordination of the airwor-
thiness assurance R&D activities with related
activities in DOD and industry. TOGAA has
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provided feedback on the progress of the tus-
bine engine program over the last 3 years.

The Subcommittee on Aircraft Safety of the
FAA Research, Engineering, and Develop-
ment Advisory Committee was briefed on the
propulsion program, an initiative that the sub-
committee strongly supports.

The FAA/industry initiative on turbine engine*®
rotor integrity research in this program ad-
dresses NTSB recommendations A-90-89 and
A-90-90.

The program addresses recommendations ©f
the FAA Titanium Rotating Components Re-
view Team Report which was presented to in-
dustry in a public meeting in May 1991. .

The program supports the ARAC Fuel Tank
Harmonization Working Group.

The Aerospace Industries Association con-
vened an ad hoc group to study the effects of
red dye contamination of Jet A fuel and to
identify solutions to this problem. This.
resulted in an effort to be funded by the FAA,
Defense Energy Support Center, Internal

Completed validation of ground-based proce-
dures for determining octane requirements for
developing a new high-octane unleaded avia-
tion gasoline

Participated in establishing matrix compo-
nents for developing candidate fuel formula-
tions

Conducted engine tests on new fuel formula-
tions

Completed report on engine octane require-
ments

Determined and defined detonation detection
procedures for proposed ASTM method to
test unleaded replacement fuel(s)

Made final determination of fleet octane re-
quirements for unleaded replacement in high
fuel performance piston engines to be greater
than 100 octane

Completed interim report on in-service Jet A
fuel sample analysis volatility survey

Completed interim data report on Jet A fuel
vapor ignition characterizations

Revenue Service (IRS), Air Transport AssociR&D Partnerships:

ation, American Petroleum Institute, anc
engine and airframe manufacturers.

Accomplishments:Results of the Propulsion and
Fuels Research program provided to engine and
aircraft regulatory and industry stakeholders:

Drafted an advisory circular on the correla-
tion, operation, design, and modification of
turbofan/jet engine test cells that provides
guidance on the testing of aircraft engines.

Hosted a joint FAA/Air Force public work-
shop with published proceedings on the appli-
cation of probabilistic design methodology to
gas turbine rotating components

Demonstrated integrated titanium alloy prob-
abilistic design code (DARWIN version 2.0)
to provide commercial aircraft engine manu-
facturers a tool to augment their current safe-
life management philosophy approach

Completed vacuum fatigue crack growth test-
ing of titanium alloy

Determined the fleet octane requirement to be
the single most critical parameter for devel-
oping high-octane unleaded aviation gasoline
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A cooperative grant was awarded to the
Southwest Research Institute, which has
teamed with major engine manufacturers
Pratt and Whitney, General Electric, Allied-
Signal, and Allison. This work develops
probabilistic-based turbine rotor material de-
sign and life management tools for improved
rotor integrity. The work is closely coordi-
nated with the Air Force Wright Laboratory,
which conducts complementary research, and
with ongoing research activities of the FAA
Engine Titanium Consortium sponsored un-
der budget item AO6e, “Aging Aircraft.” The
FAA plans to transfer the completed probabi-
listic engine design code to the public domain
via a training workshop.

A research partnership has been initiated with
Specialty Metals Processing Consortium
(SMPC) based at Sandia National Laboratory,
which includes Sandia Liquid Metals Pro-
cessing Laboratory, Allvac, Oremet Titanium
Company, RMI Titanium Co., Timet Co.,
General Electric Aircraft Engines, Pratt &
Whitney, and Concurrent Technology Corpo-
ration. SMPC will conduct research in tita-



MAJOR ACTIVITIES AND ANTICIPATED
FY 1999 ACCOMPLISHMENTS:

nium and nickel alloy melting technologye
(purity) enhancements.

The CRC Unleaded Aviation Gasoline Devels
opment Group partnership provides an arena
to conduct research that is unprecedented in

1999 FAA NATIONAL AVIATION RESEARCH PLAN

Issued final draft report on Jet A vapor igni-
tion characterizations

Issued final draft report on in-service Jet A
fuel sample analysis volatility survey

the aviation gasoline industry. The propriKEY FY 2000 PRODUCTS AND MILE-
etary and competitive forces inhibitingSTONES:

progress in high-octane aviation gasoline de-
velopment have been set aside. This allows
technology be transferred to and from gov-
ernment and industry to the benefit of all par;
ticipants. Industry participants include Tex-
aco, Exxon, Phillips Petroleum, Chevron,
British Petroleum, Cessna, Raytheon (Beech),
Teledyne Continental, and Textron Lycoming.

Efforts have been initiated to award a contract
to Southwest Research Institute to determine
an acceptable contamination that allows conl-
tinuous safe turbine engine operation. The
following organizations contribute funding to.
this effort: FAA, Defense Energy Support
Center, IRS, Air Transport Association,
American Petroleum Institute, General Elec;
tric, Pratt & Whitney, Rolls Royce, AlliedSig-
nal, and Boeing.

The program is benefiting from a close work-
ing relationship with

Deliver a framework definition for probabilis-
tically based rotor design code for nickel al-
loys

Introduce damage-tolerant rotor design
through a draft advisory circular with analyti-
cal software code (DARWIN) and standard-
ized data bases

Complete benchmark basis for plasma hearth
melt modeling

Characterize titanium defect melt source
causes

Characterize and test industry-supplied candi-
date fuels using flight test aircraft and engine
ground test facilities

Determine an acceptable concentration of red
dye contamination in Jet A fuel for continu-
ous engine operation

the Airworthiness FY 2000 PROGRAM REQUEST:

Assurance Center of Excellence. The researgh Fy 2000, the program will continue develop-
is leveraged by the monetary and intellectughg a probabilistically-based turbine engine rotor

contributions of its core universities.

design code with damage-tolerance assessment.
This code will be a public-domain, generic-de-
sign, life management tool—to augment the cur-
rent safe-life design approach—for integration

Demonstrated and delivered the final titaniunhto engine manufacturer rotor design procedures.
alloy defect deformation micro code for analyse of this tool, as an approved design certifica-
ysis of the turbine disk forging conversionton standard, is intended to improve turbine rotor
process structural integrity while reducing the risk of fail-
Demonstrated and delivered the integratedre.

probabilistic rotor design code (DARWIN

! o The program also continues research on industry-
version 3.2) for titanium alloy melt defects brod y

provided, lead-free fuel formulation candidates to
Conducted DARWIN code version 3.2 FAA/replace the low-lead aviation gasoline (ASTM
Industry training workshop D910 100LL) currently in use. These tests evalu-

Issued reference report “State-of-the-Art irate new fuel formulation effects on engine deto-

Turbine Engine Monitoring Systems” nation, material compatibility, volatility, engine
performance, storage stability, water reaction,

Completed laboratory characterization of ingmissions, fuel consumption, and engine durabil-
dustry-supplied candidate fuels ity. All parameters impact on safe engine opera-
Began engine ground testing of industry sugion and all data support eventual certification of a
plied candidate unleaded fuels replacement fuel.
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The program continues to develop rotor disk allogident history has shown that the presence of
material melt processes to establish commercitilese defects in rotor disks have been the initiat-
manufacturing standards that will eliminate meting cause of uncontained rotor failures. These
allurgical defects to produce premium-quality, rofailures are a major contributor associated engine
tor grade alloy materials. Commercial aircraft acailure fatal accident rate.
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Program Schedule

A06c - Propulsion and Fuel Systems
Product and Activities FY 1999(FY 2000| FY 2001|FY 2002 |FY 2003 [FY2004

063-110 Propulsion and Fuel Systems Research

Turbine Engine Research

Demonstrated and Delivered Final Titanium Alloy Defect 3
Deformation Microcode
Demonstrated and Delivered the Integrated Probabilistic Design ®
Code (DARWIN Version 3.2)
Issued Reference Report “State-of-the-Art in Turbine Engine LY
Monitoring Systems” Monitoring Systems”
Conducted DARWIN Code Version 3.2 Training Workshop *
Characterize Titanium Defect Melt Source Causes o
Deliver Framework Definition for Probabilistic Rotor Design Code o>
- Nickel Alloys
Introduce Damage Tolerant Rotor Design through a Draft AC with o
Analytical Software Code (DARWIN)
Complete Benchmark Basis for Plasma Hearth Melt Modeling e
Demonstrate Probabilistic Integration Design Code - Surface o
Flaws
Demonstrate the On-line Monitoring for Alloy Composition O
Control in a Commercial Electron Beam Melt Furnace
Unleaded Fuels and Fuel System Safety Research
Completed Laboratory Characterization of Industry Supplied 'S
Candidate Fuels
Issued Final Draft Report on Jet A Vapor Ignition V'S
Characterizations
Issued Final Draft Report on In-service Jet A Fuel Sample TS
Analysis Volatility Survey
Begin Engine Ground Testing of Industry Supplied Candidate ¢

Unleaded Fuels

Complete Determination of Acceptable Concentration of Red Dye
Contamination in Jet A Fuel for Continuous Engine Operation

Characterize and Test Industry Supplied Candidate Fuels Using
Flight Test Aircraft and Engine Ground Test Facilities

Complete Draft and Final ASTM Specification for High Octane o fes
Unleaded Aviation Gasoline

Complete Fleet Evaluation of Candidate Unleaded Aviation o
Gasoline
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 1,716 1,566 3,643 1,761 1,754
Personnel Costs 1,398 1,522 1,126 932 1,230
Other Costs 286 312 231 138 142
Total 3,400 3,400 5,000 2,831 3,126
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A06d Flight Safety/Atmospheric Hazards Research

GOALS: The program also fosters development of promis-

Intended Outcomes: The FAA intends to im- ing technologies, such as sensors, to detect frozen
prove aircraft safety by developing technologiegontamination and anti-icing fluid failure. The
technical information, procedures, and practicegircraft icing project joins SAE in preparing an-
These ensure safe operation of the civil fleet in i®ual updates to aircraft holdover time guidelines.
ing conditions and in the electromagnetic envithese provide time estimates of the effectiveness
ronment and address safety issues concerning d@j-deicing and anti-icing fluids.

ital flight controls and avionics systems. Customer/Stakeholder Involvement: The pro-

In the area of aircraft icing, the program focusegram directly supports the Aviation Safety Plan
principally on establishing operating rules andby assisting the zero accident goal. It does this
procedures for deicing and anti-icing to ensure tarough enhancements to aircraft certification, in-
clean aircraft at takeoff. It also focuses on devespection, and maintenance related to atmospheric
oping technology to determine the existence dfazards and advanced digital systems. It also di-
frozen contamination and the failure of anti-icingectly supports Challenge 2000 through research
fluids on critical aircraft surfaces. The progranand increased awareness of software and stan-
addresses characterization of the atmospheric @ardization efforts among the certification direc-
ing environment by collecting and analyzing sutorates. In addition, it supports the Free Flight ini-
percooled cloud and precipitation data. It also déative, addressing highly integrated avionics and
velops technology (ice protection and detectionyround-based systems safety and certification is-
certification requirements, and advisory materiagdues, using very complex software. A key sup-
to ensure that aircraft meet performance, stabilitgorter is the ARAC Electromagnetic Effects Har-
and control safety standards during or after inrmonization Working Group (EEHWG).

flight operation in icing conditions. The ARAC Flight Test Harmonization Working
The electromagnetic hazards to aircraft systeMisroup (FTHWG) addresses performance and han-
program focuses on protecting aircraft electricgfing requirements standardization, and guidance
and electronic systems from the effects of lighinaterial for operating in icing conditions. The
ning and high-intensity radiated fields (HIRF).ARAC Ice Protection Harmonization Working
These effects may come from airborne, shipsroup (IPHWG) addresses definition of an icing
borne, and ground-based emitters, as well as frafyironment that includes supercooled large
portable electronic devices (i.e., tape players, lagroplets (SLD) and means, such as ice detectors,
top computers, cellular phones, etc.). to discriminate between conditions within and

The Flight-Critical Digital Systems program ad-Outside the certification envelope and to warn
dresses aircraft safety and certification issuellightcrews of ice accumulation on critical sur-
These issues involve the use of emerging, highfgces.

complgx, _software—ba_seq digital fl|ght cont_r OI%AE committees also address aircraft lightning
and avionics systems in flight-essential and flights, o otion (AE4L) and aircraft HIRF protection
critical applications. (AE4R). These two government and industry
Agency Outputs: The FAA establishes rules for committees develop advisory circulars, test stan-
aircraft operation in icing conditions and the eleadards, and related users manuals to improve flight
tromagnetic environment. It establishes rules asafety. The FAA provides leadership to the SAE
digital flight controls and avionics systems and ofs-12 Aircraft Ground Deicing Committee. This
electromagnetic hazards. It also publishes adwiommittee addresses holdover time guideline up-
sory circulars (AC) to outline acceptable meandates, standards establishment for deicing and
for meeting the rules and disseminates variounti-icing methodologies and fluids, and sensor
forms of technical information to agency certifi-criteria to determine the existence of frozen con-
cation and airworthiness specialists, agency iamination. It also addresses the failure of anti-ic-
spectors, and the aircraft and avionics industring fluids on critical aircraft surfaces.
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Accomplishments: The program provided air- ¢
craft icing regulatory guidance and operating pro-
cedures to aircraft manufacturers and operators.
These consisted of technical reports, handbooks,
information bulletins, advisory circulars, and
rules. Since 1992, the program has updated or is-
sued two advisory circulars, five technical bulle-
tins, and theAircraft Icing Handbook |t also has *
published more than 30 technical reports or pa-
pers, including reports on ice-phobic technolo-
gies.

The program has held international conferencgs
on aircraft ground deicing (more than 600 patrtici-
pants from more than 10 countries attended) and
on aircraft in-flight icing (more than 400 partici-
pants from 20 countries attended). It has also is-
sued holdover time guidelines for deicing and
anti-icing fluids. *

In the area of digital systems, the program contin-
ued to assess modified condition/decision covey-
age (MCDC) requirements for avionics software
testing. The assessment will also include software
mutation techniques. Additionally, the program
studied applying formal methods to software par-
titioning to protect avionics software in highly in-
tegrated systems. The program also supported the
Streamlining Software Aspects of Certification
Project. .

In the electromagnetic hazards area, the program
completed an analysis of a stochastic evaluation
of the HIRF testing environment for aircraft. An
update to the FAA research and development
electromagnetic data base (FRED) containing
lightning strike data and waveforms was pub-
lished. The update included C-160 aircraft data. A
report was completed concerning a feasibility
study of a PED detector for civil aircraft, and a
HIRF Risk Analysis was initiated to support a
Notice of Proposed Rulemaking (NPRM).

RTCA Special Committee-182, “A Minimum
Operational Performance Standard (MOPS)
for an Avionics Computer Resource (ACR)”

RTCA Special Committee-190, software
guidance for issues missed or arising since
publication of RTCA DO-178B

Multiyear FAA/NASA interagency agree-
ment with Langley Research Center to coop-
erate in the assessment of software-based dig-
ital flight controls and avionics systems and
electromagnetic hazards research

Multiyear FAA/DOE interagency agreement
with Idaho National Engineering Laboratory
in characterization of lightning strike data and
development of a lightning waveform data-
base

Multiyear interagency agreement with Naval
Air Warfare Center Aircraft Division to as-
sess the HIRF environment for aircraft

Letter of agreement to leverage HIRF certifi-
cation research with Sandia Corporation; the
Army Directorate for Applied Technology,
Test and Simulation; and ORION Interna-
tional Technologies, Inc.

Cooperative efforts on aircraft icing activities
with the NASA Lewis Research Center

More than six aircraft icing grants and agree-
ments in place with academia and other gov-
ernment agencies to leverage interests and ca-
pabilities

International agreement with Transport Can-
ada on research on aircraft ground deicing is-
sues

ARAC IPHWG directly supported with data
on and analysis of SLD conditions in the
atmosphere

MAJOR ACTIVITIES AND ANTICIPATED

FY 1999 ACCOMPLISHMENTS:

R&D Partnerships: The program has established
many cooperative relationships, including:

e ARAC, EEHWG international certification °
authority/industry  forum—HIRF  environ-
ment, User’s Guide for AC 20-1317

» SAE -AE4L Lightning Protection of Aircraft, *
Lightning Environment, Waveforms and Test-
ing Standard, Aircraft Zoning Standard, and
User’s Manual for AC 20-136

Aircraft icing

Evaluated time-effectiveness of recently de-
veloped new and environmentally-friendly
deicing and anti-icing fluids

Completed report on glycol-reduction meth-
ods

Completed report on hot water deicing meth-
ods and procedures
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Flight-critical digital systems

Produced final report on effect of large dropFlight-critical digital systems

let ice accretions on airfoil and wing aerody-
namics and control

Completed report to ARAC IPHWG on SLD.
data aloft

Continued collecting SLD data aloft .

Published Report on Analysis of Structuras
Coverage Requirements of RTCA DO-178B

Published Report on Feasibility of an In-
flight Advisor for General and Commercial
Aviation .

Electromagnetic Hazards to Aircraft Systems

Publish report on certification techniques for
COTS hardware and software

Publish report on certification techniques for
advanced hardware

Publish acceptance criteria for software reuse

Electromagnetic hazards to aircraft systems

Publish report on single-event effects and up-
set

Publish report on analysis of commercial
lightning data base

Publish aircraft lightning zoning and protec-
tion techniques

Published HIRF User’'s Guide for AC ZO-FY 2000 PROGRAM REQUESTZ

1317
Published Lightning User's Manual forAircrafticing
AC 20-136 « Continue to collect and assess the global at-

Published Report on HIRF Risk Analysis for
NPRM

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Aircraft icing

Evaluate time effectiveness and aerodynamic

mospheric icing environment data with em-
phasis on the SLD environment

Determine acceptance criteria and enhance-
ments for icing tankers, tunnels, and analyti-
cal icing computer codes; and quantitatively
characterize ice roughness, shape, and aero-
dynamic effect

performance of environmentally friendly andFlight-critical digital systems

other modern fluid. .

Complete report on fabrication of active Air-
craft Mounted Wide Area Ice Detector proto-
type system

Complete report on glycol temperature buffeg
reduction investigation

Complete report on consolidation of SLD
data at flight altitudes
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Continue research related to emerging flight
safety and certification issues identified by
RTCA SC-190 efforts

Electromagnetic hazards to aircraft systems

Continue lightning protection, HIRF protec-
tion, electromagnetic compatibility, single-
event effects/upset and continued integrity
research
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A06d - Flight Safety/Atmospheric Hazards Research
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

064-110 Flight Safety

Flight Critical Digital Systems
Published Report on Feasibility of an In-flight Advisor of General
and Commercial Aviation
Published Report on Analysis of Structural Coverage
Requirements
Publish Acceptance Criteria for Software Reuse
Publish Report on Certification Techniques for COTS Hardware
and Software
Publish Report on Certification Techniques for Advanced
Hardware
Publish Alternate Approaches to Software Modified
Condition/Decision Coverage (MCDC)

Publish Criteria for Avionics Software Changes

064-111 Atmospheric Hazards

Aircraft Icing
Finalized Reports on Effect on Large Droplet Ice Accretions on
Airfoils and Wing Aerodynamics and Control
Reported to ARAC IPHWG on Supercooled Large Droplet (SLD)
Data Aloft

Continued Collecting SLD Data Aloft

Evaluate Time of Effectiveness & Aerodynamic Performance of
Environmentally Friendly Modern Fluids

Report on Fabrication of Active Aircraft Mounted Wide Area Ice
Detector Prototype System

Report on Consolidation of SLD Data at Flight Altitudes

Report on Glycol Temperature Buffer Reduction Investigation

Report on Quantitative Characterization of Ice Roughness and
Shape and Aerodynamic Effect
Report on Global Atmospheric Icing Environment

Publish Fluid Failure & Holdover Times Procedures for
Manufacturers

Electromagnetic Test and Analysis
Published High Intensity Radiated Fields (HIRF) User's Guide

Published Lightning User’s Manual for AC 20-136

Published Report on HIRF Risk Analysis for Notice of Proposed
Rule Making (NPRM)

Publish Report on Single Event Effects and Upset
Publish Report on Analysis of Commercial Lightning Database

Publish Aircraft Lightning Zoning and Protection Techniques

* o ¢ o

OO O 0

OO
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Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

3,535
530
108

1,368
577
118

705
1,127
231

1,494
973
152

1,942
1,744
158

4,173

2,063

2,063

2,619

3,844
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AQ06e Aging Aircraft

GOALS:
Intended Outcomes: The FAA intends to im-

Customer/Stakeholder Involvement:The FAA
has established an extensive network for collabo-

prove system safety by developing technologiegation in the Aging Aircraft program.
technical information, procedures, and practicas
that ensure the continued airworthiness of aircraft
structures and components in the civil fleet. The
Aging Aircraft program focuses principally on:

Analytical methodologies development and
validation—to predict the onset of wide-

spread fatigue damage (WFD) and residual
strength of aircraft structures

Nondestructive inspection techniques devel-
opment and validation—to detect and quan-
tify damage in the forms of corrosion, crack-
ing, disbonding, and material processing de-
fects

Flight and landing loads airworthiness stan-
dards updates and validation for civil trans:
port aircraft by acquiring/analyzing actual us-
age data

Maintenance and repair requirements and es-
tablishing procedures for airframes

Crack-growth-based predictive methodology
development—to derive inspection and main-
tenance programs for nonrotating, safety-crit-
ical components of aircraft engines

Fatigue substantiation methodology, health/
usage monitoring methodology, and updated
design load spectrums (based on actual
usage) for rotorcraft fleet development

Aging non-structural systems research—
development of technology and techniques to
ensure continued safe operation of electrical
and mechanical aircraft systems

Agency Outputs: The FAA establishes rules for

aircraft certification, inspection, maintenance, and
repair and publishes advisory circulars to outline
acceptable means for compliance. In addition, it

disseminates technical

information in various

forms to agency airworthiness inspectors and in-
dustry. This improves aircraft construction andccomplishments: An on going research effort

ARAC is an FAA/industry forum established

to ensure that agency rulemaking is effective
in achieving intended results and that the in-
dustry resources are used to their fullest.
ARAC also identifies requirements and prior-
ities for supporting R&D activities.

The FAA-sponsored TOGAA ensures effec-
tive coordination of Aging Aircraft program
activities with related activities in DOD and
industry. TOGAA meets several times a year
to assess program progress and review re-
search priorities, in light of technical progress
and the needs of aircraft manufacturers, oper-
ators, and maintainers.

The Subcommittee on Aircraft Safety of the
FAA Research, Engineering and Develop-
ment Advisory Committee completed a re-
view of the Aging Aircraft program. The pro-
gram described here is fully responsive to the
advice of the subcommittee.

The Aging Aircraft program directly supports
the Aviation Safety Research Act of 1988
(Public Law 100-591). This act increased the
scope of the FAAs mission to include
research on methods for improving mainte-
nance technology and detecting the onset of
cracking, delamination, and corrosion of air-
craft structures. In particular, this legislation
directed the FAA to focus on maintaining the
airworthiness of the aging commercial fleet.

The Aging Non-structural Systems Research
program is the primary vehicle for supporting
the recommendations of the White House
Commission on Safety and Security, which
state that “in cooperation with airlines and
manufacturers, the FAA's Aging Aircraft pro-
gram should be expanded to cover nonstruc-
tural systems.”

maintenance practices. The objective producingovides guidance for complying with assessment
these products is flight safety based on continugadograms on WFD in both the civil and military
aircraft airworthiness. The Aging Aircraft pro-aircraft fleets. The research is co-funded by the
gram provides the technical information neced-AA, NASA, and the U.S. Air Force (USAF) and
sary to support these agency outputs. is conducted by Boeing Company. The integrated
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effort includes development of analytical methodbetween the FAA and the regulatory authorities in
by both the FAA and NASA and testing by thehe United Kingdom, the Netherlands, Australia,
FAA and the USAF. This integrated effort contin-and Canada.

ues to validate government-developed analysis _ )
codes to predict the onset of WFD. A center of excellence for airworthiness assur-

ance, established in FY 1997, brings together the
A small crack detection structured experimenmonetary and intellectual resources of its core
was completed by the FAAs AANC. The experi-universities and numerous industrial and govern-
ment demonstrated that commercially availablsental partners. The Center for Aviation Systems
instruments can detect small cracks in aircraReliability (CASR) is a consortium of four uni-
skins under the rivet heads. Prototype instrumentsrsities—lowa State University, Northwestern
developed by Northrop and NASA could detectniversity, Wayne State University, and Tuskegee
cracks before reaching the edge of the rivet heddniversity—formed to develop nondestructive in-
This is significant because these cracks reflect tisgection techniques. The AANC is partnering
WEFD identified in the Aloha Airlines accident.with Sandia National Laboratory to test and eval-
This information assists the FAA and industry innate inspection techniques in a realistic hangar
specifying and approving future inspection equipsnvironment and enhance technology transfer.
ment. The Engine Titanium Consortium (ETC)—Ilowa

State University, Pratt & Whitney, General Elec-
Civil transport flight and ground loads data coltric, and Allied-Signal—was formed to develop
lection programs for both large and small transnethods for inspecting engine components. Nu-
port aircraft were reestablished. Optical quick agnerous research grants have been awarded
cess recorders have been installed on several Brough the aviation research grants program, and
737/400 and MD-82 aircraft, and usage data agge in place with universities and not-for-profit
being analyzed. Similar recording technology ifahoratories to leverage their interests and capa-
being developed for commuter aircraft. Airplangjlities. Cooperative research and development
landing contact parameters have been obtainggreemems (CRDA’) are in place with two air-

from analysis of video images recorded duringne operators as part of the flight loads data col-
surveys conducted at representative high-activifgction program.

commercial large transport and commuter air-
ports. MAJOR ACTIVITIES AND ANTICIPATED

FY 1999 ACCOMPLISHMENTS:
A team composed of the FAA, the AANC, Lock-

heed, Delta Airlines, Textron, and Warner Rob*
bins AFB successfully applied the first composite
reinforcement “doubler” on a U.S. commercial
aircraft. The doubler replaced the standard rein-
forcement, which consists of four riveted alumi-
num sheets. The composite reinforcement int-
proves fatigue resistance and substantially re-
duces the repair cost. .

R&D Partnerships: Program activities are
closely coordinated with related initiatives under-
way at NASA, DOD, and industry. The FAA ande
NASA, through a Memorandum of Agreement
(MOA), have cosponsored several conferences on
aging aircraft and airworthiness assurance. Inter-
agency agreements are in place between the FAA
and NASA, U.S. Navy (USN), USAF, National
Institute of Standards and Technology (NIST)
and DOE. International agreements are in place

Developed Supplemental Inspection Docu-
ment (SID) for the Fairchild Metro airplane

Developed a crack-growth-based predictive
methodology for static engine parts

Transferred thermal wave imaging technol-
ogy for corrosion detection to industry

Developed and validated ultrasonic and eddy
current inspection tools for airframe and en-
gine applications

Conducted video landing parameter survey at
Philadelphia International Airport's com-
muter runway

Published flight loads data reports for addi-
tional aircraft model (i.e., B-767)

Established permanent video landing loads
data facility
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Established a test bed for validation of tech~ Continue data collection, analysis, and reduc-
nologies designed to ensure the safe operation tion for large transport flight loads and publi-
of aircraft electrical and mechanical systems  cation of A-320 data

Initiated research into the development of an  Transfer pulse eddy current technology for in-
arc-fault circuit interrupter for aircraft appli- ter-layer crack detection to industry

cations e Complete Health and Usage Monitoring Sys-

Initiated research into the development of tems (HUMS) advisory material and compli-
systems that assess the physical and func- ance guidance for Part 29 and Part 27 rotor-

tional integrity of aircraft wiring craft monitoring post flight
KEY FY 2000 PRODUCTS AND MILE- » Conduct a video landing loads survey at Den-
STONES: ver International Airport to quantify high alti-

tude landing parameters for civil transport

Complete development of an engineerin :
P D g g aircraft

manual with guidelines to predict the onset of

WFD and residual strength and structures «  pevelop first-generation, prototype arc-fault
Continue enhancement to user-friendly soft-  circuit interrupter for aircraft applications
ware tool for damage tolerance analysis and
design of aircraft repairs for commuter air-
craft

Develop guidelines for developing supple+y 2000 PROGRAM REQUEST:

ment.ary Inspection programs fo.r co'mmutersln FY 2000, the program will continue to focus on

Continue development and validation of enthe areas listed at the beginning of the “Goals”
hanced inspection systems for engine compgection above. Near-term emphasis is on better
nents understanding the effects of widespread fatigue
Continue development and validation of indamage, developing supplemental inspection re-
spection techniques to detect damage in aigquirements to better account for airframe and
frame structures typical of widespread fatigueomponent damage, and developing and validat-
damage ing enhanced inspection techniques.

Complete assessment of feasibility of service
life for aircraft wiring
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A06e - Aging Aircraft
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

065-110 Aging Aircraft
WFD and Residual Strength Analysis

Completed Development of a Crack-Growth Based Predictive
Methodology of Static Engine Parts

Complete Development of an Engineering Manual with Guidelines
for onset of Widespread Fatigue Damage (WFD)

Continue Development & Validation of Inspections Techniques

Publish AC on Inspection and Maintenance of Static Engine Parts

Commuter Aircraft Inspection Requirements

Developed SID for the Fairchild Metro Airplane

Develop Guidelines for Development of Supplemental Inspection
Programs for Commuters

Airborne Data Monitoring Systems

Publish Technical Report and Continue Data Collection Analysis
on Flight Loads

Conduct Video Landing Parameter and Loads Survey at
Philadelphia, Denver and Other Airports
Established Permanent Video Landing Loads Data Facility

Maintenance and Inspection

Transferred Thermal Wave Imaging Technology for Corrosion
Detection in Industry

Developed and Validated Ultrasonic and Eddy Current Inspection
Tools

Continue Enhancement to User-friendly Software Tool for Damage
Tolerance Analysis and Design

Transferred Pulsed Eddy Current Technology for Inter-layer Crack
Detection to Industry

Continue Development and Validation of Enhanced Inspection
Systems for Engine Components
Complete Development of Ultrasonic Inspection Tools for Engines

Complete AC on Repair and Maintenance of Engine Propellers
Release Repair Analysis Software Tool for Commuter Aircraft

Develop Prototype for Detection of WFD-Size Cracks

Rotorcraft Structural Integrity

Complete Final HUMS AC and Compliance Guidance for Part 29
and 27 Rotorcraft

Update AC 29-2A and 27-1 for Fatigue and Damage Tolerance

*

<

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts

Personnel Costs
Other Costs

Total

16,615
2,810
575

10,585
2,742
562

18,466
2,251
523

11,945
2,831
368

12,118
3,547
333

20,000

13,889

21,540

14,694

15,998
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AOQ6f Aircraft Catastrophic Failure Prevention Research

GOALS:
Intended Outcomes: The FAA intends to im- action.

prove system safety by developing technologias The FAA (through Lawrence Livermore Na-
and methods to assess risk and prevent defects, tional Laboratories) has developed partner-

failures, and malfunctions in aircraft, aircraft ships with Boeing, United Technologies
components, and aircraft systems that could cause (Pratt & Whitney), and Allied Signal Engines

matter and to recommend future courses of

aircraft catastrophic failure.

The Aircraft Catastrophic Failure Prevention pro-
gram’s objective is to ensure safe aircraft opera-
tion in the public domain. It focuses principallye
on using historical accident data to attack known
problem areas, such as:

Turbine engine uncontainment events, includ-
ing mitigation and modeling of uncontain-

ment and aircraft vulnerability to uncontain-

ment (AC20-128, phase II)

Examining issues associated with inappropri*
ate crew response to propulsion malfunctions
and working with industry to develop solu-

tions to this critical problem .

Examining explosive fuel tank issues

Agency Outputs: The FAA establishes certifica-
tion criteria for aircraft and publishes advisory
circulars to outline acceptable means for meeting
these rules. The aircraft catastrophic failure pré\ccomplishments: Certification officials use re-
vention program provides the technical informasults of catastrophic failure prevention program
tion necessary to support these agency outputs.research provide the technical basis for rule

Customer/Stakeholder Involvement: The FAA
continues to establish collaborative efforts that
ensure a balanced, responsive aircraft catastrop
failure prevention program:

ARAC is an FAA/industry forum established"
to ensure that agency rulemaking is effective
in achieving intended results and that industry
resources are fully used to accomplish these
results. ARAC also effectively identifies re-
quirements and priorities for supporting R&D
activities. The ARAC Powerplant Installation
and HarmonizationWorking Group (PPI-
HWG) provides guidance to this program for
updating AC 20-128.

The FAA sponsors an annual workshop o
turbine engine uncontainment characteriza-
tion, modeling, and mitigation. The workshop
brings together industry and government
(civil and military) to review progress on this
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to work collaboratively to develop a model-
ing toolkit for modeling engine uncontain-
ment events.

The FAA supports the AIA Transport Com-
mittee project on propulsion system malfunc-
tion plus inappropriate crew response. This
project brings industry and the FAA together
to develop recommendations (and associated
regulations and advisory material) on the sub-
ject of safety concern.

The ARAC Fuel Tank Harmonization Work-
ing Group provides guidance to the program
on explosive fuel tank issues.

The program also responds to Public Law
100-591 (the Aviation Safety Act) and Public
Law 101-508 (the Omnibus Reconciliation
Act), which specifically established the air-
craft catastrophic failure prevention program.

changes as well as new or modified advisory cir-

ulars. Results are also provided to airframe and
er(]:gine_z manufacturers and designers. Recent ac-
complishments:

Completed uncontained engine failure fuse-
lage damage data base and published reports
on large engine uncontainment and small en-
gine uncontainment data bases. These data
bases are useful for scientific uncontained en-
gine debris evaluation that will result in sig-
nificant revision to AC 20-128. Accident in-
vestigations indicate debris damage spread
angles are larger than current AC materials
indicate

Developed a baseline aircraft vulnerability
model to predict aircraft vulnerability to en-
gine uncontainment events

Completed beta testing of the aircraft vulner-
ability model
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» Completed a detailed report examining DODPropulsion malfunction plus inappropriate crew
armor technology and its potential applicatiomesponse

to turbine engine uncontainment mitigation . peveloped a plan for producing crew training
. Started developing an advanced material materials for propulsion-related malfunctions

DYNA-3D model Explosive fuel tank issues.

+ Started developing training materials for proe Issued an interim report on problem of cop-
pulsion malfunction plus inappropriate crew  per-silver sulfide contamination on fuel-quan-
response tity indicating systems

« Started work on determining effects of COpKEY FY 2000 PRODUCTS AND MILE-
per-silver sulfide corrosion on fuel quantitysTONES

indicator system components
_ o Engine uncontainment research
R&D Partnerships: Program activities are | Begin modifications to vulnerability code

closely coordinated with government, academia, . ) ;
y X 9 based on airframe manufacturers’ evaluations
and commercial experts to take full advantage of

existing expertise through interagency agree- Complete DYNA-3D model of advanced bar-
ments, grants, and contracts. rier materials

The following agreements, leveraged on existingropulsion malfunction plus inappropriate crew
facilities and expertise, provide significant profeésponse
gram benefits: » Develop crew training materials

. Interagency agreement with the Naval Aif Ir_1itiate research on crew response to propul-
Warfare Center Weapons Division, China S!ON malfunctions
La_1|_<e, which partners with Bpeing to rnOOIinyprosive fuel tank issues
military vulnerability analysis tools; these ) ] ]
tools are used in examining the vulnerability ~ Continue research into explosive fuel tank
of commercial transport aircraft to turbine en-  1SSU€S

gine uncontainment events FY 2000 PROGRAM REQUEST:

* Interagency agreement with Lawrence LiverThe program modifies aircraft vulnerability codes
more National Laboratory, which partnerso incorporate suggestions obtained from airframe
with Boeing, Allied Signal Engines, and Pratinanufacturers’ evaluations. It continues develop-
& Whitney, to develop a modeling toolkit toing a calibrated design system, for certification
address turbine engine uncontainment evengsirposes, to examine engine uncontainment by
modeling developing toolkit components that model mitiga-

ﬁion effects of advanced materials and improve

e Center of excellence contract with SRI, whic . . ; o
Hoenetratlon equations for aluminum and titanium.

partners with University of Dayton Researc
Labs and Arizona State University; in-kindThe program also develops crew training materi-
support provided by Boeing and B. F. Gooals to better equip crews to deal with a variety of

drich. propulsion malfunctions, reducing the chance for
inappropriate response. It examines ways to im-

MAJOR ACTIVITIES AND ANTICIPATED prove the fidelity of simulator training by more
FY 1999 ACCOMPLISHMENTS: realistically reproducing instrument and sensory

cues to propulsion malfunctions.

Engine uncontainment research Lastly, it will continue to be responsive to the

» Developed an aircraft vulnerability model im-ARAC Fuel Tank Harmonization Working Group
provement plan and started model improven examining issues and potential solutions to the
ments explosive fuel tank issue.
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A06f - Aircraft Catastrophic Failure Prevention Program Schedule

Research
Product and Activities FY 1999| FY 2000| FY 2001| FY 2002|FY 2003 | FY2004

066-110 Aircraft Catastrophic Failure Prevention Research

Engine Uncontainment Research

Developed an Aircraft Vulnerability Model Improvement Plan and <

Started Model Improvements

Begin Modifications to Vulnerability Code Based on Airframe O
Manufacturers’ Evaluations

Complete DYNA-3D Model of Advanced Barrier Materials O

Complete Vulnerability Model O
Complete Advanced Analytical Uncontainment Mitigation Tool Kit IS

Explosive Fuel Tank Issues

Issued Interim Report on Problem of Copper-silver Sulfide 3
Contamination on Fuel Quantity Indicating Systems

Continue Research into Explosive Fuel Tank Issues ko3

Propulsion Malfunction Plus Inappropriate Crew Response

Developed a Plan for Producing Crew Training Materials for 3
Propulsion Related Malfunctions

Develop Crew Training Materials for Propulsion Related O
Malfunction
Initiate Research on Crew Response to Propulsion Malfunction [
Develop Recommendations for Training & Operation of Existing O
Systems
Develop AC Material & Recommendation for Future Design O
Certification
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 2,298 2,650 3,289 1,329 1,308
Personnel Costs 338 369 590 397 607
Other Costs 69 75 121 61 66
Total 2,705 3,094 4,000 1,787 1,981
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A06g Aviation Safety Risk Analysis critical helicopter parts, capture part utiliza-

tion/performance data, and perform trend

GOALS: analysis on the captured data.

Intended Outcomes: The FAA intends to im- ,
prove aviation safety by developing means for in-

Developing guidelines on evaluation of U.S.
military surplus flight safety-critical aircraft

dustry and the agency’s own programs and sys- narts for installation on FAA U.S. type-certi-
tems to measure and account for safety perfor- faq products.

mance. This is done through risk assessment and _

operational indicators and the shared use &f Developing a methodology and software-
safety-related data. The Aviation Safety Risk based tool for performing large-scale soft-
Analysis (ASRA) program focuses primarily on: ware system reliability prediction and testing

. . . cost measures.
Developing and/or enhancing safety critical

performance measures embedded in FAA an-
alytical systems (e.g., flight standards service
Safety Performance Analysis System (SPAS))
and the aircraft certification service safety

management program products/risk-based an-

alytical tools. These measures encompaggency Outputs: The Federal Aviation Act of

particulars about aircraft design, aircraft 958 and the Federal Aviation Regulation (FAR)
maintenance, discrepancy reports, air carriefgyovide the FAA the statutory authority and re-
air agencies, and air personnel. sponsibility to conduct surveillance of air opera-

Developing advanced analytical/decision sugors, air agencies, aircraft, and airmen to ensure
port capabilities and graphical techniqueg;onformance with the FAR and aviation safety
These allow the FAA to more effectively andstandards. Research program outputs improve the
efficiently use information contained in vari-data, data gathering techniques, and decision sup-
ous FAA and industry data bases. port tools related to FAA certification, surveil-
lance, and certificate management processes. The
8gtputs enable systematic potential risk assess-
ment and take proactive steps to reduce the rate of
aviation-related accidents and incidents. The FAA
Establishing a systems engineering, analysigcreases its leverage of aviation safety inspector

and system safety risk assessment effort ghd certification engineering resources by target-
support certification, surveillance, and certifiing these resources based on risk.

cate management.
D lobi fot vsi thodol Customer/Stakeholder Involvement: The Fed-
eveloping a salely analysis metnodology, | aviation Authorization Act of 1996 states

thag Wi” bel “?ed in (E[(_artify(;ng_ newthproducf[sthat the Administrator should give “high priority
and in analyzing continued arwortniness g, developing SPAS.” The legislation calls for de-
sues, as well as the operational safety of t

. ) o oyment of SPAS II, initiated in FY 1997, to be
fleet as experience with the certificated pro completed by December 1999. The ASRA pro-
uct evolves. )

gram enhances SPAS decision-support capabili-
Developing a risk-based tool to manage aities by providing additional risk analysis/predic-
craft certification workload and prioritize tive models, expert system capabilities, and criti-
oversight activities related to manufacturers. cal safety performance indicators.

Developing an Internet-based information, 1997, the Flight Standards Service introduced
system for aviation safety related data emphgsejr new business process, the Air Transportation
sizing general aviation. Oversight System (ATOS). ATOS is a system-
Developing and/or enhancing the Maintebased approach to FAA certification, surveillance,
nance Malfunction Information Reportingand certificate management oversight. It is de-
(MMIR) System with capabilities to track signed to provide the FAA with the people, proce-

Developing a Service Difficulty Analysis
Tool geared toward analyzing a large number
of aircraft of the same type and designing the
capability to review trends in SDR submis-
sion.

Establishing a forum with industry to ex-
change aviation safety performance measur
and risk models and methodologies.
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dures, equipment, facilities, software, tools, anB&D Partnerships: The U.S. Air Force/Air Mo-
materials necessary to make surveillance moldlity Command provides technical support and
systematic and targeted to deal with identifiedssistance in developing safety critical perfor-
risks. In support of this effort, the ASRA programmance measures. The Flight Safety Foundation
will provide systems engineering, analysis (idenworks with both the FAA and industry to analyze
tification of performance measures through inforworldwide accidents and serious incidents and to
mation presentation) and system safety risk asstablish and prioritize causal factors. An inter-
sessment research. agency agreement was established with DOE that
. enables Sandia National Laboratories to provide
The ASRA program responds direcily to the Safq chnical expertise in system development, sys-

Skies Agenda and recommendations in the Chq— : A
m safety, and data quality strategy/data qualit
lenge 2000 Report and the FAA 90-day safety r‘l'arhprovem)énts implemqentat?/on. ThegyFAA hgs ar-y

}[/r:ewl.:Al\gaXIrgu_md mftorrrgatlon ;hanng_ il_lerts k?co;[hranged with the National Academy of Sciences to
(Iat q anbl n us[;y olpe_n ng awﬁ_lorl[_sa el evelop a generally applicable, structured, safety
relatec problems. LDeveloping a certitication an anagement program for aircraft certification

surveillance program built on targeting reSourceSrvices. Finally, several university grants have
to address safety risks ensures that corrective s !

o : en awarded to support development and testin
tion is taken much sooner. Thus, the primary ber& bp P 9

eficiaries of this effort is the general/flying public.di geilgftlﬁgr:?;etyérﬁlgt%%delz ng a\r/éellélggezaf?;y

DOD will use several analytical tools, such a&Y 1999, was developed in cooperation with gen-
SPAS, to oversee defense contract carriers aftpl aviation groups, such as the EAA, AOPA,

charters.

and GAMA, under a phase Il small business inno-

vative research (SBIR) contract.

The FAA worked with Helicopter Association In-

ternational to develop and release the maintB4AJOR ACTIVITIES AND ANTICIPATED
nance malfunction information reporting systemkY 1999 ACCOMPLISHMENTS:

This software tool improved the collection, stor-

age, and transfer of service difficulty reports anfiSK analysis decision support

part warranty information. g

Data improvement and standardization efforts re-
spond to recent Congressional hearings and the
General Accounting Office (GAO) report recom-
mendations that the FAA improve the quality and
timeliness of its aviation safety data. More impor-
tantly, analytical and decision support tools rely
on good quality data to identify potential safety
risk areas.

Accomplishments:Full deployment of a produc-
tion SPAS system (i.e., SPAS Il) was initiated in
FY 1997 and is scheduled to be completed by De-
cember 1999. SPAS is a computer-based analyti-
cal tool used by FAA aviation safety inspector$
and certification engineers, as well as DOD avia-
tion analysts, to support their oversight activities
of FAA certificate holders (i.e., air operators, air
agencies, aircraft, and air personnel). A study was

Implemented new and enhanced risk analysis
models and capabilities

Developed and implemented safety-critical
performance measures into flight standards
SPAS Il and aircraft certification aviation

safety management program initiatives

Initiated design of flight standards next-gen-
eration, safety-critical performance measures
and work processes based on a system safety
model

Initiated workshops with industry to discuss
aviation safety risk analysis and performance
measures

Initiated development of risk/hazard/accident
models and tools

Continued development of the Intelligent
Safety Performance and Evaluation System

initiated to establish baseline risk parameters réircraft maintenance: maintainability and reli-
lated to continued airworthiness of aircraft and t8bility

analyze the factors that are precursors to aircraft
accidents.
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Released a report on detailed trend analysis of Continue the development of Risk/Hazard/
fatigue and corrosion in 13 transport aircraft  Accident models and tools

models , , o ,
Revamped the MMIR system to be Intemeggi(l:i;;a/ft maintenance—maintainability and reli-

based
» Initiate analysis in support of Advisory Circu-
Released a report on the methodology for |, "0 itiedEligibility and Evaluation of U.S.

:gaw::glg [;?Zcrirl]ctlng reliability of large-scale Military Surplus Flight Safety Critical Air-
y craft Parts, Engines, and Propellers.

" - Safety analysis methodology
Initiated data/data analysis improvements to . I
Continue the development of probabilistic

the Aircraft Certification Systems Evaluation ; e hat add ircraft
program (ACSEP) safety assessment efforts that address aircra

safety

Continue data study supporting ACSEP eval-
uation frequencies for group Il and IV facili-

Initiated development of probabilistics safety,
assessment for aircraft safety

KEY FY 2000 PRODUCTS AND MILE- ties
STONES:

FY 2000 PROGRAM REQUEST:

Risk analysis decision support In FY 2000, research will continue to focus on the

Continue to develop, test, and validate newreas listed at the beginning of the “Goals” sec-
and enhanced risk analysis models and cap#on above. Data assimilation and analysis that

bilities support the ASRA initiatives will continue. Ana-
mance measures demia aviation safety subject matter experts to en-

: shre that safety critical performance measures are
Continue to develop the safety manageme :
program properly defined, developed, tested, and evaluated

before they are incorporated into decision support
Release a report on the work processes &stems. The Aviation System Risk Analysis pro-
support a system safety model gram investigates, tests, and recommends im-
Initiate development of statistical analysigprovements, including standardization, to the
methods based on a system safety model quality (and quantity) of data used in the perfor-
Continue workshops with industry to discus§hance measures. It completes studies to identify
aviation safety risk models/methods and verify flight standards and aircraft certifica-

Continue the development of the Intelligen{Ion safety information requirements.

Safety Performance and Evaluation System
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A06g - Aviation Safety Risk Analysis
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

060-110 Aviation Safety Risk Analysis

Risk Analysis/Decision Support (RADS)
Develop Risk-based Forecasting Methods
Develop Safety Critical Performance Indicators (i.e. Operator, Air
Agency, Aircraft, Air Personnel)

Conduct Workshops to Exchange Aviation Safety Risk
Models/Methods with Industry

Continue Development of Intelligent Safety Performance &
Evaluation System

Develop Risk/Hazard/Accident Models and Tools
Develop and Report on Next Generation Work Process Models in
Support of ATOS

Develop Statistical Analysis Methods in Support of Air
Transportation Oversight System (ATOS)

Develop User Defined Performance Measures

Aircraft Maintenance: Maintainability & Reliability

Released Web-based Digital Library Prototype with Emphasis on
General Aviation (GA)

Released Report on Detailed Trend Analysis of Fatigue and
Corrosion in 13 Transport Aircraft Models

Release Report on Methodology for Accurately Predicting
Reliability of Large-scale Software System

Revamp the Maintenance Malfunction Information Reporting
(MMIR)

Conduct Analysis in Support of Advisory Circular: Eligibility &
Evaluation of US Military Surplus Flight Safety Critical Aircraft
Parts, Engines, & Propellers

Release Version 1.0 of (SDR) Analysis Tool

Aircraft Continued Airworthiness Assessment

Improve and Conduct Detailed Study of ACSEP Evaluation
Frequencies for Groups Il and IV

Continue Airworthiness Assessment of Various Aircraft Classes
for each of Accident/Hazardous Incident Major Causes
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Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

0

3,619
316
65

5,289
1,039
213

5,555
794
122

5,286
1,393
145

0
0
0

4,000

6,541

6,471

6,824
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2.4 Aviation Security

Mission

aircraft hardening, airport security, and human

The FAAs Aviation Security Research and Develfactors. Program outputs include:

opment (R&D) Division has the lead responsibils
ity within the FAA for R&D programs related to
civil aviation security. The division performs
R&D to eliminate civil aviation security incidents
and provides assistance in anticipating future
risks to civil aviation.

Division programs accelerate and expand R&D
and implement advanced technologies. Division
products provide equipment and methods to coun-
teract terrorist efforts against civil aviation.

Well-integrated, automated, aviation security sys-
tems that leverage benefits from a variety of tech-
nologies will produce better operational perfor-
mance. The mission of the future will rely less off
human intervention.

Intended Outcomes

The main goal of the Aviation Security R&D pro-

gram is to mitigate terrorist threats to civil avias
tion. This promotes public confidence and di-
rectly benefits the aviation industry economically.
The increasing extent and sophistication of terror-

Developing and distributing to FAA R&D se-
curity planners a structured, total airport secu-
rity system definition and concept of opera-
tions

Developing standard test protocols and per-
formance criteria to aid in the operational de-
ployment of improved aviation security sys-

tems

Developing lists of accepted automated ex-
plosives detection devices (EDD) and ap-
proved explosives detection systems (EDS)
for air carriers, airports, and other Govern-
ment agencies

Defining standardized, traceable methods of
airport security screener training and evalua-
tion
Testing explosives-resistant luggage contain-
ers

Exploring other blast mitigation techniques
that will help ensure that potentially cata-
strophic terrorist acts do not result in the loss
of aircraft

ism makes it imperative that the FAA identify anquiation Security R&D products are EDS, EDD
develop practical, effective technologies applicag .\no|gies, specifications, analysis tools, and

ble to aviation security systems. Aviation securit}/e
systems must be comprehensive, addressing
potential aviation security vulnerabilities in thefa
airport, on aircraft, and in the NAS as directed.

el

hnology integration plans. These products are
ed by airports, air carriers, and airframe manu-
cturers to improve civil aviation security.

_ Program Area Structure
The FAA conducts extensive R&D to detect exThe Aviation Security R&D organization is di-

plosives, weapons, and other more sophisticatggjed into the aviation security R&D program
devices, to prevent their placement onboard aigto four interrelated areas:

craft. The Aviation Security R&D program fo-

cuses on automated aviation security systems ahd E?(plosives and. weapons detection
screening protocols that are the least intrusive amd Aircraft hardening

enable the highest throughput, which minimizes
passenger delays and inconvenience. The FAA
conducts R&D to identify methods of hardening

Human factors

Airport security technology integration

aircraft fuselages to mitigate damage from expld=ach area makes a significant contribution toward
sives, weapons, surface-to-air missiles, and eledchieving the goals of the Aviation Security sys-

tromagnetic interference.

Program Area Outputs

tem of the future.
Explosives and Weapons DetectidFhis area de-

velops new, improved methods and technologies
The FAA, through the Aviation Security R&D to detect explosives in checked and carry-on bag-
program, promotes development of technologgage, on passengers, in air cargo, and in mail.
cally improved products in explosives detectiorWeapons detection for passengers, personnel, and
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their carry-on luggage prevents the armed takémny one program will not solve all the issues, be-

over of aircraft. These methods and technologiesause technology development has not reached a

are used in airports prior to aircraft boarding. Thipoint where it can operate autonomously. A sys-

program area also develops standards and spedéims-oriented approach is being adopted, balanc-

cations for detection equipment. ing and tailoring the application of people, proce-
dures, and technology to each threat classifica-

Aircraft Hardening. This area conducts researchion.

to increase civil aircraft survivability in the case

of an in-flight explosion. It also seeks to identifyCustomer/Stakeholder Involvement

the minimum weight of an explosive that will re-The Aviation Security Improvement Act of 1990

sult in aircraft loss. Another consideration is tgPublic Law 101-604) provides direction to ex-

protect aircraft avionics and systems from thgand the FAAs System Security Technology pro-

damaging effects of false electromagnetic dgram (SSTP) for aviation security as follows:

high-energy signal interference. « Accelerate SSTP over a 36-month period

Aviation Security Human FactorsThis area im- ¢ Expand SSTP to address current and future
proves the human element of the aviation security threats
system and develops methods to measure apnd
maintain performance levels as aviation security
components merge into an integrated system. It
emphasizes staffing, personnel, training, perfoth 1996, the White House Commission on Avia-
mance, human factors engineering, and health athan Safety and Security strongly emphasized
safety aspects of human performance capabilitiesntinued R&D in all program areas and recom-
and constraints. mended deployment of existing explosives detec-
tion technology. Congress funded further R&D
Airport Security Technology IntegrationThis and the FAAs purchase and installation of EDS
area focuses on technologies that prevent unaand EDD. The FAA Security Equipment Inte-
thorized access to aircraft and airport facilitieggrated Product Team (SEIPT) is currently deploy-
Major emphasis is on recommending future sysag this detection equipment at various airports
tem definition and concept of operations. Techthroughout the United States.

nolo roducts include state-of-the-art perimete . .
dy P P é her stakeholders include the National Academy

control, automated access control systems, a8 ISciences the Aviation Security R&D Scien
assenger baggage-matching systems that prever . ’ : -
P g g99ag g sy P ic Advisory Panel, the R&D Advisory Council,

unaccompanied luggage from being loaded in o . . .
; " Th I imulati nql the Aviation Securl'_[y Advisory Committee,
aircraft e program develops simulation anah|ch hold frequent reviews of R&D plans and

modeling tools. One set of tools performs airpoWSuItS Efforts also include multi-interagency
rity analysis, while the other i " ) o
security analysls, e the other set is used ﬁ}grk with the Technical Support Working Group.

Expand FAA aviation security initiatives in
aircraft hardening and human factors

seamlessly integrate, improve, and reduce oper : . ) . .

ing costs for technologies developed by other pr elr recommendgtlons include changes in the di-

grams in the Aviation Security area. rection or emphasis of research plans.
Accomplishments

In effect since 1974, the FAA Aviation Security
R&D program can point to significant accom-
E[ishments:

The FAA Aviation Security R&D Division con-
ducts six R&D projects to achieve the goals of th
four Aviation R&D program areas. Three R&D
projects—Checked Luggage, Cargo, and Chec
point—support the explosives and weapons de- Certified the CTX 5000 and established a
tection program area. Each of the other three pro- demonstration effort that delivered four certi-
gram areas has a dedicated R&D project. These fied CTX 5000 explosive detection systems
are Explosives Vulnerability and Mitigation Tech-  to air carriers for operational testing; with
nigues, Human Systems Integration, and Security data collected and analyzed at airports in San
of Civil Aviation Airports and Air Carriers. Francisco, Atlanta, and Manila
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Provided critical input to the SEIPT initial de-tionships with many organizations. These organi-
ployment of 54 CTX 5000 explosive deteczations include U.S. Government agencies, indus-
tion systems, beginning in January 1997  try, academia, and foreign countries that promote

Provided critical input to the SEIPT initial de-téchnology development for improved aviation
ployment of over 210 trace explosive detecsecurity. Each of the FAA's partnering organiza-

tion devices to 18 airports in FY 97 and abouions contributes to the Aviation Security R&D
280 more in FY 98 mission by providing information, R&D, equip-

. . : ment, and/or facilities. The FAA uses these part-
Studying additional trace detection proto-

types, as a result of testing in airport enviro
ments

Validated and refined explosives detection
criteria based on joint U.S./U.K. Boeing 747
explosives testing and a Lockheed L1011 test
performed with the manufacturing commu-
nity

Deployed trace detection devices and the
CTX 5000 system at the 1996 Olympics i
Atlanta and will support the 2000 Olympic
games in Australia

Developing and testing a second-generation
computer tomography system, in conjunction
with L-3 Communications *

Conducting a demonstration effort on hard-
ened LD-3 luggage containers

Established criteria to limit cross-contamina-
tion of explosives used to train and certify K-

nership agreements to leverage its Aviation Secu-
nr"lty R&D project investments. Three recent
projects are a testament to this leveraging:

A partnership with the Defense Advanced
Research Projects Agency (DARPA), in
which FAA investments were $25,000, re-
sulted in airport Aviation Security R&D ef-

forts exceeding $16 million

A partnership in the industrial sector with
Science Applications International Corpora-
tion (SAIC) resulted in a bulk detection effort
worth an estimated $35 million from a $5
million FAA investment

A cost-sharing agreement with two manufac-
turers to develop additional sources for certi-
fied EDS. These systems expected to come to
market in FY 1999 will increase the effi-
ciency and effectiveness of available detec-
tion options while reducing cost through

Research and Development Partnerships

9 detection teams competition.

Conducting operational testing of a numbef 5ng.Range View
of FAA-developed screener training enhanc

®'he FAA envisions an integrated aviation secu-
ments

rity system for the 21st century that incorporates
Performed an international study of radio frethe strengths of a variety of technologies that are
quency identification tags, making positivecontinuously being monitored and upgraded to re-
passenger baggage matching (PPBM) cost-&fpond to changes in the threat environment. This
fective and operationally feasible when demntegrated system will enable aviation security
ployed in the field professionals to perform most effectively.

Completed an economic analysis of PPBM,;;omated detection technologies will enhance
costs and provided the results to both industiyereener performance by providing detection that
and FAA rulemaking teams is constantly vigilant and not subject to distraction
Completed the Blast/FX effects model and isr fatigue, as in the case of human or canine
in the process of adding the Toxic Effectscreeners. This understanding of the aviation se-
model. The Blast/FX model shows the struceurity system of the future guides and directs fu-
tural effect of explosives on airport facilitiesture Aviation Security R&D efforts and supports
and casualties based on explosive weight aniécisions for FAA investments.

airport configuration scenarios. . - , : .
P g Terrorist capabilities and techniques will continue

to increase and evolve. This ever-changing threat

Since its inception, the Aviation Security R&Dnecessitates continued funding of R&D for the
program has sought to establish productive reléareseeable future. Aviation Security R&D efforts

2-95



1999 FAA NATIONAL AVIATION RESEARCH PLAN

will continue to focus on modifications and otheEfforts will continue, expanding to include the en-
technical improvements to deployed explosivere aviation spectrum, including airports, air-
detection equipment. planes, and other areas of the National Airspace

Identification and evaluation of explosives miti-SyStem' as needed.

gation techniques will also continue.
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AQ7a Explosives and Weapons Detection

GOALS: * The FAA sponsors the National Academy of
Intended Outcomes: This program supports Science to assess program resee_lrch initiatives
goal 2 of the FAA Strategic Plan: “Aviation Secu- ~ @nd 10 review explosives detection research
rity—2Zero Incidents.” It intends to eliminate the ~ Priorities. The Committee on Civil Aviation
possibility of terrorist ability to conceal impro- ~ SE€CcUrity meets several times a year, and spe-
vised explosives devices, weapons, and flamma- plal panels address specific cruc[al areas of
ble gas or liquid explosives on aircraft. Specifi-  Intérest such as personnel screening and con-
cally, it applies to objective 2B, in that it strength- ~ figuration management of explosives detec-
ens the baseline of security through accelerated ton hardware and software. The committee’s

development and application of advanced tech- findings and recommendations directly affect
nology. the E/W program strategy and concepts.

The explosives detection program must
respond to congressional mandates such as
Public Law 101-604 and section 303 of the
Federal Aviation Administration Reauthoriza-
tion Act of 1997, as well as the Aviation
Improvement Act of 1990, the White House
Commission on Aviation Safety and Security,
e Meets increased passenger flow while mini- the Aviation Security Advisory Committee
mizing cost by developing automated systems Base Line Working Group, and the General
Accounting Office (GAO).

This is accomplished by making improved EDS
and devices available to airlines and groups re-
sponsible for airline security, both domestic and
international. These systems and devices decrease
the U.S. air carrier and airport vulnerability to ter-
rorist acts. Specifically, this program:

* Enhances the security of the worldwide flying
public Accomplishments:Explosives detection research

- Promotes adaptation of the best existing arfgSults are used by the Office of Civil Aviation

continually evolving threat possibilities Since 1991, the Explosives and Weapons Detec-

tion program has:
Agency Outputs: The FAA establishes policies

and rules for airline compliance to security direct ~ Certified the world's first explosives detec-
tives. This rulemaking process depends on re- tionsystem

search and development, testing and evaluatian, ggtaplished test and evaluation criteria and

and data packages supporting equipment mandat- protocols for checked baggage
ing decisions. The object of is to enhance the se-

curity of the flying public through continuous in-* Developed a world-wide accepted trace de-
volvement in present and future threat detection tection standard for electronic items

and mitigation. « Held two international symposia on explo-

The FAA has deployed both Bulk and Trace ex- Sives detection

pIOSiVES detection systems through the SEIPT. . Sponsored three International Society for Op-
tical Engineering (SPIE) conferences on do-

Customer/Stakeholder Involvement: The FAA . i ; . .
mestic and international explosives detection

is the world leader in developing explosive detec-
tion research and in testing and evaluating related Conducted an International Civil Aviation

equipment. Organization (ICAO) workshop on trace de-
tection standards for electronics explosives

 The FAA interacts with industry, academia, d .
etection

other Government agencies, oversight groups,

special interest groups, Congress, foreign Completed an airport demonstration of certi-
governments, national laboratories, individual fied explosives detection equipment at San
researchers, and the general public. Francisco and Atlanta international airports
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Supported the 1996 Olympic games with exMAJOR ACTIVITIES AND ANTICIPATED
plosives detection equipment installations &Y 1999 ACCOMPLISHMENTS:

five airports

Bulk explosives/weapons detection

Developed competing technologies to the cer-
tified EDS

Developed and tested personnel portal scap-
ning systems

Provided technical support to the SEIPT fog
airport deployment of bulk and trace detec-
tion equipment

Tested carry-on baggage screening with the
operator assist function

R&D Partnerships: The explosives detection
program works closely with academia, industry, _
and other national laboratories. Partnerships witHace detection
organizations reduce costs, where possible, By
combining research initiatives that use the same
technologies for slightly different purposes. Morg
than 90 contracts, grants, CRDAs, and inter-
agency agreements are in place with industry, aca-
demia, and other Government agencies. R&D
partnership activities include:

InVision Inc., working with the FAA, has
produced the first certified explosives detec-
tion system in the world. It is now available’

Developed competitive computed tomogra-
phy-based explosives detection system

Developed improved quadrupole resonance
prototype

Developed new technologies based on emerg-
ing threats

Set standards for carry-on and cargo-screen-
ing systems

Completed evaluation of non-imaging pas-
senger portal

Benchmarked contamination levels for per-
sonnel and carry-on luggage

Completed benchmark study for automated
trace systems

Built automated trace baggage system proto-
type

Performed operational test of automated
ticket screening device

Set standards for electronics screening

and being sold domestically and internationcombined technology

ally. They are currently supported under a
cost sharing agreement to develop a more ef-
ficient system.

Industry and the FAA share development in

Developed automatic passenger screening
portal for weapons and trace explosives
detection

carry-on, checked, and cargo-scanning sy&EY FY 2000 PRODUCTS AND MILE-
tems. This involvement includes joint fundingSTONES:

agreements, cooperative research and dev%I
opment agreements, and FAA consultation to
help companies improve existing system$
through joint testing efforts.

The interagency Technical Support Working
Group supports explosives detection projects
that can be applied to other agencies. These
projects include document scanners, cargo
screening systems, miniaturization, and per-
formance improvement of trace detection

ulk explosives/weapons detection

Develop new technologies based on emerging
threats

Develop automated carry-on prototype

Reduce false alarm rate in fielded EDS sys-
tems

Test and evaluate commercially available
cargo screening systems

technologies and industry collaboration withlrace detection

foreign governments’ technology develop-
ment programs.

Bilateral agreements exist between the FAA
and several international counterparts.
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Develop trace detection standards for persothreats not addressed by current technologies. In
nel screening each case, standards are developed to characterize

Perform R&D to enhance performance of exthe performance of the newly developed systems.

plosives detection canines Combined technologies are used that merge a sys-

Develop competitive trace automated bagem's ability to analyze and integrate data from
gage system multiple sensors, thus providing an improved de-

Combined technology. tection over single-system capability. This applies

Combine explosives/detonator detector deve‘g baggage, cargo, ar_ld personnel scanning de-

ooment vices. The results of this research should increase
P ' , _ the probability of detection and decrease the false

Develop combined technology personnel inyjarm rates over existing technologies performing

spection system using bulk and trace technoimilar individual functions. New combinations

ogies of devices are being considered for use in envi-
» Develop NQR/X-ray detection system ronments inaccessible to public view.
FY 2000 PROGRAM REQUEST: Research continues into the development of

The program develops or enhances technologitsster, more automated, and cheaper systems that
that detect or discover emerging threats in bottould more easily be integrated into an airport en-
the trace and bulk detection areas. In some caseispnment. The program makes maximum use of
capabilities are added to existing systems or cordata and experience gained from deploying exist-
pletely new technology methods to handle thimg equipment.
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A07a - Explosives and Weapons Detection
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

071-110 Explosives/Weapons Detection

Bulk Explosives/Weapons Detection

Developed Competitive Computed Tomography Based Explosives
Detection System
Developed Improved Quadrupole Resonance Prototype

Develop New Technologies Based on Emerging Threats

Set standards for carry-on and cargo screening systems

Develop Automated Carry-on Prototype

Reduce False Alarm rate in fielded EDS System

Test and Evaluate All Commercially Available Cargo Systems

Airport Test of Advanced Baggage Screening System

Improve existing 2nd/ 3rd generation Computed Tomography EDS
Trace Detection

Benchmark contamination levels for personnel and carry-on

luggage
Complete benchmark study for automated trace systems

Built Automated Trace Baggage System Prototype
Operational test of automated ticket screening device
Set standards for electronic screening

Determine Feasibility of using trace for Cargo Screening
Enhance/Develop Systems to Handle Emerging Threats
Airport Test of Enhanced systems

Develop trace detection standards for personnel screening
Perform R&D for Canine performance enhancements
Develop Competitive Trace Automated Baggage System
Upgrade Trace Systems for ICAO Markers

Develop Chemical Weapons Mitigation Systems

Combined Technology

Develop automatic passenger screening portal for weapons and
trace explosives detection
Combined Explosives/Detonator Detector Development

Develop Combined Technology Inspection Personnel System
using bulk and trace technologies
Develop NQR/X-ray detection system

Develop Phase 1 Lab Prototype Combined X-Ray/Trace System
Develop Checkpoint Suite Prototype

L 2R 2R N 2

OO0

® 600 o

00

<o

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

25,044
3,283
673

38,629
2,297
471

30,832
2,796
572

37,696
3,462
542

35,370
4,827
479

29,000

41,397

34,200

41,700

40,676
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AQ7b Airport Security Technology Integration

GOALS: R,E&D efforts include industry participation with
Intended Outcomes: This program supports the Air Transport Association (ATA) to study the
goal 2 of the FAA Strategic Plan: “Aviation Secu-operational costs and effects of PPBM. This effort
rity-Zero Incidents.” Specifically, it addresseds designed to prevent the loading of unaccompa-
plan objective 2A and 2C (which addresses spgied baggage on aircraft. The FAA collaborates
cific aviation security vulnerabilities and reducWith the Société Internationale de Télécommuni-
tion of international security incidents through cocations Aéronautiques (SITA) and the Interna-
operation with foreign governments). To achievéional Air Transport Association (IATA) in devel-
these objectives, the program strives to block te@ping standards for baggage tracking and recon-
rorist access to the aircraft by analyzing airpofiliation systems and tagging technologies.

vulnerabilities_, investigating advanced pe_rimetefhe program responds to Public Law 101-604,
control surveillance systems, and developing Syge aviation Security Act of 1990, the Aviation
tems that prowdg strict accountability for Iquag%ecurity Advisory Committee (ASAC) recom-
loaded onto an aircratt. mendations, and the recommendations of the
Additionally, the program supports the other aviawhite House Commission on Aviation Safety and
tion security programs by: Security. These provide impetus for security re-

. Identifying advanced threats that the aviatios€arch requirements and dissemination of the re-

community may face in the near future

search results to industry.

« Developing sophisticated models to predicficcomplishments:Results of the ASTI program
the operational effects of inserting securitj® used by the aviation community and also by
measures into the existing aviation System the Office of Civil Aviation Securlty in its rule-

« Developing communication protocols tha
allow advanced systems to work together

Overall progress in meeting these goals results
from: (1) providing methods to increase passen-
ger flow and reduce costs associated with security
risk mitigation; (2) identifying and developing
new technologies, methodologies, and procedures
to enhance performance of security professionals;
and (3) developing and maintaining an integrated
security system approach for countermeasures to
use against identified threats to the civil aviation
system. °

Agency Outputs: The FAA establishes the regu-

lations governing airport and airline security and
the rules for security inspections. It publishes
these rules and regulations, with guidance for
their implementation, in the form of advisory cir-
culars. The Airport Security Technology Integra-
tion (ASTI) program also provides reports and
other forms of technical information to aid the

civil aviation security community in improving ,
security methods.

Customer/Stakeholder Involvement:The FAA
collaborates extensively with the domestic and in-
ternational aviation security communities. The

aking process. Among the results, the program

Completed assessments of radio frequency
(RF) technology for PPBM

Completed evaluations of commercial off-
the-shelf (COTS) airport vulnerability assess-
ment tools against developed functional re-
gquirements

Developed and implemented baseline meth-
odology for vulnerability analysis of airports

Provided statistical analysis of findings to in-
dustry

Integrated security vulnerability countermea-
sures into an operational testbed to validate
security benefits and operational impact

Published functional requirements for an air-
port vulnerability analysis tool and validated
selected COTS vulnerability assessment tools
against these requirements

Completed biannual technical reports that
identify and prioritize advanced technical

threats against civil aviation. This report

drives research requirements and guides cur-
rent and future research trends
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» Completed an airport explosives security sureceiving points. The test will determine the feasi-
vey analysis and correlated information tdility of a positive driver ID and cargo seal sys-
identify vulnerabilities across 76 domestidem.
airports; feedback on areas of concern a

corrective action was provided to airports nﬂwe program has interagency agreements with the

_ o _ ~ DOD Office of Special Technology to coordinate
* Published guidelines for industry on securityctivities relative to technology assessments.
revolving doors for use at concourse screemiso, the agency coordinates efforts with the U.S.

ing points Air Force and the DOD Defense Special Weapons
«  Published functional guidelines for the PPBMAGeNCy related to simulation and modeling of
system blast effects and biological and chemical effects

- e . on aviation facilities.
» Developed guidelines for mitigating risk to

blast effects The ASTI program is the designated lead for the
ilateral agreement with Canada’s Department of
ransport for physical security of airports. Partici-
pation in the General Services Administration, In-
 Investigated advanced airport security comeragency Advisory Committee on Security
mand and control methods Equipment (IACSE) provides a forum for tech-

« Identified opportunities for airport securitynology interchange.

and operations improvements via informatio\qgitionally, grants, cooperative research and de-
Integration velopment agreements (CRDA), and memoran-

R&D Partnerships: The ASTI program— dums of understanding/agreement with industry,

through partnership with the RTCA Subcommit&cademia, and other government agencies provide
tee (SC) 183, and participation of industry—deleverage to the program in areas of mutual inter-

veloped a standard for airport security access cofst-

tr_ol systems. .Relatlons_hlps with ATA and the RelVIAJOR ACTIVITIES AND ANTICIPATED
gional Aircarrier Association (RAA) focus on the

study of economic effects of PPBM on the indusl?Y 1999 ACCOMPLISHMENTS:

try. A yearlong cooperative study culminated withhomestic air travel
the publication of a project report that analyzed
the economic effects of PPBM on the aviation in- ;ggiﬂfirrgddas?essments of RF technology for
dustry. The FAA continues this relationship to ful- O Industry

fill the requirements of the White House Commist  Developed functional specification of cost-
sion on Aviation Safety and Security recommen- benefit model

dations for PPBM. The ASTI program determines  conducted operational test of RF-based bag-

the operational effects of alternative approaches gage-matching system in multiple airports
to, and research of, technologies to increase the

efficiency and security of reconciling baggagé
with passengers.

» Performed testbed studies in feasibility are.?l
of personnel access control

Conducted evaluation of security systems to
ensure in-transit security of cargo bound for
carriage on passenger aircraft

Developed a protocol standard for explosives
detection systems to communicate with bag-
gage-handling systems to ensure accurate
tracking of alarmed bags

The program works with Airports Council Inter-
national-North America (ACI-NA) to integrate

operational airport design needs into a PPFM
tool. When completed, this software package will
be transferred to industry for use as a tool in con-
figuring security systems and technologies into Completed passenger and baggage flow

the airport environment. model
The program and the State of Illinois are cospori- Imngg;plorated enhancements to Blast Effects

soring research on the security of cargo shipments
in transit from remote cargo facilities to airlines Developed Toxic Effects model
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Airport security » Develop airport vulnerability assessment
Evaluated COTS airport vulnerability assess- methods to be used by field personnel
ment tools and methods « Perform large-scale demonstration of ad-
Refined threat/countermeasures database vanced airport commands and control meth-

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Developed an architecture for security moni- ods

toring equipment information integration + Test emerging sensors and systems for low-
Researched advanced countermeasures cost performance intrusion detection

Developed operational testbed infrastructur _
in new security operations center EY 2000 PROGRAM REQUEST:
In FY 2000, the program will complete several
key efforts and publish their results for use by the

aviation community. These publications will in-

Domestic air travel clude reports on RF technology that will likely in-

fluence establishment of worldwide standards in
She field. The program will finalize, in coopera-

) ) tion with industry, a standard for communication
Publish report on operationally tested RFpetween advanced detection systems and auto-
based baggage-matching system in multiplg\ated baggage-handling systems. Such a standard
airports is critical to effective use of the new detection
Publish report on systems to ensure in-trangéchnologies. Additionally, the program will fi-
security of cargo bound for carriage on pasalize its passenger baggage flow model. Airport
senger aircraft and airline planners will use this planning tool to
Publish a communication protocol standaréind the most efficient security equipment layout

for EDS integration into automated baggag#/ithin existing and future terminals. The program
handling systems will continue to support other aviation security

programs by assessing future threats to aviation

Publish a threat analysis report for NAS sp
cific subsystem component

Airport security security, developing sophisticated simulation

Integrate EDS and other security vulnerabilityools, and addressing new technology integration
countermeasures into operational testbeds issues.
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Program Schedule

AO07b - Airport Security Technology Integration
Product and Activities FY 1999(FY 2000| FY 2001|FY 2002 |FY 2003 [FY2004

073-110 Airport Security Technology Integration

Domestic Air Travel
Transferred Radio Frequency (RF) Technology for Positive &
Passenger Bag Match (PPBM) to Industry

Update Bl-Annual Report on Countermeasures to Identify
Advanced Means of Attack Against Civil Aviation

4
<
o

Bound for Carriage on Passenger Aircraft

Developed a Protocol Standard for Explosives Detection Systems
to Communicate with Baggage Handling Systems to Ensure
Accurate Tracking of Alarmed Bags

Publish a Communication Protocol Standard for EDS Integration O
into Automated Baggage Handling Systems
Completed Passenger and Baggage Flow Model

Publish Threat Analysis Report for NAS Specific Subsystem O

Components

Developed Functional Specifications for Cost-Benefit Model L 2

Publish Report on Operationally Tested RF-based Baggage * IS

Matching System in Multiple Airports

Publish Report on Systems to Ensure In-transit Security of Cargo ® O
L 4

Developed Blast Effects Model

L R 2 4

Developed Toxic Effects Model

Airport Security
Integrate EDS & Other Security Vulnerability Countermeasures O O
into Operational Testbed
Evaluated Commercial Off The-Shelf (COTS) Airport Vulnerability
Assessment Tools and Methods
Refined Threat/Countermeasures Database * O <o o O o

.

Developed an Architecture for Security Monitoring Equipment &
Information Integration
Develop/Refine Airport Vulnerability Assessment Methods to be O & O
Used by Field Personnel
Advanced Countermeasures Researched *

Large Scale Demonstration of Advanced Airport Commands O O
and Control Methods

Testing of Emerging Sensors and Subsystems for Low-Cost
Airport Security Devices

Develop/Refine Operational Testbed Infrastructure in New L 2 O O O O O
Security Operations Center

<
<
<
<
o

Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000

($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 490 3,165 1,127 1,832 909
Personnel Costs 423 492 1,127 754 1,258
Other Costs 87 101 231 122 118
Total 1,000 3,758 5,000 2,708 2,285
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AQ7c Aviation Security Human Factors

GOALS: e Partners with multiple airlines to test and

Intended Outcomes:This program supports the ~ €valuate equipment, personnel, and proce-
goal to improve the detection of explosives and dures

weapons in the security portion of the 1998 FAA\ccomplishments: Results of Aviation Security
Strategic Plan. Specifically, the Aviation Securityy man Factors research are used by the Office of

Human Factors program targets the Strategisjyi| Aviation Security in its rulemaking process.
Plan's focus areas of establishing a security basgmnong the results, the program has:

line and defining the information security archi- ] o )
tecture. » Refined definition of knowledge, skills, and

abilities needed for checkpoint screening

Developed functional requirements for the
Screener Proficiency Evaluation and Report-
ing System (SPEARS) components of

* Improved aviation security system perfor-  screener selection, training, and performance
mance and efficiency through better operator monjtoring

selection, training, and performance monitor:
ing techniques for the various detection tech-
nologies

« Optimized human performance contributions
to the overall aviation security system perfor- .
mance, merging individual detection systems conventional X-ray and computed tomogra-
into a combined technology system, through PhY (CTX 5000) images
enhanced machine interfaces and integration Developed Computer-Based Training (CBT)

for both checkpoint operations and checked

baggage evaluation with the CTX 5000

Developed Threat Image Projection (TIP) for

. . both conventional x-ray machines and the
* Reduce security costs resulting from automa-  ~1x 5000

tion
* Reduce vulnerability to terrorist threats

« Decrease risk of catastrophic financial loss re-
sulting from airplane sabotage

* Increase public confidence in the safety of air

This program leverages funding for equipment
development by producing usable and effective
products:

Measured baseline checkpoint security per-
formance.

Developed screener selection tests for esti-
mating future performance, interpreting both

Agency Outputs: The FAA establishes standards
for security activities, and this program conducts
R&D for technical input essential to: °

» Developed dupe checklist system

Developed manual domestic passive profiling
system

Developed Computer-Assisted Passenger
Screening (CAPS) profiling system

travel
« Increase global U.S. industrial competitiveR&D Partnerships: This program works closely
ness with a variety of agencies and groups involved in

, aviation, such as:
Customer/Stakeholder Involvement: This pro-

gram supports the Office of the Associate Admin The International Aviation Security Human
istrator for Civil Aviation Security as mandated  Factors Technical Advisory Group, to ensure
by the Aviation Security Improvement Act of  effective communication of research results
1990 (Public Law 101-604). and avoid duplication of efforts

. Responds to requirements from the AviatioA Lawrence Livermore National Laboratory,
Improvement Act of 1990, the White House through an interagency agreement
Commission on Aviation Safety and Securitys Cooperative research grants, to develop and
Baseline Working Group on Aviation Secu-  operationally test SPEARS screener selec-
rityy, and the General Accounting Office tion, training, and performance monitoring
(GAO) components

2-105



1999 FAA NATIONAL AVIATION RESEARCH PLAN

MAJOR ACTIVITIES AND ANTICIPATED
FY 1999 ACCOMPLISHMENTS:

Domestic airlines and research organizations, Improve screener selection, screener ma-
including: chine interfaces, CBT multimedia training,
_ Alaska Airlines and performance-monitoring systems for

. emerging detection technologies
— Delta Airlines

Establish criteria and data for rulemaking

o about screener selection, training, and profi-
— Northwest Airlines ciency assessment

— EG&G Astrophysics Research Corporation®

— Public Computer Systems

— Rapiscan Security Products Inc. Human systems integration (HS)

« Continue to evaluate detection systems in-
volving emerging technologies, such as bottle
screening and millimeter wave detection

Screener selection/training/testing « Integrate new and emerging detection tech-

Refined definitions of knowledge, skills, and  nologies into their operational environment

abilities for using emerging detection technol- , ,
ogies * Provide HSI evaluations on the manpower,

personnel, training, human factors engineer-
ing, health, and safety aspects of security sys-
tems, especially those involving EDS and

weapons detection technologies

Improved screener selection, screener ma-
chine interfaces, CBT multimedia training,

and performance monitoring systems for
emerging detection technologies

Criteria and data for rulemaking aboufry 2000 PROGRAM REQUEST:
screener selection, training, and proficiency

assessment This program focuses on producing key FY 2000
products to accomplish stated goals. Results em-

Human systems integration (HSI) phasize R&D within the areas of screener selec-

Completed evaluations of detection systemtgon/training/testing, and human systems integra-
involving emerging technologies, such as botion. The program improves screener selection,
tle screening and millimeter wave detection screener machine interfaces, CBT multimedia

Optimized combined detection technologie§aining, and performance-monitoring systems for
through component integration within futuris-emerging detection technologies.

tic screener stations _ _ o
The research provides the basis for establishing

t?:'riteria and data for rulemaking. It evaluates de-
tection systems involving emerging technologies,
Provided HSI evaluations on the manpoweguch as bottle screening and millimeter wave de-
personnel, training, human factors engineefection. It also optimizes detection technologies
ing, health, and safety aspects of security SYgsrough component integration within futuristic
;[/\E/)(rar:asp’or?ss%i(;:aac!![)i/or:r;giﬁng\olg:\é?g EDS an%creener stations and integrates new and emerging
detection technologies into their operational envi-

Integrated new and emerging detection tec
nologies into their operational environment

KEY EY 2000 PRODUCTS AND MILE- ronment. Finally, it provides Human Systems In-
STONES: tegration evaluations on the manpower, person-

nel, training, human factors engineering, health,

Screener selection/training/testing and safety aspects of security systems, especially

Determine knowledge, skills, and abilities foithose involving EDS and weapons detection tech-
using emerging detection technologies nologies.
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Program Schedule
A07c - Aviation Security Human Factors
Product and Activities FY 1999|FY 2000| FY 2001|FY 2002 |FY 2003 |FY2004
076-110 Aviation Security Human Factors
Screener Selection/Training/Testing

Determine Knowledge, Skills, & Abilities Required for Screeners 3 ko3 ko3 ko3 ko3 [es

to Use Emerging Technologies

Improve Screener Selection, Screener-Machine Interfaces, < O O O O O

Training Programs, and Performance Monitoring

Establish Criteria and Data for Rulemaking L 2 O O O O o

Human Systems Integration (HSI)

Provide HSI Evaluations on Manpower, Personnel, Training, < IS O IS O O

Human Factors Engineering, Health and Safety Aspects of

Security Systems

Evaluate New Detection Systems (e.g. Bottle Screening, Millimeter| @ & <o o <o <o

Wave Detection

Integrate New and Emerging Technologies into Operational L & o O o O

Environment

Optimize Combined Detection Technologies Within Futuristic L 2 O O O O o

Screener Stations

Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 2,039 4,446 4,723 4,078 4,114
Personnel Costs 423 492 679 1,064 1,032
Other Costs 87 101 138 140 110
Total 2,569 5,039 5,540 5,282 5,256
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AQ7d Aircraft Hardening

GOALS: tor for Civil Aviation Security, and complies with

Intended Outcomes:In accordance with the stra-t€ avifation sepgrity 'requirement's docur_n_ent of
tegic goal of eliminating security incidents in thdn€ Office of Civil Aviation Security. Addition-
aviation system, the overriding program goal is @Y. the program, as required, periodically reports
protect commercial aircraft from catastrophidechnical progress directly to Congress.
structural or critical system failure due to an inAccomplishments:

flight explosion. Secondary objectives are to in;
vestigate vulnerability from some spurious elec-
tromagnetic or high-energy signal interfering with
aircraft electronic systems and to assess the threat
presented by manually operated, highly mobile,
surface to air missiles.

Validated established detection standards
through analysis and explosive testing of the
minimum size, type, and location of explo-
sives that could cause a catastrophic aircraft
failure

* Proved the feasibility of and determined the
The program determines and identifies: (1) the standards for explosive-resistant luggage con-
minimum size of an explosive that would resultin  tainers used in wide body aircraft
aircraft loss; (2) the methods and techniques that pyoyiged prototype containers to the airlines
can be applied to the current and future fleet of 5 conduct an operational assessment of the
commercial aircraft to decrease the level of vul- st and improved security effectiveness of
nerability to explosive effects; and (3) the threat jnpjlementing hardened containers as a con-
to aircraft from electromagnetic interference, pro-  tinyation to the container effort that was sug-

jected energy, and surface-to-air missiles and gested by various members of Congress

practical countermeasures. « Initiated a process, while working with DOD

Agency Outputs: The program delivers docu-  and other Government agencies, to assess the
mented explosive vulnerability data to the explo-  vulnerability of commercial aircraft to terror-
sive detection community and, depending on re- ist-induced electronic and mobile missile
search results, provides recommendations for threats

rulemaking relative to mitigation techniques. I'rRgD Partnerships: From the outset, the pro-
the area of other threats, the program provides Iigram has used expertise from the U.S. Air Force,
ports to the staff of the Associate Administratoy.S. Army, and U.S. Navy, as well as consulted
for Civil Aviation Security describing specific with various Department of Energy laboratories
commercial aircraft vulnerability to threats asand NASA. Relationships also have been estab-
well as possible countermeasures. To meet thegghed with the U.S. aircraft and container manu-
requirements, the program has been divided infacturing industries, and research efforts have
the following three projects: explosive vulnerabilheen coordinated with the United Kingdom, Is-
ity and aircraft-design-related mitigation techrael, and France. The program also uses the ser-
niques, container hardening, and protectiogices of many defense- and aircraft-related indus-
against advanced terrorist threats. tries. The prime program objective is to collect
data to support rulemaking. As the program uses a
Mvide spectrum of industry experts, the program
as transferred or will transfer all developed tech-
Eologies directly to the appropriate private mar-
et.

Customer/Stakeholder Involvement: The air-

craft hardening program was initiated in 1990 i
response to the directives of the President's Co
mission on Aviation Safety and Security and th
mandates set forth in the Aviation Security Im-

provement Act of 1990. The program is continupAJOR ACTIVITIES AND ANTICIPATED

ally assessed by the Security Subcommittee of tipsy 1999 ACCOMPLISHMENTS:
FAA R,E&D Advisory Committee and has been

subjected to scrutiny and endorsed by the Geneka@ntainer hardening
Accounting Office. The program content directly  Transitioned container technologies to private
supports the customer, the Assistant Administra- industry
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» Completed operational assessment of LD-8 Develop new aircraft certification criteria
hardened containers with airlines
i . Projected energy, electromagnetic interference,
Aircraft vulnerability and other terrorist threats
* ldentified and validated through testing the
vulnerability of narrow body commercial air-"
craft to explosive effects

* \Validated, through explosive testing, the blasty 2000 PROGRAM REQUEST:
effects of a variety of different explosives for ) ] ]

on the areas listed at the beginning of the “Goals”
Projected energy, electromagnetic interference, section above. As vulnerability assessments
and other terrorist threats evolve, ideas to mitigate blast either through ret-
 Identified possible mitigation techniques toofitting the current fleet or instituting new design
counter projected energy and other threats techniques and materials are being identified.
« Developed procedures/rules for man portabI-Ehese ideas and concepts are analyzed and tested

Develop procedures/rules for electromagnetic
interface

air defense systems (MANPADS) and recommendations for new specifications are

made as required. Special emphasis is placed on

KEY FY 2000 PRODUCTS AND MILE- assessing and recommending hardening actions
STONES: regarding the long-term implications of terrorism

on new commercial aircraft concepts, such as the

Container hardening _ 800- to 1000-passenger jumbos and the high-
* Investigate and demonstrate protection fo§peed civil transport.

limited number of bags on narrow bodied air-
craft In addition, analyses of the impact of electromag-

. Complete assessment of other than LD-3 siztic interference, projected energy, and MAN-

containers; make the decision on rulemaking”APS on commercial aircraft are underway and
anticipated to be complete by the end of FY 2000.

Aircraft vulnerability These research efforts are primarily investigative

« Assess security implications associated witi nature and involve an assessment of the poten-
the introduction of 800 passenger jets and/d@l vulnerability of an aircraft to these threats.
high-speed civil transports

» \Validate appropriate new techniques to miti-
gate explosive effects

2-109



1999 FAA NATIONAL AVIATION RESEARCH PLAN

A07d - Aircraft Hardening
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

075-110 Aircraft Hardening

Container Hardening

Completed Operational Assessment of LD-3 Hardened Containers
with Airlines

Complete Assessment of Other Than LD-3 Size Containers,
Make Decision on Rulemaking
Investigate and Demonstrate Protection for Limited Number of
Bags on Narrow Bodied Aircraft
Develop rules for narrow body protective units
Transition Container Technologies to Private Industry

Aircraft Vulnerability

Assess Security Implications Associated with the Introduction of
800 Passenger Jets and/or High Speed Civil transports

Identified and Validated through Testing the Vulnerability of
Narrow Body Commercial Aircraft to Explosives Effects

Projected Energy/Electromagnetics/Other Terrorists Threats

Identified Possible Mitigation Techniques to Counter Projected
Energy and Other Threats

Develop Procedures/Rules for Electromagnetic Interface
Develop Procedures/Rules for Projected Energy

Developed Procedures/ Rules For Man Portable Air Defense
Systems (MANPADS)

Publish Reports Identifying Cost-effective Alternatives For
Mitigating The Threat Of Electromagnetic, Projected-energy
Weapons and MANPADS

Assess Aircraft Design implications relative to
Chemical/Biological Threats

Develop procedures/rules for Chemical/Biological Threat

g

SO0

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

2,986
423
87

6,268
492
101

1,393
504
103

1,139
754
107

3,371
1,497
133

3,496

6,861

2,000

2,000

5,001
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2.5 Human Factors and Aviation Medicine

Mission This program responds directly to FAA Strategic
The Human Factors and Aviation Medicine proPlan goals to “eliminate accidents and incidents
gram will: caused by human error” and to “implement new
decision support systems and associated func-
* Identify, through applied research, methodg§onal improvements that fully account for the
that, when implemented, help achieve thgroper role of people in the system.” This re-
goal of reducing the fatal accident rate by 8@earch also provides human factors support that
percent addresses the FAA goal to “reduce the costs of
- Ensure, through innovative research and maf]¥ind by making the air traffic management sys-
agement initiatives, that human factors issud€™M more efficient to use.
are addressed in acquiring and integrating a3uman factors research is developing human-
new and modified FAA aviation systems  centered flight controls and displays and is in-
creasing consideration of human factors in air-
crew training. This research also explores pros-
+ Develop recommendations for protectivepects for safety enhancement through automated
equipment and procedures statistical analysis of flight-recorded data and

- Provide options for FAA regulatory and mecl_through certification of new aircraft and equip-

ical certification staff charged with develop—mem design and modification.
ing safety standards and regulations addregsr- aviation maintenance, human factors research
ing all aircraft cabin occupants develops more effective methods for maintenance

The rapid evolution toward increased operationé‘?c.hn'c'an and inspector training, and it improves

demand, diversity of aircraft and systems, chan viation maintenance technician and inspector
) ’ N ' fask performance.
ing technology, and globalization of the airline

aircraft industry challenges the Human Factons general aviation (GA), safety is enhanced
and Aviation Medicine Offices to meet the abovehrough understanding and improving pilots’ de-
goals by: cisionmaking skills.

* Review medical patterns in civilian flight

» Ensuring that research is focused on areas @viation Medicine.This research improves the
rectly affecting aviation safety health, safety, and survivability of aircraft passen-
y9ers and aircrews by identifying human failure
modes and developing formal recommendations
for counteracting measures.

» Capitalizing on opportunities to leverage go
ernment and industry resources

* Forming partnerships with research and uni . .
versity laboratories to rapidly transfer the refl’hro.ugh th!s rgsearch, the FAA develops bloaerp-
sults of research to the aviation community nautical 9“'0'9'”.‘95’ standards, and models fo_r air-

craft cabin equipment, procedures, and environ-

« Undertaking major efforts to ensure thaments as a basis for regulatory action to enhance
human factors expertise is represented acroggpropriate human performance. New medical
functional disciplines and that human factorsriteria, standards, and assessment/certification

considerations are addressed throughout theocedures are also developed to ensure full per-

FAA acquisition process formance capability. Assessing flight attendant
and passenger behavior and disease issues will
Intended Outcomes lead to the development of guidelines to protect

Human Factors.This research increases NASthe health and improve the safety of cabin occu-
safety and efficiency by developing scientificallypants.

validated information and guidance for improvin%
performance and productivity of air traffic con-"rogram Area Outputs

trollers and NAS system maintenance technician§he Human Factors research program:
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Identifies operational needs and problems in-
volving human performance

Funds and guides research programs to ad-
dress operational priorities

Forms partnerships with industry and aca:
demia

Elicits participation by the Nation’s top scien-
tists and professionals

Provides Human Factors guidance to the FAA
for development and implementation of new
technologies

Facilitates transfer of research products to th.e
operational community

The Aviation Medicine research program:

Produces data and other forms of information
that support notices and regulations applica-
ble to aircraft occupant health and safety  «

Develops output options to solve a public de-
mand (e.g., better restraints for children in
aircraft settings)

Assesses disease transfer and other aircraft
occupant health factors

The FAA works to ensure the safety and effi-
ciency of NAS operations, a critical element of
which is operator performance. Through guide-
lines, handbooks, advisory circulars, rules, and
regulations, it provides industry with human per-
formance information and guidance critical to the
design, operation, regulation, and certification ofrogram Area Structure

equipment, training, and procedures. The Humalrh
Factors program research provides the technicﬁal
information necessary to generate these produ%t]
and services.

6]

The Automated Performance Measuring Sys-
tem will provide airlines the ability to analyze
routine operations for dangerous trends and
tendencies and will provide insight into the
details of daily carrier line operations.

Validated pre-hire assessments for air traffic
controllers, electronics technicians, and trans-
portation system specialists will enable the
FAA to select persons with appropriate
knowledge, skills, and abilities for each occu-
pation, which will reduce training required af-
ter employment as well as attrition due to
poor person-job fit.

The Aviation Medicine Office and the Na-
tional Institute for Occupational Safety
(NIOSH) and Health are examining cabin air
quality issues and their effect on passengers
and crew.

Aviation Medicine is also developing:

— Bioengineering criteria to support aircraft
seat and restraint system certification

— Human performance and ergonomic data to
support emergency evacuation regulations
and standards

— Biomedical criteria to support protective
breathing equipment and operational pro-
cedures certification

— Biochemical and toxicological criteria sup-
porting use or certification of aircraft inte-
rior fire, smoke, and toxicity limits.

e Human Factors program addresses opera-
nal requirements through research in five tech-
Ral thrust areas that were agreed to by the FAA,
The National Aeronautics and Space Administra-

Automation has been cited as a contributing fation (NASA), and the Department of Defense
tor in aircraft accidents (e.g., Cali: AA965). Hu{DOD) in the National Plan for Civil Aviation
man factors research is examining flight deck alduman Factors:

tomation design, operation, and use and has CI%ﬂman-Centered AutomationThis research fo-

sified the issues to be addressed.

cuses on the role of the operator and the cognitive

Air carrier training initiatives such as theand behavioral effects of using automation to as-
Model Advanced Qualification program (airsist humans in accomplishing assigned tasks. Re-
carrier pilot training program that integratesearch addresses the identification and application
both technical and crew resource managef knowledge concerning the relative strengths
ment performance requirements) will allowand limitations of humans in an automated envi-
air carriers to develop and use proficiencyronment. It investigates the implications of com-

based training.
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and certifying controls, displays, and advanced
systems.

Selection and Training This research strives to:

Understand the relationship between human
abilities and aviation task performance

Enhance the measures and methods of pre-
dicting current and future job/task perfor-
mance .

Establish a scientific basis for the design of
training programs, devices, and aids for indi-
viduals and teams

Define criteria for assessing future training
requirements °

Identify new ways to select aviation system
personnel

Human protection and survival—Investigates
protecting humans in decelerative environ-
ments, protective breathing equipment, cabin
evacuation, and water survival

Medical and toxicological factors of accident
investigation—Investigates Medical and toxi-
cological factors of accidents, including sud-
den or subtle pilot incapacitation

Federal Air Surgeon program support—Cur-
rent clinical investigation, including new vi-
sion-correction methods for aviation person-
nel, aircraft cabin environmental hazards, and
air ambulance medical requirements

A program to survey the nature of in-flight
medical emergencies, particularly the effec-
tiveness of defibrillators carried on airliners,
also supports the Federal Air Surgeon

Human Performance AssessmenResearch in Customer/Stakeholder Involvement

this area identifies the intrinsic cognitive and d
cisionmaking factors for individuals and team
that determine how well they are able to perforr‘Eu
aviation tasks; characterizes the impact of envk

ronmental and individual factors on human per
formance; and improves and standardizes meth- Safety: By 2007, reduce U.S. aviation fatal
ods for measuring human performance.

Information Management and DisplayResearch
in this area addresses the presentation and transfer— Build on currently successful efforts to
of information among components in the NAS. It
seeks to:

Identify the most efficient and reliable ways
to display and exchange information

Determine what, when, and how one might
best display and transfer information to sys-
tem components

Design a system to reduce the frequency of
information transfer errors and misinterpreta-
tions

Minimize the impact when such errors do oc-
cur

Bioaeronautics Research involves the bioengi-
neering, biomedicine, and biochemistry associ-
ated with performance and safety. The objective is — Goal 2: Ensure human factors issues are ad-
to enhance personal performance and safety by
maximizing crew and passenger health and physi-
ological integrity. The program consists of three
research initiatives:

The Human Factors program directly supports a
mber of aviation community initiatives and
ongressional mandates:

1998 FAA Strategic Plan Mission Goal for

accident rates by 80 percent from 1996 levels.
FAA will work with aerospace community to:

identify root causes of past accidents

— Use a more proactive analytical approach,
with new data sources, to identify key risk
factors and intervene to prevent potential
causes of future accidents

— In partnership with NASA, DOD, and other
public and private organizations, study is-
sues and technologies to improve policies,
procedures, and equipment.

Office of the Associate Administrator for Re-

search and Acquisitions (ARA) Performance

Plan:

— Goal 1: Contribute to the FAA goal to re-
duce the fatal aviation accident rate by 80
percent by 2007 as compared to 1994-1996
baseline data

dressed in the acquisition and integration of
100 percent of FAA aviation systems and
applications by 2005, including Free Flight
Phase 1.
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The National Plan for Civil Aviation Human
Factors published in March 1995, with FAA,
NASA, and DOD as signatories. This docus
ment, which had extensive aviation commu-
nity participation in its development, outlines
a coherent national agenda for human factors
and bioaeronautical research and application
leading to significant improvements in NAS
safety and efficiency.

The Aviation Safety Plan, through research
supporting priority issues associated with
crew training, safety data collection and use,
application of emerging technologies, and air-
craft maintenance procedures and inspection.
The Aviation Medicine program significantly
contributes to the application of emerging
technologies, as highlighted in the Plan.

Implementation of the FAA reporthe Inter-
faces Between Flight Crews and Modern
Flight Deck Systems.

Public Law 100-591 establishes require-
ments for human factors research and its ap-
plication. The FY 1998 Department of Trans-
portation Appropriations Act cites human fac-
tors as the greatest cause of aviation acci-
dents. The Aviation Safety Research Act of
1988 requires that human factors research be
conducted to “enhance air traffic controller
performance.” These two Acts support con-
tinuing work in human factors analysis of the®
hazards associated with new technologies,
identify innovative and effective corrective
measures for human errors, and develop dy-
namic simulation models of the air traffic,
control (ATC) system.

The Radio Technical Commission for Aero-,
nautics (RTCA) “Free Flight Action Plan”
specifically addresses recommendations to:
establish more flexible decision support sys-
tems involving collaborative decisionmaking;
conduct human-in-the-loop simulations for
assessing controller and pilot perceptions of
hazards, risks, and discomfort; measure per-
formance, workload, and situation awareness
associated with controller and pilot responses
to time and distance; conduct real-time hu-
man-in-the-loop simulations to systematically
study controller and pilot behaviors, interace
tions, and effects within NAS environments
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that represent dynamic densities and sector
configurations anticipated for free flight.

The Aviation Medicine program is an integral
participant and research provider under the
FAA, Joint Aviation Authorities, and the
Transport Canada Aviation Aircraft Cabin
Safety Research Plan (established in 1995).
The plan sets forth long-term research goals
and ensures coordination between interna-
tional aviation agencies. Programs within
Aviation Medicine that study aircraft cabin
environmental quality and the nature and ex-
tent of in-flight medical emergencies are a di-
rect result of specific Congressional mandates
to study these topics.

Accomplishments

Developed and field-tested with several air-
lines a prototype Automated Performance
Measurement System (APMS) that allows for
gathering and analysis of data from aircraft
flight data recorders. This information and
analysis capability is used by the Flight Oper-
ations Quality Assurance program, a joint
FAA and airline venture, to enhance aviation
safety.

Validated use of simulator parameters and
flight data for evaluating Advanced Qualifi-
cation program (AQP) effectiveness

Developed a model AQP for use by training
centers to support air carrier participation in
AQP, a proficiency-based approach to pilot
training

Provided crew resource management proce-
dure guidelines for regional airlines

Validated human performance transfer func-
tions for level B full flight simulator

Provided recommendations for improved use
of automated flight management systems

Produced and presented the FAA Human Fac-
tors Course to increase understanding of the
importance of considering the “human factor”
in design/acquisition of FAA systems

Produced and distributed handbook for ad-
vanced Crew Resource Management training

Completed a study of the effectiveness of de-
livering technical information to line aircraft
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technicians using wireless, portable, pen~ Developed fit and comfort standards for avi-
based computers that display technical publi- ation oxygen mask systems

cations : A
» Assessed operational hazards of in-flight laser

Initiated a process to integrate shift-change exposure

error identification and mitigation processes

into the aircraft maintenance error-detectiofResearch and Development (R&D)
and reporting system Partnerships

Developed pilot performance data througfihe Human Factors program is linked to NASA
flight simulation for use in establishing certi-and DOD under the auspices of tdational Plan
fication standards for general aviation autofor Civil Aviation Human Factors: An Initiative
navigation and control systems for Research and ApplicatiorSpecific areas of
Gcoordinated program execution with NASA in-

Directed a large-scale effort to identify an clude cockpit automation, fatigue, crew resource
resolve a large number of human factors is- P ; tatigue,

sues inherent in the STARS displa management, team decisionmaking, air-ground
play communication, and the Automated Performance

Sponsored the National Research Councilgleasurement System. DOD joint efforts involve
two-phase assessment of human factors iss’gasigue, team performance, and decisionmaking
in the air traffic control system and the NASresearch. Additionally, the Human Factors Office
and an examination of future automation ismaintains a membership in the DOD Human Fac-
sues. Distributed two publicationBlight to  tors Engineering Technical Advisory Group that
the Future—Human Factors in Air Traffic provides a forum for the coordination of research
Control, andThe Future of Air Traffic Control across a variety of technical areas.

Conducted a human/system performance agne Human Factors Office participates with the
sessment of the Departure Sequencing Engiretherlands National Research Laboratory in
neering Development Model flight deck automation research, and with the Of-
Completed a human factors audit of the Corfice of Aviation Medicine. The Office maintains
verging Runway Display Aid (CRDA) in- an active membership on all Society of Automo-
stalled at St. Louis Airport. CRDA is a deci-tive Engineering G-10 Human Factors subcom-
sion support tool that helps terminal radamittees related to ongoing and future research ar-
controllers efficiently space aircraft arrivingéas to ensure transition of the results to standards
on separate, converging runways and guidelines. Members from the National
Completed measurement of task-load anTransportatlon S_afe'gy Board work Wlt_h the I_—Iu-
document work processes of personnel an Factors _Offlce in the areas o_f fatigue, flight
: Heck automation, and error mitigation.

maintenance control centers
gThe Human Factors Office places grants with uni-

versities supporting research on air carrier train-
o ing, flight deck automation, human performance
Evaluated autopsy data from fatal aviation agntegrity, and aviation maintenance technician
cidents to recommend protective equipmeRtaining. Coordinated Free Flight research efforts

Developed guidelines to reduce in-flight su
den/subtle incapacitation

and design practices are conducted with NASA's Ames Research Cen-
Assessed flight attendant reproductive healitgr- An Interagency Agreement with the U.S.
hazards Navy Air Warfare Center focuses on developing

training and performance measurement strategies
. ) °StR) enhance teamwork in both flight deck crews
for ShOW'r!g regulatory comp_llance Wlthand air traffic control teams. Receiving special at-
crashworthiness standards for aircraft tention are training enhancements that develop
Completed definitive evacuation escape slidaviation teamwork skills and the utility of ad-
angle and strength studies to minimize escap@nced technologies for delivering team training.
injuries and escape failures Additionally, elements of the controller perfor-
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mance research project are conducted in concpdrtnerships and close cooperation within FAA
with the U.S. Air Force’s Armstrong Laboratory.organizations and the aviation community.

Finally, collaborative research in shift work and@esearch strategies will focus on technology,

artnerships, and measurements. Methods will be
developed to identify interventions to address hu-
The Office of Aviation Medicine collaboratesMan performance issues in flight maintenance and
with NIOSH on a study addressing the cabin envitl" raffic operations. Also, methods will be de-
ronment and flight attendant and passenger symy§zlOped to reduce operational hazards. Regarding
tomatology and diseases. In addition, the officBartnership strategies, a S-year, integrated safety
coordinates with the American Society of Heat®Search plan will be developed with NASA, ad-
ing, Refrigeration, and Air Conditioning Engi-dressing long-range, high-payoff priorities. Mea-
neers Committee on addressing aircraft cabin afrement strategies will be developed to accu-
quality status and research. rately monitor trends and identify opportunities
for risk mitigation research.

fatigue is conducted with the U.S. Coast Guar
Reserve and Development Center.

The Office of Aviation Medicine maintains direct

. . There is strong public and Congressional interest
cooperative research processes with the manuf

t oof g . A 'maintaining a healthy and comfortable environ-
turers of safety products (seats, restraint systemge i tor each civil aviation category. A 5-year in-
oxygen masks, evacuation slides, etc.). The sragency agreement between FAA and NIOSH

fice is also represented on appropriate SUbgro_uBEgan in FY 1997, addressing infectious disease
of organizations suoh as the Aero_space I\{Iedicg d other health considerations in the aircraft
Association, the Society of Automotive Engineerls’abin environment.

(SAE), the Civil Aviation Medical Association,

and the Professional Aeromedical Transport A&AA goals related to minimizing injury, associ-
sociation. It maintains appropriate liaison with th@ted pain, necessary rehabilitation, and death as a
military, either through direct project collabora-consequence of aviation accidents make the work
tion (e.g., crashworthiness, eye injury from laser$)f the Aviation Medicine program a critical com-

or through participation in the Tri-Services Aerofonent of coordinated steps that will increase sur-
medical Research Panel and the North Atlantigvability, which is one of the accepted corporate
Treaty Organization (NATO) aerospace medicditrategies for decreasing fatal accidents. The Avi-

advisory group. ation Medicine program will emphasize reducing
the severity of injuries encountered in aviation ac-
Long-Range View cidents and in such precautionary events as evac-

) ) L . uation of passengers from an aircraft after the
The FAA is responsible for initiating and main-jignt crew recognizes a safety concern. This ap-
taining research and development programs thgl,ach will cut rehabilitation time, decrease med-

support modernization, regulation, certifioationica| costs, and improve the quality of life for peo-
and NAS issues. The FAA is also responsible f(HIe who suffer injuries.

initiating proactive research for identifying _ _
emerging safety trends. The Human Factors if2 concert with the targets expressed in Challenge
vestment strategy will directly support these re2000 and with FAA's broad commitments to har-

search efforts to identify and reduce targetegionize safety regulations on a global scale, the
safety issues. Aviation Medicine program—collaborating with

domestic and international laboratories—will
Baseline data will be established to show diregfenerate research data for use in developing inter-
causal relationships between research outputs amationally harmonized aviation standards and reg-
accidents and incidents. Research programs willations. Aeromedical Research will be increas-
focus on targets that will have the greatest impairtgly required to interpret data derived from
on aviation safety. The programs will be multiaround the world, and to determine if the data
year efforts and will require stabilized resourceshould be accepted or re-collected before being
to plan, execute, and complete. Successful impletegrated into regulatory considerations and out-
mentation of research outputs will require fulputs.
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A08a Flight-Deck/Maintenance/System Integration Human Factors

GOALS:

Intended Outcomes: The FAA intends to im-
prove air transportation safety by:

Developing more effective methods for air-

crew, inspector, and maintenance technician
training *
Developing more human-centered flight con-
trols and displays

Increasing human factors considerations in
certification of new aircraft and equipment
design and modification

Improving aircrew, inspector, and mainte-
nance technician task performance

munity participation in its development, out-

lines a coherent national agenda for human
factors research and application leading to
significant improvements in NAS safety and

efficiency.

The Aviation Safety Planthrough research
supporting priority issues associated with
four of the six workshops: crew training,
safety data collection and use, application of
emerging technologies, and aircraft mainte-
nance procedures and inspection.

Implementation of the FAA reporthe Inter-
faces Between Flight Crews and Modern
Flight Deck Systems.

Agency Outputs: The FAA seeks to ensure theThe Human Factors program is also responsive to
safety and efficiency of operator performanc®ublic Law 100-591, which establishes require-
through guidelines, handbooks, advisory circuments for human factors research and its applica-
lars, rules, and regulations. It provides industrgion.

with human performance information and gmdAccom lishments: The proaram outout of data
ance critical to designing, operating, regulatin P i prog P

and certifying equipment, training, and procegpackages, models, and regulatory documents in-

dures. The Human Factors program conducts aﬁlcﬁjde:

manages the research that provides the technieal Developed, and currently field-testing with
information necessary to generate these products several airlines, a prototype APMS that al-
and services.

Customer/Stakeholder Involvement: The Hu-
man Factors program directly supports a number
of aviation community initiatives:

1998 FAA Strategic Plan Mission Goal for

SafetyBy 2007, reduce U.S. aviation fatal ac-
cident rates by 80 percent from 1996 levels:
ARA FY 1999 Performance Plan:

— Goal 1 Contribute to the FAA goal to reduce
the fatal aviation accident by 80 percent by
2007 as compared to 1994-1995 baseline
data

— Goal 2 Ensure human factors issues are ad-
dressed in the acquisition and integration of
100% of FAA aviation systems and appli-
cations by 2005, including Free Flight
Phase 1 .

The National Plan for Civil Aviation Human

Factors: An Initiative for Research and Ap-

plication was published in March 1995, with

FAA, NASA, and DOD as signatories. Thise

document, which had extensive aviation com-

lows gathering and analysis of data from air-
craft flight data recorders. This information
and analysis capability provides the backbone
for the Flight Operations Quality Assurance
program, a joint FAA and airlines venture to
enhance aviation safety.

Developed an advisory circular and handbook
on crew resource management for aircrew
members

Developed a model AQP to support regional
air carrier participation. AQP is a proficiency
based approach to pilot training that is con-
sidered to be highly effective and efficient for
aircrew training

Published theAviation Maintenance Human
Factors Guide

Provided educational outreach to the aviation
community through the NASA/FAA fatigue
countermeasures training module

Developed pilot performance data, through
flight simulation, for use in establishing certi-
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fication standards for general aviation auto-
navigation and control systems

Developed an aircraft certification humare
factors and operations checklist for stand-
alone Global Positioning System receivers

R&D Partnerships: The program is linked to .
NASA and DOD under the auspices of tNa-
tional Plan for Civil Aviation Human Factors: An *
Initiative for Research and Applicatio®pecific
areas of coordinated program execution with
NASA include cockpit automation, fatigue, crew
resource management, team decisionmaking, air-
ground communication, and automated perfor-
mance measurement system. DOD joint efforts
involve fatigue, team performance, and decisiordyman-centered automation

making. Additionally, the FAA IS represented O Completed limited functionality certification
the DOD Human Factors Engineering Technical
Advisory Group, a forum for coordinating re-
search across a variety of technical areas. The Completed assessment of current air carrier
FAA participates with the Netherlands National
Research Laboratory in flight-deck automation as
well as on all of the Society of Automotive Engi-.
neers G-10 human factors subcommittees related Sessing advanced general aviation transporta_
to our research areas to ensure transition of the re- tjion experiments (AGATE) cockpit controls/
sults to standards, guidelines, etc. Members from gjisplays

the National Transportation Safety Board have
worked with the program in the areas of fatigu€,
flight deck automation, and error mitigation. The
FAA also has extended grants to 10 universiti§gsormation management and display
supporting research on air carrier training, flight
deck automation, and aviation maintenance tech-
nician and inspector training.

MAJOR ACTIVITIES AND ANTICIPATED

formance database that links tasks to perfor-
mance indicators

Provided air carrier training data analysis and
tools tailored to scenario-based evaluation

Human performance assessment

Completed advanced APMS prototype

Completed user needs studies at air carriers
participating in APMS development

Developed and implemented phase | APMS
at partner air carriers

Developed mapping of flight data parameters
onto AQP qualification standards

job aid
and manufacturer automation training pro-

grams
Completed human factors guidelines for as-

Initiated/coordinated comprehensive research
program addressing cockpit automation

Completed software tools for enhanced main-
tenance documentation

KEY FY 2000 PRODUCTS AND MILE-

FY 1999 ACCOMPLISHMENTS:

Selection and training

STONES:

Selection and training

Provided *“proceduralized” crew resource
management guidelines for regional airlines

Validated human performance transfer funce
tions for level B full flight simulator

Researched and developed input for mainte-
nance resource management handbook

Completed guidelines for maintenance tech-
nician situation awareness training

Developed the AQP database, incorporating
user comments on the task analysis and task
listing components, and incorporated a per-
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Provide industry and FAA guidance address-
ing training crewmember use of advanced au-
tomated systems

Provide methods to integrate quantitative in-
dices of operational performance data with
pilot training data to evaluate the effective-
ness of flight training programs, specifically
AQP

Provide methods of using scenario-based
evaluation and analysis techniques to identify
troublesome trends before accidents occur,
and provide appropriate training technologies
to remedy identified weaknesses
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Human performance assessment Information management and display

* Define general aviation pilot decisionmaking.  Develop guidelines for the use of simplified
skills required for training module develop-  English in aircraft maintenance technician in-

ment structions and documentation
» Complete research and develop maintenange Develop and implement guidelines for main-
resource management handbook tenance error investigating and reporting sys-

e Provide expanded APMS methodologies and tems
analysis capabilities so that air carriers cap
collect and analyze increasing amounts of
flight and simulator data

Develop flight data recording and analysis ca-
pability for flight simulators

Human-centered automation FY 2000 PROGRAM REQUEST.

- Complete fully functional certification job aid Th€ Program will continue to focus on providing
technical information and consultation to improve

* Provide industry and FAA guidance addresssjrcrew, inspector, maintenance technician, and
ing training for automated cockpits; thesgyiation system performance. It will emphasize
guidelines will encompass the performancgeyeloping guidelines, tools, and training to en-
difficulties associated with increased coupance error-capturing and mitigation capabilities
pling, complexity, and autonomy of moderny, the flight deck and maintenance environments,

cockpit technology as well as developing human factors tools to en-
« Provide human factors evaluation for AGATESuUre that human performance considerations are
flight systems configurations adequately addressed in the design and certifica-

» Develop certification guidelines for inte-tIon of flight decks and equipment

grated technology in general aviation cockpits
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A08a - Flight Deck/Maintenance/System Integration
Human Factors
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

081-110 Flightdeck/Maintenance/System Integration Human
Factors
Selection and Training
Develop Maintenance Resource Management Handbook
Develop AQP Database Incorporating User Comments
Provide Air Carrier Training Data Analysis and Tools Tailored to
Scenario-Based Evaluation

Provide Industry and FAA Guidance Addressing Training
Crewmember Use of Advanced Automated Systems

Develop the Advanced AQP Database with User Comments
Implement Advanced GA Training Techniques

Completed Guidelines for Maintenance Technician Situation
Awareness Training

Human Performance Assessment
Complete Advanced Prototype APMS
Develop and Implement Phase | APMS at Partner Air Carriers
Develop APMS data filtering, Automated Flight Analysis Modules
Define GA Decision Making Skills Required for Training Module
Development

Complete Research on Identification and Classification of
Aviation Maintenance Error Reporting Systems

Human Centered Automation

Initiate/Coordinate Comprehensive Research Program Addressing|
Cockpit Automation

Provide Preliminary Recommendations for Improved Training for
Automated Flight Management Systems

Develop a Tool Kit of Job Performance Aids to Help Certification
Personnel and Designers Assess Automated Flight Decks

Provide Industry and FAA Guidance Addressing Training for
Automated Cockpits

Provide Industry and FAA Guidance to Effectively Address
Cultural Influence on Crewmember Use of Automated Systems

Develop Usability Evaluation Tool for Electronic Flight Bag
Develop Certification Guidelines for Head-up Displays

Validate Pilot/Controller Integration Performance Requirements
for Free Flight

Provide Human Factors Evaluation for AGATE Flight Systems

Information Management and Display
Complete Software for Enhanced Maintenance Documentation

Develop and Implement Guidelines for Maintenance Error
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Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

7,857
2,760
565

8,430
2,048
420

10,365
1,814
371

8,497
1,940
563

7,289
2,367
486

11,182

10,898

12,550

11,000

10,142
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A08b Air Traffic Control/Airway Facilities Human Factors

GOALS: .
Intended Outcomes: The FAA intends to:

Contribute to future concepts of NAS opera:
tion by building an integrated infrastructure
that enhances human/system efficiency

Human factors recommendations for design-
ing operational facilities and control rooms

Customer/Stakeholder Involvement: The Air
Traffic Services (ATS) Human Factors Research
program is directly mapped to and supports:

Increase understanding of the human factofSONOPS 2005

of emerging technologies, changing human
roles and responsibilities, and evolving proce-
dures to help optimize human performance

Promote integration of human factors prod-
ucts into advanced operational concepts and
the NAS architecture

Develop enhanced measures of human perfor-
mance and increase understanding of factors
that can lead to performance decrement

Agency Outputs: The products of this program
will include: reference data and criteria; methods,
tools, and measures; facility and equipment de-
sign recommendations and specifications; opera-
tional task load and performance baselines; expert
human factors guidance; test and evaluation
checklists, procedures, and determinations; and
evaluative findings focused on human factors in
present and future operational environments.
These products—shared with the international
aviation community—will provide essential assis-
tance to FAAs Air Traffic Services for imple-
menting and enhancing advanced operationBlational Airspace System Architecture Version

concepts, including the systems, subsystems, and

procedures integral to these concepts. .

Human factors research and development prod-
ucts will include:

Models of performance and efficiency based
on system variables.

Development of workload performance mea-
sures and models for existing systems and
new technologies

In 2005, the NAS will take a human-centered
approach to maximize efficient delivery of air
traffic services to users. Thus, system pro-
cesses and workstations are designed to expe-
dite information exchange among NAS infor-
mation systems, service providers, and users.
Human factors analyses and human-in-the-
loop simulations have determined the appro-
priate allocation of tasks between service pro-
viders, users, and automation systems. More-
over, issues such as situation awareness,
workload, and computer-human-interface
(CHI) design have been resolved by incorpo-
rating human factors. This approach ensures
that the human capabilities and limitations of
users and service providers remain a primary
consideration in systems development. NAS
evolution uses a clear transition strategy for
each operational capability and employs a
human-centered approach for implementing
new operational concepts and supporting
technologies.

The NAS architecture specifies a broad range
of research activities regarding the implica-
tions of human factors. These activities will
acquire and then apply the information neces-
sary to understanding human capabilities and
limitations in each functional area. Human
factors engineering will then be applied to
identify and resolve risks and to assess costs,
benefits, and tradeoffs.

Human/system productivity enhancemenfir Traffic Management (ATM) Research, Engi-

technology

neering, and Development Advisory Committee

(REDAC) Recommendations

Advanced methods and technology for train;
ing operational personnel

Tests and criteria for selecting operational
personnel

The FY 2000 ATS Human Factors R&D pro-
gram is a direct result of collaboration with
representatives of Air Traffic Services and
other FAA stakeholders in the ATM Research
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and Development Agenda Team (ARDAT) tdoy 2007 as compared to 1994-1996 baseline
specifically address the recommendations afata.”

the Congressionally mandated REDAC. Th%5 2.1 F & h ¢ .
NAS ATM R&D Committee has reported that oal 2. Human Factors=nsure human factors is-
sues are addressed in the acquisition and integra-

“The culture within the FAA has not sup-> iy :
ted th | t of a ri technfion of 100 percent of new and modified FAA avi-
ported the development of a rigorous techn tion systems by 2005, including Free Flight

cal community focused on NAS related are h 1
such as large-scale systems engineering; op- ase 1.

erations research; communication, navigarhe FAA Strategic Plan states that “human fac-

tion and surveillance (CNS); or operationajors is one of the most important areas for improv-
human factors.” Human factors considering safety.”

ations need to be incorporated as a key part of

the preliminary concept of operation and sys- The National Plan for Civil Aviation Human
tem design efforts. Factors: An Initiative for Research and

Application. This document, published in

Recommendationincrease emphasis on under-  March 1995, with FAA, NASA, and DOD as
standing the implications of various Free Flight signatories, had extensive aviation commu-
architectural alternatives on pilot and controller nity participation in its development, and out-
performance, and incorporate this understanding |ines a coherent national agenda for human
early in the NAS architecture evolution process.  factors research and application leading to

Some of the human performance issubat ap- significant improvements in NAS safety and
pear to be important to “Free Flight” include: efficiency.
« Balance of air-ground responsibility. Accomplishments: The program has performed

. or sponsored the following research and resulting
Use of structure by controllers to organizeyroducts:

traffic.
Developed an enhanced visual scanning

Ability of controllers to deal with flexible air- methodology for application in display design

space (e.g., dynamic resectorization).
Conducted a study of the impact of shared

L]
Monitoring and out-of-loop issues for pilots :
9 P P separation on controller performance

and controllers.

Trust in automation * Completed an auditory alarm database

* Conducted a comprehensive assessment of
the STARS operational radar display, and
Collaborative decisionmaking behavior maintenance control workstations; identified
a significant number of human factors issues
deemed to have a negative impact on human/
system performance; convened and facilitated
Shared situational awareness a multidisciplinary work group consisting of
representatives from Human Factors, ATS,
the Standard Terminal Automation Replace-
Communication requirements ment System (STARS) program office, Na-
tional Air Traffic Controllers Association

Conflict resolution strategies

Gaming behavior of pilots, airlines, and con-
trollers

Intervention strategies

ARA Performance Godls (NATCA), LMR, MITRE Corporation, and
Goal 1. SafetyContribute to the FAA goal to re- other stakeholders to resolve these problems;
duce the fatal aviation accident rate by 80 percent a notable product of the work group was a de-

Source: Subcommittee Report of the NAS ATM R&D to R,E&D Advisory Committee, March 25, 1997.
Source: Performance Agreement Between The Secretary of Transportation and The Federal Aviation Administration, Fiscal
Year 1998; 1998 FAA Strategic Plan.
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factors issues inherent in other NAS systems.

Developed performance baselines for
STARS, the display system replacement
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Management used results as the basis for ex-
tensive redesign

For the Airway Facilities Operations Manage-
ment Team, measured task load and docu-

mented work processes of personnel at
present maintenance control centers

(DSR), and PVD for use in measuring the im-
pact of future system enhancements

Developed a new selection instrument foR&D Partnerships
Airway Facilities technicians NASA, DOD, and FAA are cooperative partners
Collaborated with ATS to develop a new seln developing and implementing thiational
lection instrument for air traffic controllers Plan for Aviation Human Factors: An Initiative
(ATSAT) for Research and Applicatioffhis document lays

) _out a coherent national agenda for human factors
Sponsored the National Research Counciligsearch and provides the conceptual framework
assessment of human factors issues in the @if the Air Traffic Services (ATS) human factors
traffic control system. Under this grant, theyrogram. Coordinated research efforts are con-
NRC has conducted informative briefings foly,cted with NASA's Ames Research Center in the
FAA and Congress and published two book$yreas of Free Flight and shift work induced fa-
Flight to the Future—Human Factors in Airtigue and associated countermeasures. Addition-
Traffic ControlandThe Future of Air Traffic gjy, elements of the controller performance re-
Control. These volumes, authored by aviationearch project are conducted in concert with the
human factors experts, contain a wealth of iny s Air Force’s Armstrong Laboratory. Interna-
formation, conclusions, and recommendaggnally, research results on development and val-
tions on the present and future ATC system. jqation of controller applicant selection methods

Published an extensive book of informatiorfre shared between project leaders in this program
and advice on human factors issues in the dand their functional equivalents in Sweden and

sign and evaluation of ATC systems and sud2enmark.

systems (750 pages). To date, the book and (g jor ACTIVITIES AND ANTICIPATED
associated electronic checklist have bee,gY 1999 ACCOMPLISHMENTS:

widely distributed within the FAA to ATS and
Integrated Product Team (IPT) customers for
internal use.

Validated the current air traffic controller pre—'
training screen-selection instrument to ensure
that it was both effective and free of any race,
gender, or cultural bias .

Completed development of en route System-
atic Air Traffic Operations Research Initiative

(SATORI), a research tool that uses routinely
recorded ATC computer and voice data to re-
create and display air traffic control operas
tional incidents in the same way that they ap-
peared on the controller’s radar screen. SA-
TORI has been transitioned to ATS which
procured it for installation in all air route traf-

fic control centers to study operational errorse

Provide initial results of fatigue countermea-
sures study

Validate strategies for human error preven-
tion/mitigation in Airway Facilities (AF)
maintenance control

Develop strategies for human error preven-

tion/mitigation in AF Maintenance Control
Centers

Provide guidelines for color-coding informa-
tion on ATC displays

Complete study of ATC complexity factors
and provide guidance for their display

Revise and update human factors handbook
and electronic checkilist

Revise and update human factors design

Conducted detailed human factors assessment guide

of the Air Traffic Control System Commande
Center operational environment. Air Traffic

Conduct assessment of DSR implementation
training
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KEY FY 2000 PRODUCTS AND MILE-

Complete baseline of taskload and perfor-
mance and selected air route traffic control
centers (ARTCC)

STONES:

Research to be conducted will affect a variety of
ATS programs. These efforts are grouped into the
following broad categories: .

ATC Information Display and Interface Design

A baseline of human performance levels as-
sociated with current information technolo-"
gies/displays and input methodologies

Guidelines for information display and inter-
face design

Guidelines to support common interface

design across the NAS

Decision Support System (DSS) and Collabora- *
tive Decisionmaking

Baselines of human performance levels assg-
ciated with current decision processes pro-
posed for support by DSS’s

Human-centered design guidelines for DSS
capabilities

Guidelines relative to DSS accuracy, sensitiv-
ity, and false alarm rates

Guidelines to support collaborative decision-
making across NAS users ¢

Airspace Design and Procedures Human Factors

A baseline of human performance levels as-
sociated with current sector operations (e.g.,
System Command Center, traffic manage-
ment units (TMU), ATC)

tra-facility, area, sector, and position human
factors requirements under current airspace
concepts)

NAS Maintainability

Human performance metrics to support evalu-
ation of NAS maintainability

Guidelines for the design of operational facil-
ities that support the role of the human in
maintenance operations

Evaluation of the potential impact of incorpo-
rating new technologies into the NAS mainte-
nance work environment

General Human Factors Research

Human performance metrics for NAS system
operators

Selection methodologies, guidelines, and cri-
teria for NAS personnel

Training methodologies and guidelines for
NAS personnel

Guidelines for training interventions directed
at team performance of NAS personnel

Human performance guidelines for imple-
menting alternative work schedules (e.g., ro-
tating shift work)

Human performance guidelines to mitigate/
counteract fatigue

Guidelines, strategies, and specific recom-
mendations to facilitate workforce transition
to new concepts of operation

FY 2000 PROGRAM REQUEST:

Human factors guidelines for airspace desigfne FY 2000 research program reflects a height-

and airspace display integration

Human factors guidelines for procedures a
sociated with alternative airspace design cord
cepts (e.g., communications, coordination
etc.)

ened emphasis on working with ATS to meet the
pressing challenge of successfully fielding new
echnologies and procedures over the next several
ears. Research projects focus on providing
timely information to answer critical human fac-

tors questions associated with these new systems
Documentation of human factors requireand procedures (such as Free Flight) and thus help
ments associated with system integration db optimize human performance in the evolving
new airspace design concepts (e.g., inter/imnd increasingly complex NAS.
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A08b - Air Traffic Control/Airway Facilities Program Schedule
Human Factors
Product and Activities FY 1999| FY 2000| FY 2001 FY 2002 FY 2003 [FY2004
082-110 Air Traffic Control/Airway Facilities Human Factors
Information Display & Interface Design
Guidelines for Information Display & Interface Design < O O O O O
Guidelines for Common Information Display & Interface Design <o <o <o O
across the NAS
STARS EDC, ISC & Tower Display Usability Assessments L3
Visual Scanning Assessments of Display Design ¢ O O O O O
Measures of ATC's Situation Awareness (SA). Guidelines to s o o o o
Enhance SA
Decision Support & CDM
Human-centered Guidelines for DSS Capabilities L J [ [ [ O O
Guidelines to Support Collaborative Decision-making L o o <o <o o
Guidelines Relative to DSS Accuracy, Sensitivity and False Alarm L J [ O O O
Rates
Operational Impact of Shared Separation Responsibility, < O O O O O
Collaborative Decision-making
Airspace Design & Procedures
Human Factors Guidelines for Airspace Design and Procedures * <o <o <o <o <o
Roles & Responsibilities of ATCS in FF L) O O O O O
Define Human Factors Issues for Transition from Unconstrained 3 ko3 ko3 ko3 ko3
to Constrained Airspace in Free Flight
NAS Support
Human Performance Metrics to Support Evaluation of NAS O O O O o
Maintainability
Guidelines for the Design of Operational Maintenance Facilities 2 <o <
Human Error Prevention/Mitigation in AF MCC's L 2 O O O
Evaluation of Impact of New Technologies on AF Environment * O O O O O
General Human Factors
Human Performance Metrics for NAS System Operators L 2 O O
Selection Methodologies for Next-Generation Air Traffic L 2 O O O O
Controllers & NAS Technicians
New Training Methodologies ® O O O O o
Guidelines for Enhancing Team Performance ® O O O O
Human Performance Guidelines to Mitigate/Counteract Fatigue ¢ O O O
Baselines of Human/System Performance & o) o) o) o) o
Recommendations for Workforce Transition to New CONOPS ¢ O O
Budget Authority FY 1996 | FY 1997 | FY 1998 | FY 1999 | FY 2000
($ in Thousands) Enacted | Enacted | Enacted | Enacted | Request
Contracts 4,836 4,356 5,454 5711 4,897
Personnel Costs 4,286 3,528 3,773 3,117 5,034
Other Costs 878 722 773 1,172 1,305
Total | 10,000 8,606 10,000 10,000 11,236
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A08c Aeromedical Research

GOALS: .
The FAA safety mission dictates that:

Existing injury and death patterns in civilian
flight misadventures be meticulously re-’
viewed

Recommendations for protective equipment
and procedures be developed

Options be evaluated on behalf of FAA regu-
latory and medical certification staff charged
with proposing safety regulations addressing
all aircraft cabin occupants *

A concurrent mission is to identify pilot, flight at-
tendant, and passenger medical conditions that
are incompatible with in-flight clinical and physi-*
ological demands on the occupant, both in the ab-
sence and presence of flight emergency condi-
tions.

Intended Outcomes:The Aeromedical Research
program addresses improved health, safety, and
survivability of aircraft passengers and aircrews.
It identifies human failure modes (physiological,
psychological, clinical) both in uneventful flight
and during civil aircraft incidents and accidentsCustomer/Stakeholder Involvement:The Aero-
Formal recommendations for counteracting meanedical Research program contributes to meeting

sures are derived from in-house research.

The FAA is able to develop bioaeronautica%
guidelines, standards, and models for aircra
cabin equipment, procedures, and environments
as a base for regulatory action to enhance applS
priate human performance. Pilot medical an
flight histories and information from accidents.
and incidents are reviewed to develop new meu‘j‘a
cal criteria, standards, and assessment/certific

Quantitative biomedical criteria to support
protective breathing equipment and opera-
tional procedures certification

Quantitative biochemical and toxicological
criteria supporting the use or certification of
aircraft interior fire, smoke, and toxicity lim-
its

Quantitative biomedical criteria to support
flotation and onboard rescue equipment certi-
fication

Identification of medical/toxicological factors
and human factors in aviation incidents and
accidents

Recommendations for aircrew medical crite-
ria, standards, and assessment/certification
procedures

Quantitative data about the occupational
health status of flight attendants to support
regulatory oversight

Quantitative data about passenger behavior
and health to support regulatory oversight

the 1998 FAA Strategic Plan Mission Goal for
afety and ARA FY 1999 Performance Plan
oals for Safety and Human Factors. The pro-
ram provides the primary bioaeronautical re-
earch (note: defined as the bioengineering, bio-
Epedicine, and biochemistry issues associated
with safety and performance) called for in he-
onal Plan for Civil Aviation Human Factors of
995 (This plan committed to major deliverables
tion procedures to ensure full performance Capre_ferenced in the system safety goals of the FAA

bility. Assessments of flight attendant and passe trategic Plan of the following year.)

ger work, behavioral, and disease issues are usgge program contributes significantly to the ap-
to propose guidelines for actions to improve thglication of emerging technologies, as highlighted

health and safety of cabin occupants.

in the February 1996 FAA Aviation Safety Plan.

Agency Outputs: The program has developed theThe program is an integral participant and re-

following criteria for use in regulatory and certifi-
cation processes:

search provider under the FAA, Joint Aviation
Authorities (JAA), and Transport Canada Avia-
tion (TCA) Aircraft Cabin Safety Research Plan.

Quantitative bioengineering criteria to supThe plan was developed in 1995 as a coordinated,
port aircraft seat and restraint system certifliving plan to maximize the cost-benefit of air-

cation
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The program develops International Civil Avia-R&D Partnership: Several of these partnerships
tion Organization (ICAO) initiatives addressing(e.g., FAA/JJAA/TCA; FAA/NIOSH) have been
the health of the aircraft occupant (crew and pasross-referenced in the “Customer/Stakeholder
senger) before final FAA recommendations arkvolvement and Accomplishments” sections
provided to ICAO. This program is the only FAAabove.
research component that can legally access cor]l;i]-
dential medical data about pilots for epidemiologt— o . :
ical research studies approved by FAAs institu—he FAA ma_lntalns direct cooperative resear_ch
tional review board for use of human test suPrCCeSSes with all the r_nanufacturers resp_onS|bIe
jects. Multiyear collaborative studies performe or the safety products listed _(seats, restraint sys-
by th'e FAA and NIOSH into flight attendant an(?ems, oxygen masks,_eva}cuatlon sllde_s, etc.). FAA
. investigators also maintain memberships on every
passenger symptomatology and diseases

e . . . .
) : : dciety of Automotive Engineers committee ad-
lfoulgggg lb);/ g]gsngt‘edsgsebgcemm tLoeS:;IZfXCFQSe ir:at\r?ga fessing safety research conducted under this pro-

e gram. The agency maintains a liaison with the
1994 Appropriation Act. American Society of Heating, Refrigeration, and
Accomplishments: Based on aeromedical re-Air Conditioning Engineers committee, which ad-
search at the Civil Aeromedical Institute, the FAAlresses aircraft cabin air quality status and re-
issued an advanced notice of proposed rulemadearch. Besides active involvement in the FAA/
ing concerning usage and design of child reJAA/TCA process of oversight for safety re-
straints on aircraft. The output of this program’search, participants in this program serve on ap-
research is permitting the FAA and Nationapropriate subgroups of organizations such as the
Highway Traffic Safety Administration to revise Aerospace Medical Association, the Civil Avia-
the testing requirements in Federal Motor Vehiclion Medical Association, and the Professional
Safety Standard 213, which covers the design seromedical Transport Association. Appropriate
child restraints for use in aircraft. Quantitativdiaison with the military is maintained either
data were provided on various prototypes of aithrough direct project collaboration (e.g., crash-
craft-specific child restraints being developed asorthiness, eye injury from lasers) or through the
commercial products targeted for airlines. Spewnore global participation in the TriServices Aero-
cialized quantitative crashworthiness assesaiedical Research Panel or NATO aerospace med-
ments for aircraft continued, including side-facingcal advisory groups.

aircraft seats and the use of state-of-the-art an-
thropomorphic test dummies with enhanced ifMAJOR ACTIVITIES AND ANTICIPATED

jury assessment capabilities. FY 1999 ACCOMPLISHMENTS

Data are continuously provided to the researcmfegog?g:gge prggtr:?toriseugihh:v; d bnele;r:( i%g]g
sponsor on the role of toxicological and clinicaP xp ievedi :

factors associated with each aircraft accident amd Performed epidemiological assessment of
significant incident. Current findings indicate that  toxicology factors from fatal civilian aviation
about one in six pilots fatally injured in a civilian  accidents

aircraft accident shows evidence of prescription
drug use; one in four had taken an over-the-
counter drug, one in 25 had ingested significant
positive alcohol, and 1 in 20 had used a signife Evaluated autopsy data from fatal aviation ac-
cant amount of a controlled dangerous substance. cidents to determine protective equipment
Long-term aviation forensic and epidemiological and design practices

research has helped the FAA to identify human
factor roles in accident/incident causation. Spe- .
cialized clinical evaluations were applied to cases R?ézalsrﬂsstégo)ngressmnally requested  FAA-
associated with aircraft decompression. Probable y

seizures and other factors indicative of the pilot's Developed improved fit and comfort stan-
inability to perform were evaluated. dards for oxygen mask systems

addition, in each program area output category,

Developed guidelines to reduce in-flight sud-
den/subtle incapacitation

Assessed flight attendant reproductive health
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» Assessed operational hazards of in-flight laser Report the frequency and nature of in-flight

exposure medical emergencies and use of defibrillators
on commercial aviation flights
KEY FY 2000 PRODUCTS and MILE-
STONES FY 2000 PROGRAM REQUEST:
The following program activities are scheduledhe Office of Aviation Medicine encounters com-
for FY 2000: plex medical decisions during initial and followup

«  Conduct epidemiological assessment of toxinedical assessments of airmen who request spe-

cology factors from fatal civilian aviation ac-Cial medical issuances (e.g., cardiac conditions,

cidents neurological deficits, etc.) to permit them to con-
_ o _ ~ tinue flying. The prospective epidemiological as-
 Compare toxicology findings at time of flight sessment of special issuance methodology and

physical to post-accident data medical outcomes in the airman population is re-
« Develop guidelines to reduce in-flight sud-duired to ensure that medical issuances do not re-
den/subtle incapacitation sult in unexpected or increased aircraft accident

_ or incident rates.
« Evaluate autopsy data from fatal aviation ac-

cidents to determine protective equipmer®ngoing research projects will:

and design practices « Develop safer aircraft cabin evacuation ap-
« Report on guidelines for aircraft cabin occu- proval guidelines and safer field applications
pant health maintenance under operational conditions
« Develop a model of disease transmission via Reduce head, neck, and extremity injuries in
aerosols in an aircraft cabin environment aircraft crash environments

e Evaluate the suitability of using analytical® Evaluate trends in toxicology and clinical
modeling as a substitute for evacuation tests findings from all major civil aviation aircraft
in certifying new passenger aircraft crashes

» Develop improved fit and comfort standarde Develop guidelines for aircraft cabin crew
for oxygen mask systems and passenger environmental management
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A08c - Aeromedical Research
Product and Activities

Program Schedule

FY 1999|FY 2000 [ FY 2001| FY 2002 |FY 2003 | FY2004

086-110 Aeromedical Research

Cabin Health and Environmental Guidelines
Assessment of Flight Attendant Reproductive Health Hazards
Report on Guidelines for Aircraft Cabin Occupant Health
Maintenance

Development of a Model of Disease Transmission Via Aerosols in
an Aircraft Cabin Environment

Human Protection/Survival in Civil Aviation

Analyze the Suitability for Component Tests as an Alternative for
Showing Regulatory Compliance with Crashworthiness Standard
for Aircraft

Assess Impact Protection Performance of Aircraft Seating
Systems, Including Child Restraints

Develop Performance-Based Narrow and Wide Bodied Aircraft
Cabin Evacuation Approval Guidelines

Report on Suitability of Aircraft Cabin Evacuation Modeling as a
Partial Replacement for Evacuation Tests with Human Subjects
Implement Dual Aisle Evacuation Model

Development of Improved Oxygen Mask Fit and Comfort
Standards

Analyzed the Influence of Cabin Crew Duty Stations on
Evacuation Performance of Passenger Aircraft in Panic Situations
Survey Parents Flying With Small Children on Their Likelihood to
Divert to Other Modalities if Child Restraints are Required

Survey of In-flight Medical Emergencies and Defibrillator Usage on
Commercial Airline Flights

.
o
o
o
o
O

Medical/Toxicology Factors of Accident Investigations

Perform Epidemiological Assessment of Toxicology Factors from
Fatal Civilian Aviation Accidents

Develop Guidelines to Reduce In-flight Sudden/Subtle
Incapacitation

Compared Toxicology Findings at Time of Flight Physical to Post-
Accident Data

Evaluate Autopsy Data from Fatal Aviation Accidents to
Determine Protective Equipment and Design Practices

Reported on the Impact of the Drug Abatement Program on
Aviation Accidents/Incidents

Develop Toxicological Test to Distinguish Between Ingested and
Post-Mortem Alcohol

*® 6 6 & o

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

0 0 0 313 394
2,075 3,320 3,320 3,155 3,858
425 680 680 597 577

2,500 4,000 4,000 4,065 4,829

Total

2-129



1999 FAA NATIONAL AVIATION RESEARCH PLAN

2-130



1999 FAA NATIONAL AVIATION RESEARCH PLAN

2.6 Environment and Energy

Mission .

Environmental opposition is the greatest single
threat to continued growth and prosperity of the

aviation system. The FAA must provide strong inl5ro ram Area Structure
ternational leadership in mitigating aviation’s ad- 9

Computer models and impact criteria for civil
aviation authorities to use in environmental
assessment of proposed actions

verse impact on the public while maintaining afhe aviation environmental research program is
effective aviation system. The FAA has adoptedomposed of the following major disciplines:
the following strategies:

Intended Outcomes
Using its regulatory authority, FAA must serve a

Balance noise reduction with adequate airpojt
capacity through a cooperative development
effort .

Minimize adverse environmental

Aircraft Noise Reduction and Control

Engine Emissions Reduction and Control

Aviation Environmental Analysis

conseThese disciplines form a cohesive system of re-

quences and comply with all Federal statutesearch projects that focus on noise and engine ex-

Reduce noise, emissions, and energy coRaust emissions to support Federal actions that
sumption by the aviation sector by stimulatWill identify, control, and mitigate the environ-
ing priva‘[e industry and Government Sponmental consequences of aviation activity.

sored research

Customer/Stakeholder Involvement

Harmonize international aircraft noise an
engine emissions certification standards

an advocate for both the environment and indus-
try. Through an optimal mix of aircraft and engine
certification standards, operational procedures,

compatible land use, and abatement technology,

FAA intends to:

Program Area Outcomes

Reduce the impact of aircraft noise by 80 per-
cent (based upon population) by 2000 ang
prevent any increase after 2000

Minimize the global, regional, and local
impact of aircraft exhaust emissions

The findings of aviation environmental research
become:

Noise and emissions standards for certifica-
tion of new and modified airframe and engine
type designs

Technical guidance on certification proce-
dures and practices for manufacturers and
modifiers in the form of technical reports,

handbooks, advisory circulars, training

courses, and rules

({Norking closely with other Federal agencies, in-
dustry, and foreign governments, the FAA uses a
unified
gR&D) approach, which:

regulatory research and development

Assesses environmental concerns
Plans research and development efforts
Shapes technical requirements

Identifies feasible abatement technologies or
other mitigation actions

Implements aircraft and engine certification
regulations to mitigate the potential impacts

FAA collaboration on aviation environmental is-
sues includes these committees:

Aviation Regulatory Advisory Committee
(ARAC) ARAC is a formal standing commit-
tee established by the FAA and composed of
representatives from aviation associations and
industry. ARAC provides industry input in
the form of recommendations, advice, and in-
formation to be considered in the full range of
FAA rulemaking activities. Harmonization
working groups under ARAC ensure that cer-
tification regulations affecting both domestic
and foreign parties do not impose different
standards in different countries.
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International Civil Aviation Organization’s
(ICAO) Committee on Aviation Environmen-
tal Protection (CAEP)FAA participates—as .
the U.S. member—on the CAEP, along with
representatives of other civil aviation authori-
ties and observers from aviation industry.
CAEP assesses the adequacy of the interna-
tional aviation environmental standards, espe-
cially in the areas of aircraft noise and engine
exhaust emissions standards.

Federal Interagency Committee on Aviation
Noise (FICAN) FICAN, established by the
FAA and other interested Federal agencies,
provides forums for debate over needs for fu-
ture aviation noise research and encourages
new development efforts in this area. FICAN
conducts annual public forums in different
geographic regions, soliciting general input
on aviation noise impacts with the intent to
better align research with the public’s con-
cerns.

Accomplishments
Since 1993, the program has produced:

Simplified noise certification procedure for
light helicopters, as promulgated by FAA and
ICAO. The new procedure should save manu-
facturers and modifiers at least $24 million
over 15 years.

Four reports to Congress on the annual
progress of the FAA/NASA subsonic jet
noise research program and one report to
Congress on quiet aircraft technology for
light propeller-driven airplanes and helicop-
ters. The finding of the latter report led to a
joint FAA/NASA research project on general
aviation noise. .

Handbook on small airplane noise certifica-
tion and publication of advisory circulars on
the aircraft noise certification database that
will improve the efficiencies of both the man-
ufacturers’ measurement tests and the FAAs
review and approval.

Training course on 14 CFR, part 34, “Fue|:
Venting and Exhaust Emissions Require
ments for Turbine Engine Powered Air-¢
planes,” for FAA engine certification person-
nel and applicants. This training will improve
the efficiencies of both the manufacturers’
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measurement tests and the FAA's review and
approval.

Advances in the computer models used for
airport and heliport noise analysis. Over
1,000 copies have been sold worldwide. In
the United States, these models have been
used in over 150 airport studies involving
more than $1.3 billion in airport noise com-
patibility grants.

Four public forums on aviation noise research
in Atlanta, San Diego, Seattle, and Washing-
ton, D.C.; four FICAN annual reports; one re-

port on Federal aviation noise research
projects; a report to Congress on the effects of
aircraft noise; and a Federal finding on the re-
lationship between aircraft noise and sleep
awakenings. Public participation led to new

Federal research projects on commuter air-
plane noise impacts and the influence of am-
bient noise on community annoyance.

Enhancements to the computer model used
for airport air quality analysis and formal ac-
ceptance by the Environmental Protection
Agency (EPA) as a preferred guideline model
which is EPA's highest-ranking; development
of a handbook on the procedures for airport
air quality analysis for use by civilian and
military aviation authorities. Standardizing
the civilian and military analytical procedures
will improve the quality of environmental as-
sessments that are reviewed by the Federal
Government.

The Global Aircraft Noise Impact Assess-
ment Model, accepted by CAEP for future
use in assessing the benefits of advances in
noise reduction technologies.

Achieved the mid-term goals of the joint
FAA/NASA subsonic jet noise reduction re-
search program.

Aircraft noise exposure prediction model for
overflights of Grand Canyon National Park.

R&D Partnerships

AA participates with others in the aviation com-
munity in joint R&D efforts:

Through a series of memorandums of under-
standing, FAA works NASA and U.S. indus-
try under the NASA Advanced Subsonic
Technology (AST) and the High Speed Civil
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Transport (HSCT) research programs to iderenvironmental impacts and create barriers to fur-
tify source abatement technologies. ther growth.

* FAA also participates in the Aviation EffectsThe key to successful environmental planning is
on the Atmosphere Project (AEAP) withto identify operational mitigation options for
NASA, industry, and academia to assess thfose sectors of the growing aviation markets that
possible global impact of aircraft engine exare most likely to reach environmental critical
haust emissions. mass. FAA will need to continue to assess the sit-

« The \Volpe National Transportation Systemya_\t_ion to determine W_hether research to support
Center (VNTSC) continues to provide submitigation should be directed toward tour opera-
stantial technical assistance in aircraft noiséons over national parks, urban vertiports, resur-
measurement and assessment. gent general aviation activity, the old standby

, _ large jet transport operations, or a new threat.
FICAN is also a forum for partnership. All Fed-

eral agencies concerned with aviation noise afeeveral major NASA aeronautics research pro-
represented on the committee, including the milgrams will come to an end in the first few years of
tary services (Air Force, Army, Navy) the Departthe next decade most notably, the AST program.
ment of Interior, Department of TransportationSeveral new source technologies will come out of
EPA, National Aeronautics and Space Adminighe NASA research programs that U.S. industry
tration (NASA), and the Department of HousingVill turn into the next generations of aircraft in

and Urban Development. 10-15 years. With the end of the AST program,

. FAA will close its companion research program
FICAN has led to expanded coordinated and c@y, sypsonic noise reduction. The agency will use

operative research efforts among the individugls research findings to identify new environmen-
agencies, resulting in more efficient use of Feqy) certfication standards and procedures for the
eral funds. Participating agencies have signeday; generation of transport aircraft. FAA will

letter of understanding defining the PUrpOSEpft future environmental research in the field of
scope, membership, process, and products of s\ ajrcraft technology toward other research

CAN and formally documenting the commitment,.sgrams on rotorcraft and general aviation.
of the participating agencies.

The solution to controlling the environmental
Long-Range View consequences of new aircraft technologies is
Planning for environmental research needs b#rough a unified regulatory R&D approach in-
yond 2000 requires a look at key indicatorsvolving the FAA with other Federal agencies,
These indicators are generally described as drigtch as NASA, from the early stages of the tech-
ing forces for change, targets of opportunities, dtology research program.
future (environmental) threats. The key indicator:
that may relate to aviation environmental researg
include:

echnologies, such as the Global Positioning Sys-
m (GPS), are already beginning to have a pro-
found effect on the aviation system. As these
«  Air transportation growth technologies are introduced to improve system ef-
ficiency and flexibility, a new FAA paradigm is
emerging under the general term, “Free Flight.”
* New aviation technologies As the FAA builds more user flexibility into the

- Scientific findings on environmental impact NAS, what are the environmental consequences
(impacts and improvements)? FAA must commit
funds to expand on the current suite of environ-
* Reduced Federal resources mental analysis tools to address the consequences

FAA predicts slow and steady growth of the degsa}rr:g agency moves towards free flight in all do-

mand for aviation services into the first decade o
the next millennium. The growth in aircraft operWhile human (animal) behavioral research is not
ations to meet this demand will produce increasehe duty or responsibility of the FAA, the agency

* New aircraft designs

» Increased globalization of aviation

2-133



1999 FAA NATIONAL AVIATION RESEARCH PLAN

must devote some research resources to translagestated in FAA's 1996 Strategic Plan, “The glo-
any pertinent scientific findings on environmentabalization of aerospace is another factor driving
impacts into Federal guidance and policy. For eXAA to change.” What is the potential effect of
ample, NASA's AEAP will conclude in 2003 expanding international and multinational manu-

0 tential out is a findi the eff facturing centers on the harmonization of interna-
he potential outcome s a finding on the electy, o gircraft noise and engine emissions certifi-

of supersonic and subsonic aircraft cruise opergation procedures and recommended practices?
tions on global climate change and the ozorgaA must plan for research efforts to support
layer. FAA must be prepared to produce appropréontinued maintenance of international harmoni-
ate aviation environmental policy, guidance, angation and standardization of the aviation envi-
interpretation for these and other scientific fingtonmental certification standards and procedures.

ings.
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AQ9a Environment and Energy

GOALS: civil aviation authorities and observers from the

Intended Outcomes:The FAA intends to reduce aviation industry. CAEP assesses the adequacy of
the impact of aircraft noise by 80 percent (baséaternational aviation environmental standards,
on population) by 2000 and prevent any increa&specially in th'e areas of aircraft noise and engine
thereafter through an optimal mix of new aircraféxhaust emissions standards.

certification standards, operational proceduregaa and other interested Federal agencies estab-
compatible land use, and abatement technologyhed FICAN to provide forums for debate over
define and minimize the impact of aircraft emispeeds for future aviation noise research and to en-
sions through an optimal mix of new aircraft cercourage new efforts in this area. FICAN conducts
tification standards, operational procedures, anghnual public forums in different geographic re-
abatement technology; and mitigate the envirogjions to solicit general input on aviation noise im-
mental consequences of aviation operations.  pacts to better match research to public concerns.

Agency Outputs: The aviation environmental re- The Aviation Environmental Research Program
search findings have resulted in the publication firectly supports the General Aviation Action
significant standards, rules, and technical guige|an in demonstrating noise abatement technolo-
ance, including: gies for light propeller-driven airplanes.

 Standards for certifying new and modifiedaccomplishments: Through this program, FAA
designs for reducing aircraft noise and engingas produced a simplified noise certification pro-
exhaust emissions cedure for light helicopters and promulgated it

« Technical reports, handbooks, advisory circuwith ICAO. The new procedure should save man-
lars, training courses, and procedures fdifacturers and modifiers at least $24 million over
manufacturers and modifiers 15 years. FAA has also produced a handbook on

Ismall airplane noise certification and published

» Computer models and impact criteria for CiViadvisor circulars on the aircraft noise certifica-
aviation authorities when making environ- y

mental assessment of proposed actions tion database.
These publications improve the efficiencies of in-

uses a unified regulatory R&D approach, Workindustrys measurements of engine exhaust emis-

. R d‘ons as well as FAA review and approval in this
closely with other Federal agencies, industry, an O . .
area. A training course is available for FAA en-

foreign governments to guide R&D efforts into_. P )
L ; ine certification personnel and applicants that
the area of aviation impact on the environmeng ¢ SN
i . . will improve the efficiencies of both the manufac-
Lessons learned from this research identify ar}drers’ enaine exhaust emissions measurement
shape technologies, regulations, and certificati n 9 ) .

R ; ) ests and the FAA's review and approval.
criteria with real potential to improve our presen
and future global environment. The FAAs advances in computer models used for

. . . airport and heliport noise analysis have resulted in
The ARAC is a formal standing committee of rEpfhep worldwide psale of over )(/500 copies of the

resentatives from aviation associations and indus- .
iry. Established by the FAA, ARAC provides irl_ﬁlodel. In the United States, these models have

dustry input in the form of recommendations, ac}geen used in over 150 airport studies involving

vice, and information to be considered in the fuffhore than $1 billion in airport noise compatibility

) L , “grants. The FAA has conducted four public fo-
range of FAA rulemaking activities. ARAC's har rums on aviation noise research in Atlanta, San

o oo o et Tapacp1e00, Seale. and Wasringion, D C: four
9 PACE AN annual reports; one report on Federal avia-

both domestic and foreign parties do not impose . i )
different standards in different countries. Ton noise research projects; and one report to

Congress on the effects of aircraft noise. Public
The FAA represents the United States on thearticipation has led to new Federal research
ICAO CAEP, along with representatives of otheprojects on commuter airplane noise impacts and

Customer/Stakeholder Involvement: The FAA
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the influence of ambient noise on community an- guidance to airport authorities, FAA field of-
noyance. fices, and other Federal reviewers of environ-

_ . mental assessments
R&D Partnerships: Through a series of memo-

randums of understanding, the FAA works closely In cooperation with ICAO CAEP and the
with NASA and U.S. industry on NASAs AST Society of Automotive Engineers (SAE), ini-
and the high speed civil transport (HSCT) re- tiated validation of methodologies and data-
search programs to identify source abatement bases used in airport noise modeling
technologies. FAA also participates in AEAP with
NASA, industry, and academia to assess the paseY FY 2000 PRODUCTS AND MILE-
sible global impact of aircraft engine exhaus§TONES:
emissions. The Volpe National Transportation
Systems Center (VNTSC) continues to provid@ircraft noise reduction and control
substantial technical assistance in the areas of air-
craft noise measurement and assessment. FICAN Continue the three cooperative FAA/NASA
is also a forum for partnership, as all Federal noise reduction research programs to identify
agencies concerned with aviation noise are repre- feasible technologies for U.S. manufacturers
sented on the Committee. FICAN has led to ex- to develop quieter subsonic jet transport air-
panded coordinated and cooperative research ef- planes, helicopters, and light propeller-driven
forts among the individual agencies, which re- airplanes, respectively
sulted in more efficient use of Federal funds.

Engine emissions reduction and control

MAJOR ACTIVITIES AND ANTICIPATED o , .
FY 1999 ACCOMPLISHMENTS: » Develop a simplified engine exhaust emis-

sions measurement procedure to reduce man-
Aircraft noise reduction and control ufacturers’ test costs
* Harmonized FAA subsonic jet airplane noise\viation environmental analysis

certification regulations with those of the Eu- ) . i

ropean Joint Aviation Authorities that gover® ~ €ontinue to examine and validate the meth-

the procedures used by airframe manufactur- ©dologies used to assess aircraft noise expo-
ers sure and impact

» Published revised Advisory Circular 36-4D,FY 2000 PROGRAM REQUEST:
Noise Certification Handbogkwhich will _ _
provide technical guidance to FAA field per.AIthOUgh several major NASA aeronautics re-

sonnel, airframe manufacturers, designategarch programs (most notably, the AST) will end
engineering representatives, and aircraft modP the first few years of the next decade, several

ifiers new source technologies will have emerged from
NASAs research. This will be the basis in 10 to
Engine emissions reduction and control 15 years for the next generation of U.S. industry

aircraft. With the end of the AST program, FAA

*  With the assistance of NASA and U.S. indusgy cjose its companion research program on

ry, continued comprehen5|_ve SCIen'“f"?subsonic noise reduction and will use its research
assessment of the atmospheric effects of avi

tion ﬁﬁdings to identify new environmental certifica-

tion standards and procedures for the next genera-

tion of transport aircraft. FAA will shift future en-

vironmental research in the field of new aircraft

* Published a new airport air quality assesgechnology toward other research programs for
ment handbook that will provide technicalrotorcraft and general aviation.

Aviation environmental analysis
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A09a - Environment and Energy
Product and Activities

Program Schedule

FY 1999

FY 2000

FY 2001

FY 2002

FY 2003

FY2004

091-110 Aircraft Noise Reduction & Control
Airplane and Rotorcraft Noise Reduction Technologies, Noise
Certification Standards & Procedures

Harmonized FAA Noise Certification Regulations with European
Joint Aviation Authorities

Final Assessment of FAA/NASA Subsonic Jet Noise

Final Assessment of FAA/NASA Light Propeller-Driven Airplane
Noise Reduction Technology Research

Publish Advisory Circular 36-4d

Developed Simplified Noise Certification Procedures or
Requirements for Helicopters

Develop New Basis for Certification Standards and Procedures for
High Speed Civil Transports

Initiate Development of Supersonic Noise Certification Standards
and Procedures

091-111 Engine Emissions Reduction & Control
Engine Exhaust Emissions Reduction Technologies, Standards and
Procedures, and Impact Assessments

Develop Simplified Engine Exhaust Emissions Certification
Procedures

Harmonize FAA Engine Exhaust Emissions Certification
Regulations with European Joint Aviation Authorities
091-113 Aviation Environmental Analysis

Develop Noise & Air Quality Assessment Methodologies

Initiated the Validation of the Methodologies and Databases Used
in Airport Noise Modeling

Initiate Noise Modeling Validation

Budget Authority
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999
Enacted

FY 2000
Request

Contracts
Personnel Costs
Other Costs

Total

3,800
0
0

3,600
0
0

2,891
0
0

2,239
607
45

2,856
589
36

3,800

3,600

2,891

2,891

3,481
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APPENDIX A
RESEARCH, ENGINEERING AND DEVELOPMENT ADVISORY COMMITTEE

The FAA values the ongoing involvement of tHdpdated Response to theluman Factors Sub-
R,E&D Advisory Committee in reviewing its curcommittee Repor{Report dated August 1996)

rent and planned R,E&D programs. A formal proy, geptember 1994, the Advisory Committee
cess has been established whereby the agency (Rartered a Human Factors Subcommittee under
plies to the Committee’s reports. This documeRte chairmanship of Dr. Earl L. Wiener. The pur-
summarizes recent Committee recommendatlo%se of the Subcommittee was to investigate, as-

and FAA responses sess, and report on the status and organization of

During 1998, the FAA responded to four Committhe human factors program in the FAA, and make
tee reports. Two of the responses were updates'@&0ommendations for improvements.

previously provided FAA responses. One of theser. Maureen Pettitt, FAA Chief Scientific and
was an updated response to Heman Factors Technical Advisor for Human Factors, addressed
Subcommittee Reportdated August 1996, to the following recommendations from the Sub-
which the FAA originally responded on Januargommittee’s August 1996 report during the Com-
28, 1997. The second was the FAA's final remittee meeting on January 29-30, 1998.

sponse 1o thBlAS ATMR&D Panel Reportdated The responses below are an update to the re-
_I\/Ig_rch 25, 1997, for which the FAA provided an ponsespthe Committee receivecIJI3 at the January
initial response on September 9, 1997. The Co 8, 1997 meeting, which were published in the

mittee submitted three reports in 1998. The FA . .
responded to thReport and Minutes of the Sub—1998 FAA Plan for Research, Engineering and
Development.

committee orAir Traffic ServicesThe other two
reports submitted in 1998, were tBemmittee’s Recommendation: Centralize responsibility for
Recommendations on FY 2000 R,E&D InvesHuman Factors in the FAA.

ment,dated April 1998, to which the FAA planspegnansea human factors group was convened

to respond between January and April 1999, andl 3 resylt of human factors issues surrounding
theReport of the Subcommittee on Runway InCUre STARS system. This process group also

sion agreed that there should be a centralized responsi-
In total, this section provides recommendationRility for FAA human factors, adequately re-
from four Committee reports (listed below) andourced and that

FAA responses to the first three reports on the lishAR-100 should be designated as the lead in this
effort. An implementation plan is under develop-

Human Factors Subcommittee Repftated ment

August 1996—updated response)

« NAS ATM R&D Panel Repoftated March
25, 1997—updated response)

Recommendation: Assign resources and people
to this central responsible structure, define the
agency’s expectation, and hold [those assignhed]
* Report and Minutes of the Subcommittee asiccountable.

?|9r97'|)'raff|c Services (dated November 6, ResponseA human factors group was convened
as a result of human factors issues surrounding
« Committee’s Recommendations on FY 20G8e STARS system. This process group agreed
R,E&D Investment¢dated April 23, 1998— that there should be a centralized responsibility
response pending) for FAA human factors, adequately resourced,

In 1999, the FAA expects to receive the Commifnd that AAR-100 should be designated as the

tee’s recommendations on planned FAA resear
and development investments for fiscal yea
2001, which will include detailed recommendaRecommendation:Provide an agency lead orga-
tions from the standing subcommittees. nization for Human Factors.

ad in this effort. An implementation plan is un-
er development.
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ResponseA human factors group was convenedResponse The National Civil Aviation Review

as a result of human factors issues surroundi@pmmission (NCARC) report was published last
the STARS system. This process group agre&@kcember. The report recommends a perfor-
that there should be a centralized responsibilitpyance-based Air Traffic Services (ATS) organi-
for FAA human factors, adequately resourced,ation, which would encompass air traffic ser-
and that AAR-100 should be designated as thaéces and engineering functions. The NCARC
lead in this effort. An implementation plan is untecommendations will be resolved within the Ad-

der development. ministration and with Congress over the March-
to-October time frame. It is expected that the sub-
Updated Response to th&lAS ATM R&D ject matter of these recommendations will be ad-

Panel Report(Report dated March 25, 1997) dressed in the process.

The National Airspace Systems (NAS) ReseardRecommendation: Reverse the losses of techni-
and Development (R&D) Panel was an ad hocally competent and highly experienced and
subcommittee chartered to review the content astlilled FAA personnel crucial to effectively man-
management of FAAs current R&D programage technology changes and to provide the neces-
against the proposed NAS Architecture. The pusary leadership to manage contractor efforts.

pose of the FeVi.eW was to identify issues tha_t r(iiesponse The Associate Administrator for Re-

quire resolution in order to complete th? arCh't.e%'earch and Acquisitions (ARA) is developing an
ture and to explore opportunities for Increasingiellectual Capital Investment Plan to foster
the programs’ effectiveness in enhancing thg . o offective recruitment, development, and re-

NAS. tention of its work force.

The Subcommittee’s report dated March 23Recommendation: Develop the ability to plan
1997, was approved by the Committee on April &nd fund the continuous insertion of evolving
1997 and provided by letter to the Administratotechnology into the NAS.

on April 17. The report provided recomm(_:‘nda_Response The NAS Architecture provides for

tions in six areas: management, advanced ATMbntinuous technology insertion over the life cy-
software engineering, aviation weather, syste 9y y
cle of systems.

capacity, and leveraging.

The following response is considered the final re- Advanced ATM . _
sponse and is an update to FAA's initial responsg&commendation: A “strawman” vision, with
which was provided on September 9, 1997 arRfoad agency support, of the evolution of the
published in the 1998 FAA Plan for Research, EAYAS including functionality, concepts of opera-
gineering and Development. The final responséon; architecture, transition mechanisms, and en-

was provided to the Committee by letter date¥ironmental and safety considerations, is required
July 9, 1998. to provide a basis for the research and develop-

ment (R&D) investment process.

Management Issues ResponseThe FAA agrees. During the course of
Recommendation:Create a new Deputy Admin- the past year, the FAA has developed a concept of
istrator position for the National Airspace SysterfP€rations for the NAS in the year 2005. It was
(NAS), with responsibility for research, developdeveloped by ATS, with support from the Associ-

ment, acquisition, operation, and maintenance ¢ Administrator for Certification and Regulation
the NAS. (AVR), and ARA. This broad support within the

agency reflects continued migration of the NAS
Recommendation: Elevate the Federal Aviation from a ground-based infrastructure to one that en-
Administration (FAA) system engineering func-compasses both ground- and space-based sys-
tion to a very high level (administrator or deputyems. The participation of these organizations also
administrator level) to promote/allow aviation-demonstrates recognition of the need to engage
wide solutions, decisions and development to othe operational components of the FAA early in
cur quickly. the concept formulation process.
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The current concept of operations for the NA®ated research program that addresses Free Flight
presents a high-level description of air traffic ophuman performance issues.

eLagﬁg?stlgts2O§£eﬁ1hzrgﬁﬁgsftrgolis tgog dtizcglﬁchommendation:Safety considerations need to
a y ure. Instead, e COL explicitly included in NAS concept evaluation.

cept defines an initial change in the air traffic eNseD is required to support the development of

vironment and lays the groundwork for tranSI'methods to evaluate safety and environmental im-
tional phases subsequent to 2005.

pacts.

Over the past several months, the Administrat@®®esponseThe FAA agrees. During the course of
has convened two meetings of a NAS Modernizahe past year, the FAA and NASA have conducted
tion Task Force to identify a near-term plan fotollaborative modeling and analysis activities
system modernization that best applies availabierough the Interagency Integrated Product Team
resources to the needs of the agency's custonig?T) directed at evaluating safety implications
community. The work of the task force has beeassociated with potential future air traffic scenar-
based on the operational concept for 2005 amgs. These scenarios incorporate systematic reduc-
NAS Architecture Version 3.0. The FAA will con-tions in restrictions associated with the current
tinue to develop and refine a community-supsystem concept of operations. These analyses will
ported concept of operations for the future and ferovide information regarding conflict geometry,
maintain a NAS architecture consistent with thatlosing velocities, aircraft densities, and other
operational concept and consistent with the FAfeasures that will assist in the evaluation of
budget. safety associated with potential future operational
_ _ concepts. Scenarios that reflect future demand are
Recommendation:increase emphasis on underyeing prepared and will be analyzed during the
standing the implications of various Free Flightiscoming year. These scenarios and analyses will

architectural alternatives on pilot and controllepe ysed also to support future environmental im-
performance and incorporate this understandingct evaluation activities.

early in the NAS architecture evolution process.
Continue the collaborative efforts between FAAN€ processes for end-to-end safety assessments

and the National Aeronautics and Space Adminifor &r and ground systems are being developed
tration (NASA) in this area. jointly by RTCA Special Committee 189 and EU-

ROCAE Working Group 53. Concurrently, FAA
ResponseThe FAA agrees with this recommen-Safety Assessments Working Group is develop-
dation and believes that several ongoing and ndg procedures and tolls for safety assessments
initiatives will provide the emphasis necessary twithin the Acquisition Management System spe-
achieve the appropriate level of understanding 6ffically targeted at NAS modernization. A new
Free Flight human factors and related human petgency policy order is in final coordination and
formance alternatives. The FAA recognizes thwill require safety risk assessments.

critical role of human performance in NAS archigecommendation: Efforts should be continued

tecture development and has taken steps 10 ag-improve the analytical basis on which to sup-
dress the issues. These steps include: (1) condygliy ‘NAS evolution decisions. These efforts
ing human factors research studies, (2) prepariagoyid include improving the understanding of
human factors research and application inputs {Qq cyrrent air traffic control (ATC) system, the

the NAS Architecture Version 3.0, (3) establishyyeretical basis of ATC, and the development
ing a working group to identify future human per+n4 use of fast time models.

formance research requirements, (4) establishing _

a human factors working group to support thEesponseFAA continues to strengthen the ana-
Flight 2000 demonstration and to provide connedytical basis of evolution decisions. This is done
tivity to Free Flight human factors requirementsy applying fast time models such as SIMMQD
and (5) working with NASA to develop a coordi-NASPAC, and RAMS to evaluate alternative

1. A trademark name for the FAA's Airport and Airspace Simulation Model
2. National Airspace System Performance Analysis Capability
3. Reorganized Mathematical Air Traffic Control Simulator

A-3
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NAS concepts and to guide investment decisiotasks. One of these tasks provides a framework by
making in the NAS. While some models to supwhich the FAA coordinates the development and
port this work exist, the lack of sufficient fundinggains support for its NAS architecture within the
hampers further development and widespread ugguropean community.

Recommendation: Continue collaboration be- In addition to the ongoing initiatives with Europe,
tween FAA and NASA. Work to maintain a rela-the FAA is actively engaged in R&D initiatives
tionship which will promote the most effectivewith countries within the Asia-Pacific region. The
joint R&D program supporting domestic and inAA has established a cooperative working rela-
ternational air traffic management (ATM) evolu-tionship with Japan and Australia regarding the
tion. Global Positioning System (GPS) and the Wide

. . Area Augmentation System (WAAS) in support
ResponseThe FAA agrees with this recommen- . Lo .
dation, and is continuing to work with NASA toOf the evolution of a Global Navigation Satellite

ensure that the joint ATM R&D activities are re_System (GNSS).

sponsive to user needs. The FAA also works very closely with numerous

The ATM R&D program within the United Statesother countries within the International Civil Avi-

. . . . —~ation Organization (ICAO) regional planning
is being coordinated with the European Organiza- : ;
tion for the Safety of Air Navigation (Eurocon-%rOUpS’ task forces, and panels. In this way, issues

trol d the E tional administrati are being addressed and coordinated at both the
rol) an e European national administra 'Onr%anagement and technical levels.

through a memorandum of cooperation between
the FAA and Eurocontrol. This is intended to en- Software Engineering

sure that international ATM evolution is coordi-

nated and convergent upon a worldwide seamleBgsearch and Development

operational environment, and allows further opRecommendation #1:The FAA should elevate
portunities for collaborative R&D and leveraginghe position of Chief Scientist for Software Engi-
of R&D resources within the international ATM neering so that it directly reports to the Associate
community. Administrator for Research and Acquisitions. The
responsibilities associated with this position

Recommendation: Continue the coordination should include oversight for software engineerin
with international organizations working on NAS™ 9 . 9 9
?Ilcy, procedures, techniques, and technology

issues and build a combined stakeholder/technic% ) X
consensus on NAS evolution. used throughout the FAA and by its suppliers.

This position should be staffed by a nationally
ResponseThe FAA strongly agrees with this rec-recognized software expert to interface with Gov-
ommendation and is actively supporting this reeernment, industry, and academic organizations
ommendation through multiple international initi-doing research in software to improve FAA in-
atives. The FAA has established bilateral R&ight and leverage.

agreements with a number of international CiVihes onseFAA aarees with the spirit of this rec-
aviation organizations. Through these agree- P 9 P

ments, the FAA is able to build a combined stak%)ﬁrgrgild;t:]%g ?ggobicﬁgﬁihtg%fﬁze&?ﬂ?gﬁzjn
holder/technical consensus on NAS evolutio lon Technology was created, are in keeping with

and to ensure a consistent progression towar af orderly program intended to elevate the impor-

global, seamless communications, nawgatlon,ar,[]gnce of software engineering throughout the

2;;\{3:6}2;:?(?;rz’ir;ﬁécenr?ir;agement (CNS/ATM)FAA_. Cur.rently, the_(_:hief Scientist for Softwa_re

' Engineering, a position that was created a little
The FAA and Eurocontrol have defined severalver 2 years ago, reports to the Director of the Of-
R&D cooperative tasks, assigned FAA and Eurdice of Information Technology. This director also
control points of contact to lead each task, and eserves as the Chief Information Officer for the
tablished a FAA/Eurocontrol R&D Committee toFAA and reports to the Associate Administrator
provide the management oversight and guidanéer Research and Acquisitions. We believe that
necessary for progressing the R&D cooperativihis represents an optimum solution at this time,
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since it makes available the resources of the Gkred into the FY 1999 R,E&D budget submission
fice of Information Technology to the Chief Sci-to Congress. This item addresses two proposed
entist for Software Engineering, as needed, armbftware R&D efforts, the second of which is for
allows software engineering policy, procedures center for software engineering to provide a
techniques, and technology used throughout thértual’ facility using resources at the FAA Will-
FAA and by its suppliers to be coordinated witliam J. Hughes Technical Center and with nodes
all of the other software activity occurringlocated at university, Government agency, and
throughout the FAA. other research facilities contributing to the activi-

) . _ . ties of the center. The purpose of the center is to
_The first Chief SC"?”“S‘ for Software Eng'neerbrganize research critical to improving the safe
ing, Dr. Floyd Hollister, was an internationally

. L X use of software within the FAA and the aviation
recognized software scientist recruited from th

Software Engineering Institute of Carnegie—MeI—(&)mmunlty generally.

lon University. The incumbent, Dr. Art Pyster,Recommendation #3:The FAA should investi-
was recruited into the FAA from the Softwaregate the Department of Defense's (DOD) initia-
Productivity Consortium, a well known, non-tive in domain-specific software architectures
profit software research institute. Dr. Pyster is a[DSSA) to determine how the concept can be
internationa”y reCOgnized software scientist. Hl%sed to improve software reuse (and hence pro-
duties include OveI’Sight of software engineeringuctivity) and software re||ab|||ty The FAA
policy, procedures, techniques, and technologhould consult with experts like Dr. Barry
used throughout the FAA and by its suppliers, angoehm, who was instrumental in initiating DSSA
he interfaces with Government, industry, and acgoncepts within the DOD, to guide development

demic organizations doing research in software gnd implementation of DSSA concepts within the
improve FAA insight and leverage. FAA.

Recommendation #2 The FAA should establish Response The FAA agrees. The FAA has be-

a software engineering laboratory under the direﬁbme an Affiliate of the University of Southern
tion of the Chief Scientist for Software Engineerrisornia  Center for Software Engineering

ing that performs as a center of excellence to pr@aich will make available the services of Dr.

vide in-house capability in state-of-the-art softg, v Boehm and other Center staff, as necessary.
ware engineering technology and processes. TEﬁe FAA recognizes that any approach to reengi-

laboratory should be staffed by a small, highgeeing the NAS, and the broader FAA informa-
competency team of recognized software €NYion complex of which the NAS is a part, will re-

neering experts who would leverage their skill§ ;je gupstantial innovation in the area of soft-

across the FAA organization. The Software Engliare architectures.

neering Lab (SEL) mission would include:

e Education: Develop and present software erT—h(? center fqr softvv_are engir!“:‘e””g (Recorr_lmen-
gineering and relevant technology coursegat'o.n #2) will prowde_ a faC|I|t_y wher_e various

that are tailored to the needs of the FAA. architectures and architectural innovations can be

tested.
« Consultation: Have a cadre of software engi-
neers available to provide technical and marRecommendation #4.The FAA should increase
agerial expertise to FAA projects and rethe scope and elevate the importance of security
search initiatives. engineering. In the environment of increasing au-
omation, reliance on communications, and the

» Guidance: Provide software engineerin%o histication of automated techniques used b
guidance to FAA organizations on all aspect PhI; 9 Sed by
alicious persons to penetrate systems, it is no

of system acquisition to include evaluation Or[n ;
vendor proposals and evaluation of work | onger adequate for the FAA security focus to be

progress limited to the physical aspects of the NAS. Re-

' search must be applied to address the information
ResponseThe FAA agrees. Budget item A02j, ti-warfare aspects associated with flight critical sys-
tled, “Software Engineering R&D,” has been entems.

A-5



1999 FAA NATIONAL AVIATION RESEARCH PLAN

ResponseThe FAA agrees and has establishedla addition, FAA has developed an integrated
security architecture team within the System ArcMM (iCMM) reference model, which merges
chitecture Office, ASD-110, led by Dr. Feisal Kethe three CMM'’s for systems engineering, soft-
blawi. This team has launched several major initivare acquisition, and software development fol-
atives, including an inventory of the various NASowing the latest CMM integration guidelines
information security activities ongoing orfrom the Software Engineering Institute. The
planned. To organize and coordinate these actiagency is using the iCMM to guide its process im-
ties better and to increase their combined effeprovement efforts. FAA expects this model to
tiveness, the NAS Information Security (NIS)help develop and improve integrated cross-disci-
Group has been formed with Dr. Keblawi as chaslinary processes more effectively and efficiently
and Dennis Hupp, ACO-3, as co-chair. The grouor the full acquisition life cycle.

which includes a cross section of FAA operational

and technical offices, was approved by the FAAhe FAA has set aggressive improvement goals
Joint Resource Council (JRC) as an FAA Stanénd will continue to improve the processes that it
ing Committee on May 1, 1997. uses to manage, acquire, and engineer software-

This group has developed an action plan for in%qtenswe systems.

plementing information security (INFOSEC). Thégacommendation #6:Establish a program for

plan is now in coordination, and the NIS Group,n4ardizing data element definitions for all FAA

has commenced working on a number of actiVis,fare-intensive systems, and mandate that all
ties described in the plan. These include workingeqrated product teams (IPT) utilize these defi-
with IPT's in supporting vulnerability assessyyions in all systems developments, whether in-

ments; holding INFOSEC workshops; performing,, ;e or by contract. Make conformance with the

a general INFOSEC program review; supporting,,qarq data elements an important consideration
development of updated INFOSEC policy; an% P

. X . ; the selection of commercial off-the-shelf
developing a security engineering process. T%%OTS) systems.

group will serve as the overseer of all aspects

FAA INFOSEC (policy, procedures, manageresponseThe FAA agrees with the recommen-
ment, training, assessment, analysis, security efation and believes that the data standardization
gineering, and security technology insertion).  hrocesses being established are needed to accom-

Although the NIS Group has an aggressive plaplish the ultimate goal of Free Flight through
for implementing INFOSEC, the availability of sSeamless NAS interoperability and collaborative
funding will have an impact on the timely imple-decisionmaking. The information architecture
mentation of their efforts, especially with regardvill be more integrated with the rest of the NAS
to NIS research. data/service users and data/service providers in
NAS architecture. An FAA-wide NAS Informa-
tion Architecture Committee (NIAC) has been es-
56lished and currently has three subcommittees
working: (1) the Traffic Flow Management
ResponseThe FAA agrees and believes that ouTFM) Common Data Working Group; (2) the
current process improvement strategy, plans, ahtbst Information Architecture Group, and (3) the
activities are fully in concert with this recommenMITRE Information Architecture Support Group.
dation. The associate administrators in three lingdirough the auspices of the NIAC, a “user-
of business have committed to support FAA-widé&iendly” process is being instituted by which
process improvement based on capability matiNAS stakeholders can collaborate in establishing
rity models. In particular, ARA has committed tostandards for common NAS data elements and
increasing to FAA capability maturity modelpopulating a NAS information directory or meta-
(CMM) Level 2 (or equivalent) by Decemberdata repository. The goal is to integrate the
1999, and to Level 3 by December 2001, the pragreed-to standard data formats and definitions
cess maturity of 75 percent of selected major softito FAA's acquisition tools so vendors can start
ware-intensive programs. to build toward FAA-wide interface standards.

Recommendation #5:The FAA should increase
the emphasis on enhancing standard proces
and continuous process improvement.
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Recommendation #7: A research program of very complex architectures which, neverthe-
should be established to address: less, can be shown to be consistent and correct.

(1) ground system as well as airborne system ce-:l}b's is most easily accomplished by using a for-

tification, (2) improvements in the certificationmal architectural language to characterize the ar-

; : i re.
process to accommodate the ever-increasing pacc tecture

of software change due to technology insertion dtecommendation #9:The FAA should establish
defect correction, and (3) certification of safetya research program to develop explicit safety met-
critical systems that contain COTS software contics, objectives, measures, etc. At a minimum, the
ponents. The FAA should determine whether it imetrics would be used to determine, via prototyp-
feasible to characterize COTS suitability for ining, if system A is safer than system B.

clusion in safety-critical systems and to quamifﬁResponse The FAA agrees and currently is a
this suitability. partner with DOD, NASA, and the

Response The FAA agrees. The FAA COTS/ypjted States Coast Guard (USCG) in the joint
Non-developmental item (NDI) program wasjevelopment of a software system safety hand-
launched in May 1997, with the express goal ®ook. This is a first step in evolving from a total

providing guidance on the acquisition of CNSfejiance on quality assurance and good software
ATM ground and ground-air systems incorporalangineering practices to the implementation of a
ing COTS/NDI. The program is co-sponsored byoftware safety engineering discipline. A safety
Dr. Art Pyster, Chief Scientist for Software Engi-engineering discipline will employ metrics, mea-

neering, and Dr. Herman Rediess, Chief Scientigfires, and hazard analysis practices to identify
for Test and Evaluation. The guidance produceghq define the safety critical elements of software

and reliability of COTS software components in : _ .
safety-critical systems. The Radio Technical Commission for Aeronau-

tics (RTCA) document DO-178b is accepted
Recommendation #8:The FAA should begin a within the aviation software community as a
research study, in collaboration with the Admeans for assuring the safety of software in avi-
vanced Research Project Agency's (ARPA) Ev@mics systems. The document currently is under
lutionary Design of Complex Software (EDCS)eview by RTCA Special Committee 190, which
project, to characterize and measure system COBkings together experts from around the globe.
plexity and its relationship to system architectur¢he modifications to DO-178b will need to be
with the objective of reducing complexity in FAAcarried out in concert with the development of
safety-critical systems. ground-based software safety practices to ensure

ResponseThe FAA agrees, and steps are beinglatground, air-ground, and ‘_airborne'software use
taken to implement this recommendation. Prelin20mmon standards and provide a uniform level of
inary work has determined that real-time systenf@nfidence in overall system safety.

can be characterized by the number of attainable Aviation Weather

discrete states, including defined legal stat
(such as normal and exceptional operations), d
fined illegal states (such as hazardous or undest
able operations), and undefined states. The nu
ber of states can be calculated as the product 8 : )
the total number of values, which are possible f ound and airborne, as soon a_s_possmle._ The
each of the variables used to define the syste A S.hOUId take adva_mtage of existing d_ata Imks
Complexity can then be measured as a functiéﬂr this purpose. This could include licensing

(e.g., the logarithm) of the number of states U§_ommercia| vendors to have access to some frac-

ing a discrete state approach allows complexity n t%f emstmg_ links, SL;Ch ?S MOd? S,bto prowde
be directly related to system architecture. In pafY€aNer grapnics on a fee-lor-service basis.
ticular, it allows a distinction between controlledresponse The FAA strongly supports this rec-

and uncontrolled complexity, permitting the us@mmendation and has long advocated the need for

ecommendation #1:The FAA should facilitate

e dissemination of consistent, common, and
nely aviation weather information, in graphical
fmat, to all users of the aviation system, both
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parity in access to and dissemination of weathesensor systems required to collect critical weather
and flight information service (FIS) productsinformation, but also weather processing systems
among all NAS users. This position and policyi.e., Weather and Radar Processor (WARP) and
are reflected in the NAS Architecture Version 3.0ntegrated Terminal Weather System (ITWS)] to

(draft) and in the “Airborne Flight Services Policysupport product dissemination. The WARP and
Statement” signed by the Administrator May 1ITWS will disseminate user-friendly products to

1998. Also, the weather and FIS planning foall aviation users within the en route and terminal
Flight 2000 is based on the same principle anvironments. Consequently, when controllers,
common access and parity. specialists, pilots and dispatchers receive the

. . same weather information from these weather
Recommendation #2: FAA policy statements |, : ) ! . Al
servers’, a ‘common situational awareness’ will

and strategic plans should consider hazardoys : . .

. . e . e achieved, thereby improving safety and en-
weather information as an aviation safety issue, ﬁ%ncin the efficiency of the NAS
well as a capacity one. 9 y '

ResponseThe FAA Administrator has signed anRecommendation #5:The FAA should continue
aviation weather policy statement that recognizd8 fund longer term (greater than 1 hour) convec-
the role of aviation weather in the safe operatiotive Weather prediction, and longer term (greater
of the NAS. The statement, as well as agency stf@an 20 minutes) storm growth and decay fore-
tegic plan documents, addresses hazardot@Sting R&D. These _efforts are intended to de-
weather as a safety issue. These documents a¥§°P improved techniques for sensor data analy-
reflect users' priorities to reduce delays and ir§iS: assimilating sensor data into predictive mod-
crease system efficiency. The Aviation Weathe®!S, and converting these model outputs into prod-
Directorate (ARW) has taken the lead for develMCtS t_hat ben_eflt air traffic _and aircraft operators
oping a National Aviation Weather Strategicdecision-making in convective weather.

Plan, published in April 1997, which directs theR
FAA and other agencies to pursue strategies ag
new systems for aviation weather that will en-
hance safety as well as system capacity. The plRecommendation #6:The FAA should continue
also details the case for aviation weather initiahe research programs directed at improved 1 to 2
tives by citing safety data such as accident and iRour forecasting of ceiling and visibility at air-
cident statistics. ports. This effort could be extended to allow im-

Recommendation #3:The Associate Adminis- Proved ceiling and visibility (C&V) forecasts up
trator for Research and Acquisitions, ARA-110 6 hours.

should establish a separate weather IPT within ﬂ'r-‘?esponse The FAA has a plan to conduct re-
AND organization, to focus the leadership and research to meet this goal. However, this effort is
sponsibility for all research, engineering, devel i f,nded in fiscal year 1998.

opment, and implementation of weather projects.

ResponseWeather research is vested in a Singlgecommendatlon #7.The FAA should fund a re-

: ) - : - ~'search program that builds on the National Center
T in FARs Ofce of Ar Talfc Sysoms De- o mmosphenc Researcn (WGAR) rosere 1
formed in AND. develop a model whose output is an hourly grid-

ded forecast of hazardous in-flight icing.

Recommendation #4.The FAA should support a )
weather architecture which includes the appropriResponseThe FAA has an ongoing program to
ate elements and interfaces needed to disseming@duct research to meet this goal.
critical weather information to aliviation users

supported by adequate funding and priorities.

sponse The FAA has a plan to conduct re-
arch to meet this goal.

' Recommendation #8The FAA should fund a re-

search program, in conjunction with NASA, to
ResponseThe FAA agrees with this recommen-exploit ITWS products to produce reliable short-
dation. The FAA will provide an integratedterm forecasts of key variables which most affect
weather architecture that includes not only theiake vortices.
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Response The FAA will continue coordination underway in this area at this time and none
with the NASA program on research associatgalanned.

with providing wake vortex prediction capabili- : .
S TN : The R,E&D program is undertaking a compre-
ties, including initiatives that exploit ITWS capa: hensive analysis of opportunities to improve sys-

bilities. tem capacity and will examine the need for new
Achieving New Aviation efforts in this area.
System Capacity Recommendation #3:Renewed effort to reduce

Recommendation #1:Introduction of automa- operational impact of wake vortices.

tion aids for controllers into en route and terminaResponse Further research is necessary into the
operations to: effects of wake vortices upon capacity. Research
» Achieve optimal arrival sequencing. during 1997 addressed wake vortex issues on an
) ) individual airport basis concerning the separation
*  Provide guidance for staggered and CONVergs ayenffs and landings. Research into a laser-
ing arrivals. based wake vortex detection capability is under-
+ Achieve minimum required wake vortexway in 1998 with proof-of-concept demonstra-
spacing for operations to or from single, partions planned. At present, inclusion of a wake

allel and intersecting runways. vortex project into the 2000 budget recommenda-
+ Reduce inter-arrival variability by 50 percention is underway.
or more.

_ ~ Recommendation #4:Development of require-
* Reduce the need for pilot-to-controller voicenents and procedures for use of cockpit traffic
communication. displays to provide better information to pilots on

ResponselPT’s are pursuing the above initiativeshe traffic situation and to permit pilot participa-
to provide better utilization of airspace and runlion in approaching visual flight rules (VFR) ca-

way capacities while operating in a safe envirorRacity in IFR conditions.

ment with regard to wake vortices. Much of thiResponse The R,E&D program developed the
work is being carried out in collaboration withTraffic Alert and Collision Avoidance System
NASA. An example of currently planned researciirCAS) and supported its worldwide implemen-
activities includes development of arrival/depargation. TCAS provides a traffic situation display

ture decision support systems for increased effior the purpose of reducing the risk of midair col-
ciencies in arrival and departure, and develosijons.

ment of an integrated decision support toolset for ] o
the en route environment. Currently, there is no significant work underway

. ) i or planned in FAA or in NASA on more general
Recommendation #2:lmprovement in required gnpjications of cockpit displays providing traffic
separation standards and minimums: information to flightcrews, e.g., applications fo-
« Reduction of required spacing for indepencused on providing VFR system capacities in IFR

dent and dependent arrivals to parallel rurconditions. It is expected that such research will
ways. be initiated in the future as higher priority tasks

«  Reduction of minimums for independent ar@'€ completed. Research into this area is being ex-
rival operation to converging runways. amined as part of safety initiatives being worked

. . ith NASA.
» Establishment of procedures for mstrumen\{v _
flight rule (IFR) operations to closely spacedRecommendation #5: Flow management and
parallel, triple and quadruple runways. evolution to more cooperative ATC.

ResponseThe Research, Engineering and DeveResponse Substantial research investments are
opment (R,E&D) program has carried out a nurmow being made by FAA in the area of traffic
ber of initiatives in the past that have resulted iflow management and collaborative decisionmak-
reductions in the separation standards addressed with airspace users. The approach is based on
in the recommendation. There are no initiativespiral development of incremental improvements
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with the stakeholders heavily involved in priori-weather impacting aviation safety and capacity.
tizing the research and guiding the implementa-hese hazards include in-flight icing, turbulence,
tion of system enhancements. convective weather, and reduced ceiling and visi-
: o . bility.

Recommendation #6:Examination of the basis bility
for current separation standards and criteria. = Recommendation #8:Demonstration of capabil-

. . . __ities and development of procedures to exploit the
ResponseFAA is in the process of 'mplementmgcapabilities of sgtellite na\eigation P
a .

reduced vertical separation standards in oceani
airspace and developing CNS/ATM improveResponseThe FAA is continuing the acquisition
ments to support reduced lateral and longitudinghd certification of satellite navigation services
separation standards over the ocean. Wheraasging from oceanic positioning through preci-
most of the effort thus far has been expended #on approach capabilities. Extensive R,E&D into
the reduction of oceanic separation standards, iffre capabilities of GPS and satellite-based aug-
tiatives pertinent to other domains are underwaghentation, WAAS and LAAS, is well underway
An Integrated Requirements Team (IRT) has begfhd continuing.

formed as part of the mission and analysis process

where reduced separation standards for the Bgcommendation #9:Expedited development of
route and terminal domains are being explore@rocedures for beneficial application of GNSS/
Additionally, a joint effort with Eurocontrol is un- Flight Management System (FMS) or equivalent

derway where domestic separation standards &stems to achieve precision arrival and departure
being addressed. paths, and more precise missed approaches.

The FAA R,E&D program will continue to ex- ResponseThe FAA has developed and certified a
plore opportunities to enhance ATM system pemumber of FMS-guided terminal procedures for

formance through reduced separation standardsapproaches, departures, and missed approaches in

) . ) ] collaboration with the user community. This work
Recommendation #7\Weather information, both js continuing in the Flight Standards Service and

near terminals and aloft, needs to improve dras funded in the Operations appropriation.
matically. Safety-related aspects -- wind shear,

wake vortices, downburst protection, etc. -- havBecommendation #10:Improved safety of on-
priority, but effective terminal and en route autoairport air traffic movement and control:

mation and sensible flow management require the
best possible weather and wind gradient data.
FAA should continue to work in partnership with
other agencies, especially DOD and NOAA.

By development of an automated, airspace-
system-compatible, airport surface surveil-
lance, guidance, and control system, which
supports improved runway incursion control.
Response A major thrust of the National Avia- |
tion Weather Strategic Plan is an emphasis to im-
prove the quality of aviation weather information
available to pilots, controllers and dispatchers to
support improved, collaborative operational deci-
sionmaking. The underlying theme of our avia-
tion weather research is a focus on solving neaResponseThe FAA has a number of research ef-
term operational problems related to safety arfdrts underway to reduce the risk of runway incur-
system capacity. R,E&D programs, which arsions, including the development of low-cost air-
heavily leveraged with other research both withiport surface detection equipment intended to pro-
and outside the Government, include the developide lower-activity towers with real-time radar
ment of new and improved algorithms to modesurveillance of the airport surface. The FAA also
and predict weather events that affect aviatiois reviewing and addressing the recommendations
There is also a limited basic research effort aimexd the R,E&D Advisory Committee document ti-
at increasing the scientific understanding of thied, “Report of the Subcommittee on Runway In-
atmospheric processes associated with hazardaussions,” dated January 29, 1998.

By improving and standardizing airport light-
ing, signage, and marking to provide safe air-
port operation during runway entry, turnoff,
departure and crossing, and reduced runway
occupancy time.
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The FAA and NASA have developed a surfacgested air carrier airports. Sites are very difficult
movement advisor capability that is intended tto obtain for major new airports in metropolitan
improve the efficiency of surface movements byreas. The conversion of surplus military airports
providing tower controllers, airlines, and airporto civil use is more easily achieved. FAA is cur-
operators a comprehensive, consistent undeently working with more than 30 communities to
standing of the surface traffic situation. help convert military airports to civil use.

R,E&D in the airports technology area include®Recommendation A3:Add a new type of airport,
prototyping and test of an Advanced Taxiwayhe “remote transfer airport.”

Guidance System (ATGS) for visual gUICI"’mC(??esponseThe concept of the remote transfer hub

along airport taxiways. There is no significant €has been explored over the years. There is an

EAA/industry consensus that there is no need to
%onstruct, or even designate, a class of airports in
@ote areas for relocating transfer functions
from congested hubs. The airlines have indicated
Recommendation Al:Optimize the present air- that the preferred locations for transfer hubs are
port system including: existing airports which have good facilities and
are located in major cities which can generate a
%arge number of higher fare origin/destination
traffic to supplement the lower fares paid by the

airport surface guidance and control capability.
is expected that such research may be initiated
higher priority activities are completed.

* Physical airfield and terminal improvement
and expansion.

« Ground access enhancement. transfer passenger. There is, at this time, no com-

«  Procedural/operational changes and flowelling reason or industry support to seek “re-
management. mote” locations for transferring passengers.

e Use of new capacity technology. Recommendation A4:Use new vehicle technol-

. : ogy like the New Large Aircraft (NLA), VS-
ResponseAirport sponsored R,E&D projects A" 0Ls or even improved surface transportation to

actively supporting improved flow management ~ . . .

and new technologies, which will be incorporategptImlze the airport system.

into the operating environment as they are devdResponse Larger aircraft are already an impor-
oped. These projects include Airport Planningant factor in providing capacity at airports, which
and Design, which will conduct research to supzannot be easily expanded. Forecasted growth
port development of advisory circulars to provideates of aircraft operations at congested airports
updated guidance on terminal building planningre often only half the growth rate of passenger
and design. This replacement advisory circula@nplanements reflecting the greater seating per
will provide a modern computer-aided desigmoperation. FAA has made design standards for the
process to improve airport design. The projedtiLA available to airports to assist in planning fu-
will also support research on improving groundure development and is working with industry to
access including demonstration of high-occudentify and remove any barriers that stand in the
pancy vehicles (busses and vans) for airport asay of a smooth introduction of these aircraft.

cess. VSTOLs are recognized as having a potential

Recommendation A2:Add new airports in cities role in the high-density, short-haul market and
with the most serious congestion. FAA has issued appropriate design guidance to

Responselt is expensive and difficult to add ma-2/TPOrt engineers and planners. When remaining

jor new airports to metropolitan systems. In mosiconomic and marketing obstacles to their wider

instances, air carriers prefer to add capacity to exoc are resolved, they may be able to contribute to

isting airports gradually and to make better use gﬁetropolltan airport system capacity in a more

existing capacity by the use of larger aircraft an@eanmgful way.

higher load factors. When new airports are addebinprovements in surface transportation and com-
they are typically reliever airports, allowing genimunications technologies outside the aviation
eral aviation an alternative to the use of the cosphere already have effects, though difficult to
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isolate, on aviation growth. An example is th&kesponse to Recommendations #3, #4, & k@
sensitivity of Northeast Corridor airport traffic toagree with the spirit of the recommendations. The
AMTRAK service and fares. FAA is working in FAA intends to use the NAS Architecture and its
cooperation with other Department of Transportasupporting standards and documents as a basis for
tion (DOT) agencies to optimize ground access taforming industry of the intended further devel-
airports and to encourage the development of apment of the NAS infrastructure. In addition, the

efficient national intermodal system. agency will continue to work with industry
_ through public forums and other mechanisms to
Leveraging foster its internal investments in the development

Recommendation #1 FAA leadership recognize Of the systems the FAA requires. It is recognized
the critical necessity to leverage its own R&D rethat design specifications can stifle innovation in
sources and appreciate that the unique role of thglustry and, therefore, can be counterproductive.
FAA in providing ATM services for actual and Where possible, the FAA intends to exploit equip-
potential FAA suppliers of ATM hardware andment and capabilities that are commercially avail-
software to undertake R&D beyond the levels dible in meeting NAS infrastructure needs.

the past. Recommendation #51t is recommended that the

Recommendation #2:FAAs recognition of this FAA make better use of the National Resource
relationship be explicit and widely publicized.  Specialist (NRS) concept in order to anticipate

Response to Recommendations #1 and BBA possible and practical technological changes.
is placing a greater R&D burden on industriResponse The FAA agrees with the recommen-
through a number of program-specific initiatives:dation. AVR uses NRS'’s extensively in the review
of opportunities to exploit technology to improve
the performance of the NAS. They also work
+ Coordinating specifications with industry  closely with AVR policy offices and through them
« Performance specifications and standards Participate in the definition of R,E&D require-

. ments with respect to airborne equipment design,
* NASarchitecture production, and operational certification. With the
* Cooperative R&D agreements recent expansion of the Aircraft Certification Ser-

Recommendation #3: For both hardware and ' o N.RS program, it I anticipated that NRS par-
ticipation in the management of technological

software that FAA requires, only performanceChanges will increase
specifications should be published (rather thah '
design specifications); such performance specifRecommendation #6:Announce and implement
cations should be published broadly and reflegt policy to accommodate technological changes
the FAAs vision for ATM in the future; they of merit with minimum delay.

should also be updated with appropriate fre- o
guency to reflect Changing techno|ogy_ ResponSEThe recent activities of the NAS Mod-

_ ernization Task Force have focused specifically
Recommendation #4Standards should be estabypn near-term implementation of technological im-
lished well in advance of the deployment of hard&rovements to the NAS. In addition, the commu-
ware and software incorporating them and shougty-wide consensus to adopt a spiral-develop-

suppliers to meet (or even exceed) such standards.
_ _ _ Recommendation #7:Exploit the concept of co-
Recommendation #8For FAA-acquired and op- neration with industry to the extent it does not

erating systems, make decisions as to their a4 ce long-term, anti-competitive effects in the
tributes and performance requirements as f@arketplace.

ahead of deployment as possible to enable poten-
tial suppliers and cooperators to commit maximaesponse The FAA agrees and is dedicated to
resources to supporting R&D. the principle that NAS modernization can be ac-

* Acquisition Management Systems
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complished only through community-wide col-capacity, and delay in capacity-constrained air-
laboration of all stakeholders, including industry.space—with emphasis on total system integra-

Response to th&keport and Minutes of the Sub- tion.

committee on Air Traffic ServicefReport dated  ResponseThe concept for a program like Flight
November 6-7, 1997) 2000 has evolved over several years, based on a

The Air Traffic Services Subcommittee in one ofé@lization that the challenge of the NAS modemn-
the six standing subcommittees established [#2tion is in achieving new flight capabilities, not
January 1997 to provide recommendations to thést installing new ground-based automation
FAA on its proposed R,E&D investment portfoli€auipment. Flight 2000 will accomplish a man-

and to conduct annual reviews of FAA's researcideable cross-section of total system integration,
and development program. and validate the resulting flight capabilities in a

_ real-world operational environment. The program
The purpose of the Subcommittee’s Novembegg peing refocused with greater emphasis on re-
1997 meeting was to review and comment on thg,cing the technical, operational, and institutional
Flight 2000 initial program plan, the Operatiofyisks of NAS modernization. Communication,
Concept for 2005, and their integration with NASyayigation, and surveillance (CNS) systems must
Architecture Version 3.0 and .the overall R,E&Dpe integrated, aircraft compatibly equipped, and
program plan. The Subcommittee Report was agperational procedures developed, for controllers
proved by the Committee on January 29, 1998, pilots to assess the benefits of advanced tech-

and provided by letter to the Administrator Orhology and thereby reduce the risks associated
February 12, 1998. The following response wagith modernizing the NAS.

presented to the Committee by letter dated June
29, 1998. Applying the CNS flight capabilities of Flight

) i 2000 at higher density contiguous United States
Recommendation #1:In its program for ATM  (coNys) sites was originally conceived as an ac-

modernization, the FAA should give highest Iorl(Elvity to transition the results of Flight 2000 to

ority to increasing capacity, reducing delay, anfias.ywide modernization. Based on a recent rec-
improving safety. Allocation of resources should, .\ \andation by the Air Traffic Services Sub-

be in accord with this high priority. committee, Flight 2000 intends to add a CONUS

Response We concur with the Subcommittee’ssite as an integral part of the program. We are cur-
recommendation to give the highest priority to inr_ently ar)alyzmg candidate sites, based upon traf-
creasing capacity, reducing delays, and improvirf¢ density, prevalence of air carrier operations,
safety. The Air Traffic Services (ATS) Targetnumbers of aircraft equipped with Flight 2000
Area Team (TAT) proposed to the R,E&D Advi-avionics, necessary CNS and air traffic manage-
sory Committee, Tier One fiscal year (FY) 200@nent (ATM) ground equipment, and suitability of
funding allocations for the Aviation System Caairspace. Once this work is complete, a set of cri-
pacity Research Project Description (RPD), Aviateria will be forwarded to the RTCA Free Flight
tion Weather RPD, and Tower/Surface AutomaSteering Committee for industry review and con-
tion RPD. These research programs are expectedrence on a final site. The Select Committee has
to increase the capacity of the U.S. aviation sysommitted to providing its recommendations to
tem to meet customer demand for aviation sefe FAA by August.
vices, allow more er>§|b|IIty in the use of re'The flight capabilities resulting from Flight 2000
sources for National Airspace System (NAS) us; . . .
: development also will offer vastly improved pilot
ers, and reduce weather-related accidents and in- . .
cidents. In_ addition. the Runwav Incursio and controller situational awareness and the po-
: . Y ential for collaborative decisions between pilots
Reduction, Separation Standards, and Aeronauli

cal Data Link RPD’s have been proposed for Tiea}nd controllers. Eventually, and under carefully

One funding for FY 2000 by the ATS TAT. fmanaged situations, control_lers_ may authorize pi-
lots to maintain self-separation in instrument con-

Recommendation #2:The FAA should refocus ditions similar to the visual separation instruc-
Flight 2000 on the highest priority issues—safetyjons controllers routinely issue to pilots today. In
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such an environment, controllers will be able t&light 2000. Until these results are known, there
devote greater attention to managing the overad no basis for an investment decision to deploy
traffic situation to accommodate user-preferrethe CNS systems Flight 2000 addresses.

trajectories. The results will be more efficien

traffic flow without compromising safety. tRecommendatlon #4:The FAA should develop

a plan for ATM modernization expressed in terms
For pilots to maintain instrument separation conndf quantitatively-defined goals for evolving oper-
parable to today’s visual separation, both contro&tional capabilities and user benefits. The concept
lers and pilots will need a reliable, accurate, amef operations and the architecture should be tied
consistent depiction of traffic, as well as an abilityo this ATM Modernization Plan, and the R&D
to identify positively specific aircraft. By inte- plans should in turn be tied to the concept of oper-
grating advanced CNS capabilities in a real-worldtions and the architecture (i.e., what R&D must
environment, Flight 2000 will demonstrate ande done, and when, to support these plans?).

validate the feasibility and potential benefits o
collaborative decision-making and pilot instru-EeSponse The FAA plans to expand both the

: o .~ concept of operations and the architecture to de-
ment separation responsibility. These new fllghcfelop this plan for modernization. The architec-

procedures will then permit controllers to emplo : . s e

fully the sophisticated ATM tools that promise ure will be expanded to include identification and
. oo ilestone planning for procedures and certifica-

substantial NAS capacity improvements for th ion. We hope that by including these details, the

future. architecture and its appendices will become the
Recommendation #3:To enhance safety, theplanning document for modernization.
FAA should increase the priority for deploying

the around svstems which transmit weather info-[he current architecture is logical based on the
) y . : high-level concept of operations. The process for
mation to the cockpit, and should continue to su

: O'%'eriving a technical architecture is based on a
feedback loop with the concept of operations. As
the detail is added to the concept, it will increase

Response The FAA is committed to providing the specificity by which the initial requirements

Flight Information Services (FIS) to pilots andfor a capability can be defined. Where the concept

has issued a policy statement which includes dig-not clear or sufficiently detailed for deriving re-

livery of weather products to the cockpit. Thigiuirements, the push will be from the technical
policy statement was developed in conjunctiodrchitecture to the concept developers to provide
with the general aviation user communities and basis for requirement definition.

industry. The polic_y_enables the_FAA and industr_){.he FY 2000 R,E&D plan used the architecture
to partner in pro"'d”.‘g the services thus e.Xp.ed'Bnd the concept to validate current activities and
ing the implementation of FIS. R,E&D activities;yeyiify needed R,E&D shortfalls. Many of the
necessary to develop standards and guidance fiag <" oy nressed in the RPD's beyond the current

terials for the implementation of FIS are cons o O
. L . ) FY 1998 core were first identified in the process
lained within the Aeranautical Data Link R’E&Dof rationalizing concept and architecture with

program and Flight 2000. Flight 2000 is a IimitedR,E&D. The proposals and initial assignment to

real-world demonstration and validation of adz . funding tiers were based on the proposed ar-

vanced operational capabilities. It is an R,E& chitectural schedule for fielding capabilities. As

program focused on integraFi_ng t_echr_lologie_s, d?ﬁe concept is developed and the architecture re-
veloping procedures, and mitigating risks prior t‘ﬁned, the R,E&D requirements will also be re-

a full-scale NAS deployment. As such, Fligh,eq'ang more closely tied to the modernization
2000 is a key near-term learning effort in applyéchedule

ing new CNS technology to the operational NAS.

Critical decisions regarding subsequent Facilitiel$ is clear that all capabilities and proposed paths
& Equipment (F&E) programs to implementto meeting the capabilities’ shortfalls are not
these technologies throughout the NAS will bequal. Clear definition of the operational im-

heavily dependent on the validation results gfrovement sought and an understanding of the

the display of weather and hazardous terrain.
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current baseline performance are required to dédwe FAAs efforts in accomplishing the FFP1
cide which capabilities to pursue and which soluasks. Some members of the R,E&D Advisory
tions are tenable. In a concurrent and related aCommittee and its subcommittees are also mem-
tivity, operational analysis will be conducted andbers of the RTCA Free Flight Steering Committee
performance measures will be developed to deteand Select Committee. This dual membership
mine which steps are achievable and affordablshould provide the recommended R,E&D Advi-
The activities pioneered by the System Capacigory Committee representation on committees
organization to define operational performancthat advise the Administrator on NAS Moderniza-
and value will be expanded as part of the contintion.

ing efforts of System Capacity, and performanc&Ommittee Recommendations on EY 2000

definition and measurement is a key step in con:
cept validation. E{ggg‘)D InvestmentgLetter dated May 24,

The clear articulation of the operational changeAs‘

to be made and the method by which they will bﬁ:ethCeloénpr::ttii_zrivii\?\,%% (f:zfx,fsﬂlt;!:mrre%etllr;%

measured will aIIo_vv the FAA 1o develop clear2 00-2004 R,E&D Investment portfolio with spe-
performance baselines for capabilities as Opposgd, emphasié on FY 2000. The Committee pro-

to constituent systems. The baseline will aIIOVV/ided feedback to FAA in a May 24 letter from

tr_a_c_king of all aspects to the delivery of NEW Capdna committee Chairman Mr. Ralph Eschenbach
bilities, such as systems, procedures, training, affl s ymjinistrator Jane Garvey. The FAA will con-
airspace adaP‘.a.“O”- Th_e ARA_performarj_cg pl.a&[.]der these recommendations as it finalizes its
goal 6 is the initial step in tracking capabilities IS EeD budget and respond to the Committee on
this fashion. these recommendations between January and
Recommendation #5:The Administrator should April 1999.

make sure that she is aware of the recommenda- : ) .
tions of the R,E&D Advisory Committee andq@ecommendatlon #1: FAA should bring together,

other existing advisory committees, possibly bin a sing_le orga_nization within FAA, all aspects of
direct representation of these comr’nittees on t¥he I\_Ia_lt_lonal Awsp_ace System_ (NAS)—R,E&D,
NAS Modermization Task Force l&%qy!smpn, operation and maintenance (_but not
' certification)—headed by a person reporting di-
Response The FAA established the NAS Mod-rectly to the Administrator. A small system team
ernization Task Force to advise the Administrataiesponsible for planning the evolution of the NAS
on the next steps necessary to NAS Modernizahould directly support this person. The system
tion. The task force began its work in Novembeieam should be made up of the best and brightest
1997 and held its last meeting in January of thisom both the operational and developmental
year, having completed its requested task. It reparts of FAA. Other organizations and agencies
ommended that the FAA concentrate its moderwwan support this activity, but the responsibility
ization efforts on a subset of the proposed NA8nhd leadership must remain within FAA. The
Architecture and delay work on other parts untiCommittee emphasizes that strong, credible FAA
this first subset was accomplished. The reconeadership is mandatory for success. Such leader-
mended subset, labeled Free Flight Phase ship must include the willingness to make deci-
(FFP1), consists of the following systems andionswhen consensus cannot be achievitere
controller tools: Passive Final Approach Spacingontinues to be a need to strengthen the number
Tool; Traffic Management Advisory Single Cen-and competence of FAA's internal staff. Only with
ter; Controller Pilot Data Link; User Requesi strong internal capability can FAA make good
Evaluation Tool; Collaborative Decision-makinguse of outside support contracts.
with Airline Operations Centers; and Surfac

' ‘Recommendation #2Free Flight Phase 1 should
Movement Advisor.

be only the first step in a multi-step process. The
Subsequently, the FAA has requested the RTCGApid movement toward the full implementation

Free Flight Steering Committee and its Freef the operational concept and the new architec-
Flight Select Committee to provide oversight ofure is essential for the evolution of the NAS and
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the continued leadership of the United States Recommendation #5:For many R&D areas,
the emerging global transportation system. Cothere is significant R&D work being done in other
tinued R&D effort will be required to achieve re-nations, usually with public support. FAA must
duced separation standards in all domains and systematically identify such R&D efforts and
creased terminal and airport capacity to meet tlgather the outcomes, as they become available.
growth projections of the next decade. The FAAhis will minimize duplication of effort and facil-
weather program has developed a number ithte subsequent harmonization in appropriate
weather products, which can provide significaniatters.

benefits to aircraft operations. The FAA should , _

move aggressively to effect an operational déi€commendation #6:FAA needs to rebuild and
ployment of these products, with emphasis opirengthen its leadership role in international avia-

making them available to aircraft in flight. tion. A mismatch in ATM approaches regionally

_ ) around the world will require international air-
Recommendation #3:FAA needs to address thec att 1o have multiple systems on board their air-

cert_ifica_tion process issue_energeti_c_ally_, as it IS @aft. We cannot allow this to happen.

pacing item in NAS evolution. Certification must

be end-to-end (ground and air) across the NAS. Recommendation #7: FAA needs to pursue
Recommendation #4: Given the Administra- R&D partners, who benefit from the R&D that
tion's requested budget level, the Air Traffic SerEAA conducts and can partially or fully fund the
vices’ (ATS) budget of $50.1 million has the righf?&P effort. The FAA should systematically and
program balance. However, the following R&D'€ularly review each of its present and prospec-
areas are not adequately funded in the $50.1 milv€ research project descriptions to determine the
lion ATS program. In fact, the ADS-B project, an&ior private ar_ld public agency beneficiaries _of
comerstone of the NAS modernization has bedfe R&D work either underway or proposed. This
zeroed! We feel it isrucial that these projects be Will identify likely R&D “partners.” The value of

restored. the benefits for each such party should be esti-
mated competently, and a proposal for joint fund-
Area Additional Funding Required: ing of each R&D effort should, then, be devel-
ADS-B $2.5 million oped. In the course of estimating the value of the
o o benefits available to a prospective partner (an ap-
Aviation Weather $2.8 million propriateness analysis), FAA will find some in-
Flight System Technology ~ $0.8 million stances in which such benefits exceed the cost re-
En route Automation $9.0 million quired to achieve the R&D results -- often by a
' substantial amount. Such cases are candidates for
NAS Management $3.0 million the transfer of perhaps all the costs of such R&D
Total $18.1 million to the other parties, thus enabling FAA to use its

own resources to pursue R&D which, otherwise,
would not be undertaken.
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APPENDIX B
NAS AVIATION RESEARCH PLAN PERFORMANCE DATA SECTION

The following tables are based on data extractd@ble B-2 identifies FY 2000 initiatives and
from the FAA performance plan and represengojects that support FAA focus areas. The focus
Government Performance and Results Ad@reas are specific problem areas the FAA will ad-
(GPRA) data specific to the R,E&D program. _dress regarding the three performance goals des-
ignated by the FAA.

Table B-1 shows how the FY 2000 R,E&D budgetaple B-3 links R,E&D program chapters to spe-
request will be allocated toward accomplishingific performance indicators, which are derived
the performance goals. from the performance plan prepared for the FAA.

Table B-1. FY 2000 R,E&D Budget Request Allocation

> cS
2 [5E-% [Ss £28=
o — —
3 Sc2s |88 SE2Ee g
= >0 2w 0's gjo_w-arts:;
< TEgS®  |Esc ZESES Y
o =87 E£Sg sggoxe
&) Et‘?hE Eco® %;8-‘2@@
o SLEE  |Ted ESEDER
| TR w £ Logs=>g
= ET8E =5 al,28
= 8380 =3 EoSPag
P 92382 55 Lgseg”®2
B »8 & |8F 2cs3
[%5] 2] < 2\
)
Program Area/Program Budget Request
Al System Development and Infrastructure 18,043 2,902 411 14,601
A2. Capacity and Air Traffic Management Technology 85,421 36,290 0 48,900
A3. Communications, Navigation, and Surveillance 16,939 4,196 0 12,624
Ad. Weather 15,722 8,145 0 7,567
A5. Airport Technology 7,516 2,761 0 4,719
A6. Aircraft Safety Technology 36,127 35,968 0 0
AT. System Security Technology 51,235 0 51,235 0
A8. Human Factors (HF) and Aviation Medicine 24,089 23,026 0 900
A9. Environment and Energy 3,641|| *see the note
below
A10. Strategic Partnerships 3,267 1,296 1,296 647
Total 262,000 115,459 52,942 89,958

* Environment and Energy funding supports the FAA, enabling environmental goals of understanding aerospace environmental impacts
and reducing them.
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Table B-2. Safety Focus Areas and Related R,E&D Projects

FOCUS AREA

R,E&D PROJECTS

Safety Information Sharing and Analysis. To reduce the aviation fatal accident rate
by 80 percent, the FAA must become more than a regulator and enforcer. The
agency must also be a partner with an aviation community that itself seeks to identify
and address the root causes of aviation accidents. The Administrator's Safety
Agenda discusses the attributes of this root-cause analysis. Voluntary sharing of
safety information is fundamental to it. Protecting information and its sources is
needed to gain voluntary disclosure. Thus, FAA must balance its enforcement activi-
ties with the need to share information in order to achieve maximum safety improve-
ments. Traditional methods of reacting to each accident with new regulations to
prevent its re-occurrence are no longer enough. The data now available from flight
recorders, maintenance reports, and other sources can be used to analyze opera-
tions and develop procedures or regulations to prevent accidents before they occur.

* Aviation Safety Risk Analysis
* Flight Deck/Maintenance/Systems Integration
* Human Factors

Surveillance/lnspection. While partnership, information sharing, and addressing
human factors are keys to improving safety, FAA must also get the maximum benefit

possible from its surveillance and inspection programs. This means working with oth-

ers on inspection and surveillance and targeting FAA resources where they will do
the most good. The Administrator’s Safety Agenda seeks to build on several recent
initiatives in which feedback is a unifying element, including the Air Transportation
Oversight System (ATOS), the Air Carrier Certification Standardization and Evalua-
tion Team, and the Aircraft Certification Safety Evaluation Program (ACSEP).

* Aviation Safety Risk Analysis
* Flight Deck/Maintenance/Systems Integration
* Human Factors

Accident Prevention. Based on detailed root-cause analysis, FAA seeks to work
with the aviation community to prevent accidents through appropriate targeted, sys-
tematic interventions. The Administrator's Safety Agenda highlights three broad initi-
atives, each addressing several issues that will change over time. The Airline
Initiative addresses uncontained engine failures, runway incursions, controlled flight
into terrain (CFIT), loss of control, weather, and flight deck human factors. The Gen-
eral Aviation Initiative addresses CFIT, weather, runway incursions, loss of control,
and decisionmaking. Finally, the Cabin Safety Initiative addresses passenger seat-
belt use, carry-on baggage, child restraints, and passenger interference.

* Runway Incursion Reduction

« Cockpit Technology (TCAS)

* Aviation Weather Research

* Juneau, AK (windshear detection and forecast)

» Communications (Data Link Communications/
Flight Information Services)

+ Aviation Human Factors

* General Aviation and Vertical Flight Technology
Program

« Safe Flight 21

« Surveillance (Automatic Dependent Surveillance-
Broadcast and Cockpit Display of Traffic Infor-
mation

+ Aircraft Safety Technology Research Program

* Airport Technology Research Program (airport
movement area markings, signs, and lighting
and wildlife hazard mitigation research)
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Table B-3. Security Focus Areas and Related R,E&D Projects

FOCUS AREA

R,E&D PROJECTS

New Security Baseline. FAA's approach to aviation security has
long been to establish a solid baseline level of security at airports
throughout the Nation, then to address key vulnerabilities that
remain. The White House Commission stressed the need to con-
tinue to improve the baseline security system for civil aviation.

* Explosives and Weapon Detection
« Aircraft Hardening

Performance and Procedures. Maximize human factors—the
performance capability of people working in the aviation system is
critical to raising the aviation security baseline. This is done by
constantly testing all parts of the aviation security system, improv-
ing the quality of its components, and assessing vulnerabilities that
the system may not fully protect.

+ Aviation Security Human Factors

Information Security Architecture. A security architecture is
presently being defined for implementation as part of the National
Airspace System (NAS) modernization. The information security
architecture will specify the framework, policies, concepts of oper-
ation, and security engineering methodologies to minimize the vul-
nerability of NAS information to loss, misuse, or unauthorized
access. Security vulnerability and risk assessments of the major
systems will be completed to assist each NAS element to identify
all significant potential security threats.
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Table B-4. System Efficiency Focus Areas and Related R,E&D Projects

Focus Areas

R,E&D PROJECTS

Systems Integration. Department of Transportation organizations, includ-
ing FAA, along with Federal, state, local, and private organizations, all help
improve transportation system efficiency. Only close communication and
integration of efforts will lead to efficient transportation. Thus, when FAA's
Research and Acquisition organization oversees development of a new
technology, the Air Traffic Services organization must recognize the need for
it and train and prepare its personnel to use it. When a new airport runway is
built, lighting, approaches, and radar coverage must be provided so that the
runway can be used. Airports must be well linked to local surface transporta-
tion and local transportation planning. Information technology architectures,
including system security, telecommunications, and others, must be inte-
grated under the NAS Architecture. More recently, there are opportunities to
integrate commercial space transportation and aviation by having aircraft
land at spaceports, using the Global Positioning System (GPS) to locate the
position of space vehicles, and even, in the future, having space vehicles
land and take off from commercial airports. This will require close coordina-
tion among FAA's Research and Acquisition, Air Traffic Services, and Com-
mercial Space Transportation offices to support developing an integrated air
and space traffic management system.

« Safe Flight 21

* Operational Concept Validation

* Center for Advanced Aviation System Development

« System Capacity, Planning and Improvements

« Airport Technology Research Program (airport planning
and design)

* AT/AF Human Factors

Free Flight. Free Flight is a safe and efficient flight operating capability
under instrument flight rules in which the operators have the freedom to
select their paths and speeds in real time. air traffic restrictions are only
imposed to ensure separation, to preclude exceeding airport capacity, to
prevent unauthorized flight through special use airspace, and to ensure
safety of flight. Restrictions are limited in extent and duration to correct the
identified problem. Any activity that removes restrictions represents a move
toward Free Flight.

« Traffic Flow Management

« System Capacity, Planning and Improvements

« Safe Flight 21

* Operations Concept Validation

» Communications (Data Link)

* Navigation (GPS, WAAS, and LAAS)

* Surveillance (ADS-B)

* Center for Advanced Aviation System Development

* General Aviation and Vertical Flight Technology Program

NAS Modernization. The existing air traffic system must be updated, and
problems such as Year-2000 compliance must be addressed. Opportunities
such as those presented by information technology must be realized. Devel-
oping an efficient aerospace system requires describing the system to be
built and how it meets aerospace needs. The NAS Architecture continually
updates the system description.

* Center for Advanced Aviation System Development
« System Capacity, Planning and Improvement

* Operations Concept Validation

* Navigation (GPS, WAAS, and LAAS)

« Software Engineering R&D
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By 2007, reduce the U.S. aviation fatal accident rate per aircraft
departure, as measured by a 3-year moving average, by 80 percent from
the 3-year average for 1994-96. Interim Goal: By 2000, reduce

aviation fatal accident rate by 15 percent of baseline levels.
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By 2007, reduce the aviation fatal accident rate by 80 percent
of baseline levels primarily attributed to human error.

By 2007, reduce the aviation fatal accident rate by
80 percent of baseline levels primarily
attributed to elements in production systems, certification.

By FY 2000, enhance the AVR surveillance
program to utilize risk management models
and tools to forecast, identify, and target areas.

By FY 2002, increase the participation of industry
in AVR partnership programs by
20 percent over the 1996 level.

By 2007, reduce by (x percent) the rate of airport accidents/incidents

(i.e., accidents/incidents in which an aircraft leaves the pavement or in which
Aircraft Rescue and Fire Fighting responds) from baseline

levels that result in injury to persons or damage to aircraft.

By FY 2000, reduce the rates of operational errors and
operational deviations by 10 percent from the 1994 baselines.

By 2005, ensure human factors issues are addressed
in the acquisition and integration of 100 percent new
and modified FAA aviation systems, including Free Flight Phase 1.

In FY 2000, reduce the total number of runway incursions
by 15 percent from the CY 1997 baseline.
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X percent improvement from the 1998 baseline by
2000 in detection of improvised explosive
devices and weapons in carry-on baggage
with no significant increase in operational impact.

X percent improvement from the 1998 baseline by
2000 in detection of improvised explosive
devices and weapons carried on the person

with no significant increase in operational impact.

Increase the percentage of selected passengers’

checked bags screened with explosives detection systems

from the 1999 baseline by 2001 while maintaining x percent detection
of improvised explosive devices.

X percent increase from the 1999 baseline by 2001 in the system’s
ability to sustain compliance with security requirements.

Convene aviation security consortia at 134 airports and provide tools and
assistance to airports that voluntarily maintain consortia.

By 2001, increase by 20 percent from the 1999 baseline the number of FAA
facilities accredited as fully meeting security standards.

Improve cargo security by x percent from the 1997 baseline in detecting
improvised explosive devices in small packages accepted
by air carriers from unknown shippers for air transportation.
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(SD Decrease system delays.
ol ° =
it
= By FY 2000, reduce the rates of volume- and equipment-
ol o ° ° ° related delays by 20 percent from the 1994 baseline.
Demonstrate the capability of new systems to decrease the
rate of delays due to weather by 10 percent by, 2002 relative
b to a historically significant delay rate baseline.
Increase system capacity attributable to airport infrastructure
at the 50 busiest airports by 0.5 percent annually by 2000
i from the 1998 baseline.
Maintain 93 percent of runway pavement in good or
fair condition at all NPIAS airports by year 2002
g from the 1998 baseline.
Increase system flexibility.
° ° ° °
By FY 2000, reduce the amount of extra flight-plan miles
° ° ° ° associated with ATC-preferred routes by
10 percent from the 1994 baseline.
By FY 2000, increase the percentage of flight segments
° ° ° ° flown off of ATC-preferred routes to over

80 percent from the 1996 baseline.
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APPENDIX C

ALPHABETICAL LISTING OF NAS AVIATION RESEARCH PLAN

BUDGET LINE ITEMS

Budget Program Item Page
Number

Advanced Materials/Structural Safety A06b 2—-69
Aeromedical Research AO08c 2-127
Aging Aircraft AO6e 2-82
Air Traffic Control/Airway Facilities Human Factors A08b 2-122
Aircraft Catastrophic Failure Prevention Research AO06f 2-86
Aircraft Hardening A07d 2-108
Airport Security Technology Integration AO07b 2-101
Airport Technology AO5a 2-57
Aviation Safety Risk Analysis A06g 2-89
Aviation Security Human Factors AOQ7c 2-105
Center for Advanced Aviation System Development (CAA$D) AOlc 2-150
Cockpit Technology A02d 2-19
Communications AO03a 2-37
Environment and Energy AQ09a 2-135
Explosives and Weapons Detection AO7a 2-97
Fire Research and Safety AO6a 2-65
Flight Safety/Atmospheric Hazards Research A06d 2-78
Flight-Deck/Maintenance/System Integration Human Factors AO8a 2-118
General Aviation & Vertical Flight Technology Program AO02e 2-22
Navigation AO03b 2-41
Operations Concept Validation A02g 2-30
Propulsion and Fuel Systems AO6cC 2-73
Runway Incursion Reduction A02b 2-10
Safe Flight 21 (Flight 2000) AO2f 2-27
Software Engineering R&D A02h 2-33
Strategic Partnerships AlOa 2-153
Surveillance A03c 2-45
System Capacity, Planning and Improvements AO02c 2-14
System Planning and Resource Management AOla 2-143
Traffic Flow Management AO2a 2-6
Weather Program AO4a 2-48
William J. Hughes Technical Center Laboratory Facility AO1lb 2-147
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APPENDIX D

NUMERICAL LISTING OF NAS AVIATION RESEARCH PLAN PROJECTS

Project Number Project Title Budget
ltem

011-130 System Planning and Resource Management AOla
011-140 William J. Hughes Technical Center Laboratory Facility AO1b
011-160 Center for Advanced Aviation System Development (CAASD) AOlc
021-110 Traffic Flow Management AO2a
021-200/250 Runway Incursion Reduction A02b
024-110 System Capacity, Planning and Improvements A02¢]
022-110 Cockpit Technology A02d
022-142 General Aviation and Vertical Flight Technology Program AO02e
025-150 Safe Flight 21 (formerly ‘Flight 2000’) A02f
028-110 Operations Concept Validation A02g
028-130 Software Engineering R&D AO02h
031-110/111 Communications AO3a
032-110 Navigation AO03b
033-140 Surveillance AO3c
041-110 Weather Program AO4a
051-110/120/ Airport Technology AO5a
121/130
061-110 Fire Research and Safety AO6a
062-110/111 Advanced Materials/Structural Safety A06b
063-110 Propulsion and Fuel Systems AO6¢c
064-110/111 Flight Safety/Atmospheric Hazards Research A06d
065-110 Aging Aircraft AO6e
066-110 Aircraft Catastrophic Failure Prevention Research AO6f
060-110 Aviation Safety Risk Analysis A06g
071-110 Explosives and Weapons Detection AQ7a
073-110 Airport Security Technology Integration AO07b
076-110 Aviation Security Human Factors AQ7c
075-110 Aircraft Hardening A07d
081-110 Flight-Deck/Maintenance/System Integration Human Factors AO8a
082-110 Air Traffic Control/Airway Facilities Human Factors A08b
086-110 Aeromedical Research A08c
091-110/111/113| Environment and Energy AQ9a
101-210 Strategic Partnerships Al0a

D-1
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A
AA-COE
AANC
AC
ACAS
ACD
ACI-NA
ACR
ACSEP
ADF
ADL
ADS
ADS-B
AEAP
AF
AFSS
AGATE
AGFS
AlIA
AIAA
AIDC
AIP
ALPA
AMASS
AOAS
AOC
AOPA
APANPIRG

APEC
APMS
AQP
ARAC
ARDAT
ARTCC
ARTS
ASAC
ASDE

1999 FAA NATIONAL AVIATION RESEARCH PLAN

APPENDIX E
ACRONYMS AND ABBREVIATIONS

Airworthiness Center of Excellence
Aging Aircraft Nondestructive Inspection Validation Center
Advisory Circular
Airborne Collision Avoidance System
Automatic Conflict Detection
Airports Council International-North America
Avionics Computer Resource
Aircraft Certification Systems Evaluation Program
Airline Dispatchers Federation
Aeronautical Data Link
Automatic Dependent Surveillance
Airport Surveillance Radar Broadcast
Aviation Effects on the Atmosphere Project
Airway Facilities
Automated Flight Service Station
Advanced General Aviation Transport Experiment
Aviation Gridded Forecast System
Aerospace Industries Association
American Institute of Aeronautics and Astronautics
Air Traffic Data Communications
Airport Improvement Program
Airline Pilots Association
Airport Movement Area Safety System
Advanced Oceanic Automation System
Airline Operations Center
Aircraft Owners and Pilots Association

Asia Pacific Air Navigation Planning and Implementation Regional
Group

Asia Pacific Economic Cooperation

Automated Performance Measurement System

Advanced Qualification Program

Aviation Regulatory Advisory Committee

Air Traffic Management Research and Development Agenda Team
Air Route Traffic Control Center

Automated Radar Terminal System

Aviation Security Advisory Council

Airport Surface Detection Equipment
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ASDI
ASR
ASRA
AST
ASTI
ASTI
ASTM
ATA
ATC
ATCA
ATCBI
ATCS
ATCSCC
ATM
ATN
ATNSI
ATOS
ATS
ATSP
AVGAS
AWC
AWIN
AWT

C

C3l
CAA
CAASD
CAEP
CAMI
CAPS
CASR
CBT
CDM
CDTI
CFC
CFIT
CIA
CIP
CIS
CMAS
CNS

Aircraft Situational Display for Industry
Airport surveillance radar

Aviation Safety Risk Analysis

Advanced Subsonic Technology

Airport Security Technology Integration
Airport Security Technology Integration
American Society on Testing and Materials
Air Transport Association

Air Traffic Control

Air Traffic Controllers Association

Air Traffic Control Beacon Interrogator

Air Traffic Control Specialist

Air Traffic Control System Command Center
Air Traffic Management

Aeronautical Telecommunications Network
ATN Systems, Inc.

Air Transportation Oversight System

Air Traffic Services

Air Traffic Service Plan

aviation gasoline

Aviation Weather Center

Aviation Weather Information

Area Work Team

Command, Control, Communications, And Information
Cargo Airlines Association

Center for Advanced Aviation System Development
Committee on Aviation Environmental Protection

Civil Aeromedical Institute

Computer-assisted Passenger Screening

Center for Aviation Systems Reliability
Computer-Based Training

Collaborative Decision Making

Cockpit Display of Traffic Information
chlorofluorocarbon

Controlled Flight Into Terrain

Central Intelligence Agency

Capital Investment Plan

Cockpit Information System

Center for Computational Modeling of Aircraft Structures
Communication, Navigation, and Surveillance



COE
COE-AWA
CONOPS
COTS
CPDLC
CRC
CRCT
CRDA
CTAS

D
D-ATIS
DARPA
DME
DOD
DOE
DSR
DSS
DSSS
DT&E

E

EAA
EARTS
EDD

EDM

EDS
EEHWG
EMS

EPA

ETA

ETC
EUROCAE
EUROCONTROL

F&E
FAA
FANG
FANS
FAR
FAST
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Center of Excellence

Center of Excellence in Airworthiness Assurance
operational concept

Commercial-Off-the-Shelf

Controller-pilot Data Link Communications
Coordinating Research Council

Collaborative Routing Coordination Tool
Cooperative Research and Development Agreement
Center TRACON Automation System

Digital Air Traffic Information Service
Defense Advanced Research Project Agency
Distance Measuring Equipment

Department of Defense

Department of Energy

Display System Replacement

Decision Support System

Decision Support System Services
Developmental Test and Evaluation

Experimental Aircraft Association
Enroute Automated Radar Tracking System
Explosives Detection Device
Expert Decisionmaking
Explosives Detection System
Electromagnetic Effect Harmonization Working Group
Emergency Medical Service
Environmental Protection Agency
Estimated Time Of Arrival
Engine Titanium Consortium
European Organization for Civil Aviation Equipment
European Organization for Safety of Air Navigation

Facilities and Equipment
Federal Aviation Administration
FMS-ATM Next Generation
Future Air Navigation System
Federal Aviation Regulation
Final Approach Spacing Tool
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FEM
FFP1
FFSC
FICAN
FIS
FIT
FMCW
FMS
FOC
FRED
FSD
FSM
FSS
FTE
FTHWG
FVS
FY

GA
GA&VF
GAMA
GAO
GDP
GICB
GIP
GNSS
GPRA
GPS
GWS

HAI

HIC
HIRF
HOCSR
HSCT
HSI

HSI
HUMS

Finite Element Model

Free Flight Phase 1

Free Flight Steering Committee

Federal Interagency Committee on Aviation Noise
Flight Information Service

Florida Institute of Technology

Frequency Modulated Continuous Wave

Flight Management System

Full Operating Capability

FAA Research and Development Electromagnetic Data Base
Full Scale Development

Flight Schedule Monitor

Flight Service Station

Full Time Equivalent

Flight Test Harmonization Working Group
Functional Verification System

Fiscal Year

General Aviation

General Aviation and Vertical Flight
General Aviation Manufacturers Association
General Accounting Office

Ground Delay Program

Ground Initiated Communications-B
Government and Industry Partnership
Global Navigation Satellite System
Government Performance and Results Act
Global Positioning System

Graphic Weather Service

Helicopter Association International

Head Injury Criteria

High-intensity Radiated Fields

Host Oceanic Computer System Replacement
High-speed Civil Transport

Human Systems Integration

Human Systems Integration

Health/Usage Monitoring System



IACSE
IAIMT
IAIPT
IATA
ICAO
ICP
IDACS
IDM
IEEE
IFR
IGEB
ILS
IMD
I0C
IOT&E
IPHWG
IPT
IRS
ITWS

JAA
JRC

L
LAAS
LVLASO

M
MANPADS
MASPS
MCDC
MMR
MOA
MOPS
MOU
MSODL

N
NARP
NAS
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Interagency Advisory Committee on Security Equipment
Inter-Agency Integrated Management Team
Inter-Agency Air Traffic Management Integrated Product Team
International Air Transport Association

International Civil Aviation Organization

Initial Conflict Probe

Intelligent Damage Adaptive Control System

Integrated Design And Manufacturing

Institute of Electrical and Electronics Engineers
Instrument Flight Rules

Interagency GPS Executive board

Instrument Landing System

Integrated Mechanical Diagnostic

Initial Operating Capability

Independent Operational Test and Evaluation

Ice Protection Harmonization Working Group

Integrated Product Team

Internal Revenue Service

Integrated Terminal Weather System

Joint Aviation Authorities
Joint Resources Council

Local Area Augmentation System
Low Visibility Landing and Surface Operations

Man Portable Air Defense Systems

Minimum Aviation System Performance Standards
Modified Condition/decision Coverage
Maintenance Malfunction Reporting

Memorandum of Agreement

Minimum Operational Performance Standards
Memorandum of Understanding

Multi-sector Oceanic Data Link

National Aviation Research Plan
National Airspace System
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NASA
NASAO
NATA
NATCA
NATO
NAWCAD
NBAA
NCARC
NDB
NDI
NEXRAD
NHTSA
NIMS
NIOSH
NIST
nmi
NOAA
NOTAM
NPRM
NRP
NRS
NSTB
NSTC
NTSB
NWS

O

O&M
OAP
OAS
OMB

P3|
PAST
PBO
PCCIP
PDC
PFAST
PIP
PIREP
POET

National Aeronautics And Space Administration
National Association of State Aviation Officials
National Air Transportation Association

National Air Traffic Controllers Association
North Atlantic Treaty Organization

Naval Air Warfare Center Aircraft Division
National Business Aircraft Association

National Civil Aviation Review Commission
Non-Directional Beacon

Non-Developmental Items

Next Generation Weather Radar

National Highway Traffic Safety Association
NAS Infrastructure Management System
National Institute of Occupational Safety and Health
National Institute of Standards and Technology
nautical miles

National Oceanic and Atmospheric Administration
Notice to Airmen

Notice of Proposed Rulemaking

National Route Program

National Resource Specialist

National Satellite Test Bed

National Science and Technology Council
National Transportation Safety Board

National Weather Service

Operations and Maintenance
Oceanic Automation Program
Oceanic Automation System
Office of Management and Budget

Pre-Planned Product Improvement
Program Analysis/Section Tool
Performance-based Organization

President’s Commission on Critical Infrastructure Protection

Predeparture Clearance

passive Final Approach Spacing Tool
Program Implementation Plan

Pilot Report

Post Operations Evaluation Tool



PPBM
PPIHWG

R

R&D
R,E&D
RAA
REDAC
RF
RIAT
RIRP
RMM
RVR
RVSM

S
SAE
SAIC
SAMA
SARP
SATORI
SBIR
SC
SDTF
SEIPT
SERC
SFP
SIC
SICAS
SID
SIR
SITA
SLD
SMA
SMPC
SNI
SOIT
SPAS
SPEARS
SPIE
SSTP
STARS
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Positive Passenger Baggage Matching
Powerplant Installation and Harmonization Working Group

Research and Development

Research, Engineering and Development
Regional Airline Association

R,E&D Advisory Committee

Radio Frequency

Runway Incursion Action Team

Runway Incursion Reduction Program
Remote Maintenance Monitoring

Runway Visual Range

Reduced Vertical Separation Minima

Society of Automotive Engineers

Science Applications International Corporation

Small Aircraft Manufacturers Association

Standards and Recommended Practices

Systematic Air Traffic Operations Research Initiative
Small Business Innovative Research

Special Committee

Surface Development and Testing Facility

Security Equipment Integrated Product Team

Software Engineering Resource Center

Surveillance Fusion Platform

Standard Industrial Code

Secondary Improvements and Collision Avoidance System
Supplemental Inspection Document

Screening Information Request

Société Internacionale de Télécommunications Aéronautique
Supercooled Large Droplets

Surface Movement Advisor

Specialty Metals Processing Consortium

Simultaneous Non-interfering

Satellite Operational Implementation Team

Safety Performance Analysis System

Screener Proficiency Evaluation and Reporting System
International Society for Optical Engineers

System Security Technology Program

Standard Terminal Automation Replacement System
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STDMA
SUA

T
TAP

TCA
TCAS
TDLS
TERPS
TFM

TIS

TMA
TMS
T™MU
TOGAA
TRACON
TWIP

U

U.K.
U.S.
U.S.C.
UHF
UPS
URET
USAF
USN

VHF
VNTSC
VOR

WAAS
WARP
WFD
WJIHTC
WSDDM
WVSS

Self-organizing Time Division Multiple Access
Special Use Airspace

terminal area productivity
Transport Canada Aviation
Traffic Alert and Collision Avoidance System
Tower Data Link System
Terminal Instrument Procedures
Traffic Flow Management
Traffic Information Service
Traffic Management Advisor
Traffic Management System
Traffic Management Unit
Technical Oversight Group On Aging Aircraft
Terminal Radar Approach Control
Terminal Weather Information for Pilots

United Kingdom

United States

United States Code

ultra high frequency

United Parcel Service

User Request Evaluation Tool
United States Air Force
United States Navy

very high frequency
Volpe National Transportation Systems Center
very high frequency omnidirectional range

Wide Area Augmentation System

Weather and Radar Processor

Widespread Fatigue Damage

William J. Hughes Technical Center
Weather Support to Deicing Decision Making
Water Vapor Sensing System
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AAR
ABA
ACR
ACS
AFS
AGI
AHR
AIR
AND
AOZ
APA
API
ARA
ARC
ARP
ASC
AST
ASY
ATS
AVR
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Year 2000

FAA ORGANIZATIONS

Aviation Research

Financial Services

Civil Rights

Civil Aviation Security

Flight Standards

Government and Industry Affairs

Human Resource Management

Aircraft Certification

Communications, Navigation, and Surveillance Systems
Free Flight Phase One

Public Affairs

Policy, Planning and International Aviation
Research and Acquisition

Region/Center Operations

Airports

System Capacity

Commercial Space Transportation
System Safety

Air Traffic Services

Regulation and Certification
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