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Welcome to the 25th DASC

Paul J. Kostek
The Boeing Company

(DASQ)! This marks the 25th anniversary of the joint AIAA DATC (Digital Avionics

Technical Committee) — IEEE AESS (Aerospace and Electronics Systems Society) Digital
Avionics Systems Conference.  This year we will be honoring those whose efforts made this
Conference possible. We've invited past Chairs o attend and | encourage you to take advan-
tage of this opportunity to meet and talk with these leaders of the avionics profession.

Welcome to the great Northwest and the 25th Digifal Avionics Systems Conference

Qur theme for this year is “Network-Centric Environment (NCE) and the Impact on Avionics and
Systems.” We'll be exploring how NCE is moving from a concept to implementation and the
impact it will have on aerospace /avionics companies, government agencies, and users. We'll
look at how NCE will impact avionics and systems development and use as well as how the
commercial, business, and general aviation markets will respond to this emerging operational
environment. We'll examine the impact it will have on Military and Defense communities,
what will original equipment manufacturers and suppliers have to do to respond fo this new
environment, and how NCE will change Air Traffic Control /Management operations.

Qur Technical Program will address the following topics and the impact of NCE:

Networked Communications Infrastructure
Aviation Security
Air Traffic Management
Communications/Navigation/Surveillance Systems
Unmanned Aircraft Systems
Flight Critical Systems
Synthetic Vision and Situation Awareness Systems
Health Management Systems
General Aviation Systems
Space Systems
Rotorcraft Systems
Human Factors
Open Systems Archifectures
Systems Engineering
Software Enginegring

The DASC continues to grow beyond North America, reflecting the globalization of the aero-
space,/avionics industry. One third of the attendees at last year's DASC came from outside
North America, with the best paper winner coming from Bulgaria. In today’s market place,
today’s competitors can be tomorrow’s parters. So take advantage of this opportunity to meet
and talk with engineers from around the world.

For the first time, the DASC comes to the Rose City and provides attendees with the oppor-
tunity o relive the explorations of Lewis and Clark, visit Mount St. Helens, and at a special
DASC function closing out the Conference, there'll be a reception at the Evergreen Aviation
Museum — home of the Spruce Goose. We'll even be showing the Howard Hughes biography
movie “The Aviator” on Wednesday night to get you ready for the Museum.

Thanks for attending and welcome to Portland.
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General Information

Welcome to Portland

The Hilton Portland & Executive Tower hotel lies in the heart of downtown city
center’s financial and entertainment districts and within blocks of Portland’s
hippest restaurants, upscale shopping, and area attractions. For the first time
the DASC comes to the Rose City and provides attendees with the opportunity
to relive the explorations of Lewis and Clark, visit Mt. St. Helens and through
a special DASC function to see the Spruce Goose, a unique and special
milestone in the development of manned aircraft.

The hotel is just minutes from the Rose Garden Arena, PGE Park, Oregon Zoo,
the Oregon Museum of Science and Industry, and Portland State University.

If you are looking to commute to/from the Portland International Airport or
heading out fo the Oregon Zoo, utilize the Max Light Rail located two blocks
from the hotel. The hotel is located in a FARE-LESS transit zone (“Fareless
Square”), so it's easy fo gef around on buses or Max. Max Blue Line or Red
Line trains run every 5-10 minutes.

Visit http://www.trimet.org/pdfs/farelesssquaremap.pdf for a copy of the
Fareless Square map.

Parking
The hotel offers self parking for $18 with in/out privileges and valet parking
at $23 with in/out privileges. Fee is subject fo change.

Message Center

There will be a message center at the DASC Registration Desk. When calling
the Hilton Portland & Executive Tower at 503-226-1611, ask for the DASC.
Messages will be taken and posted on the DASC Bulletin Board.

Breaks/Refreshments
Coffee, tea, water, and soft drinks will be available each day in the Exhibit
areq, complimentary to registered attendees.

Speakers Breakfast

On Tuesday, Wednesday and Thursday, breakfast will be held from 7:00-8:30
a.m. for the Technical Program speakers scheduled to present that day. This is
an opportunity to meet and plan for your session with your session chair. Only
authors scheduled to make their paper presentations that day are invited.

Special Event

Join us Thursday evening at the Evergreen Aviation Museum from 6:00 to
10:00. We'll have use of the entire Museum while docents provide tours of
the Museum’s collection. Besides the legendary Spruce Goose, the Museum
has an extensive collection of military, commercial, general aviation, and
space vehicles. We'll have food, wine, and music to make this a memorable
evening.

Buses will begin leaving the hotel at 5:00 p.m., returning at 10:00 p.m.
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Spouse’s Program

The spouses and guests of the conference attendees are invited to participate
in our Spouse’s Program. Sign up for this program at the DASC Registration
Desk upon arriving af the conference.

October 17-19 (Tvesday-Thursday) Breakfasts S25
Breakfasts will be held Tuesday, Wednesday, and Thursday mornings
at 8:15 a.m.

Tvesday City Tour/Orientation  10:00-3:00 S26
Tour Portland by bus, stopping for shopping and lunch on your own at Nob Hill

Wednesday ~ Garden Tour/Portland Spirit Lunch Cruise S65
Visit the Japanese Gardens and enjoy an hourlong guided tour. The Gardens
have five traditional garden styles, an authentic fea house, and a pavilion

to recapture the mood of ancient Japan. We will then walk through the
International Rose Gardens where there are over 8,000 different roses of
every color in the rainbow. From there, we will board the bus and travel to

the Portland Spirit dock for boarding, then sit back and enjoy a two-hour lunch
cruise on the Willamette River. You will view Portland’s skyline from a different
perspective, see beautiful homes on the river, and even pass a house that
once belonged to Tom Selleck. You may spot ospreys or a bald eagle as we go
along. Fee includes bus, guide, all other fees, and lunch.

Thursday (a.m.) Open Day (pick up a list of things to do on your own at
the Registration Desk)

Thursday (p.m.) Evergreen Museum — Home of the Spruce Goose $50
(See Special Event description.)

Friday Mount St. Helens Tour S55
View North America’s only volcanic preserve. A stop at Johnston Ridge will

let you see and lean what happened May 18, 1980 as well as give you
information about the lafer eruptions. It is also the closest visitor center to the
mountain and built like a bunker into the surrounding landscape. We will then
travel to the Forest Learning Center where information on the eruption, the
effect on the environment and Weyerhaeuser's effort to speed the recovery
process. While there, you can look down into the valley and see herds of elk.
Fee includes bus, guide, box lunch/drink, and all other fees.



25th

o~
DAST Week at a Glance
SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY
10/15/06 10/16/06 10/17/06 10/18/06 10/19/06
9:00 - 5:00 7:00 - 5:00 7:00 - 5:00 7:00 - 5:00 7:00 - 5:00
Registration Registration Registration Registration Registration
Open Open Open Open Open
8:00-11:00 8:00-11:00 8:30-12:00 8:30-12:00 8:30-12:00
Register for Tutorials Plenary Session Technical Technical
Conference Sessions MM Session Session
11:00 - 4:30 10:00 - 4:00
11:00- 1:30 11:00-1:30 Exhibits Open Exhibits Open
Open Lunch Lunch
11:30 - 2:30 11:30- 2:30
Tutorils Tutorils 12:00- 2:00 12:00- 2:00 12:00-2:00
Session SL Sessions ML Lunch in Awards Panel Lunch
Exhibit Hall Luncheon NCE Impact On
Avionic Systems
2:00 - 5:30 2:00 - 5:30 2:00 - 5:30
2:30- 3:00 2:30- 3:00 Technical Technical Technical
Break Break Session Session Session
3:00 - 6:00 3:00 - 6:00
Tutorials Tutorials
Session SA Session MA
Open Evening 6:00 - 8:00 pm 6:00 - 8:00 pm 6:00 - 10:00 pm Special Event
Exhibits Open Exhibits Reception 6:00-10:00 pm
in Exhibit Hall Movie Night
Social Event "The Aviator" Spruce Goose a
in Exhibit Hall Pizza and the Evergreen Aviation
Beverages Museum

October 15-19, 2006 ® Portland, Oregon
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25th DASC Committee

Paul Kostek
The Boeing Company

John R. Moore
Rockwell Collins

Denise S. Ponchack
NASA Glenn Research Center

Dr. Alan Tribble
Rockwell Collins

Tom Schnell
University of lowa

Glen T. Logan
American Systems

Gerard Drewek
General Dynamics

Ellis Hitt

Strategic Systems Solutions, Inc.

Jim Dieudonne
Federal Aviation Administration

Ed Perkins
Independent Consultant

Regina Hansen
The MITRE Corporation

Joe Banks
Empathik

Tony Rossetti
ALR International

Louise Pullins
Ohio University

Debby Evans
The MITRE Corporation-CAASD

GE Fanuc
Embedded Systems

Imagine what we
can do for you now.

If you could build the perfect embedded products company, it might be
something like the one we created by combining GE Fanuc Embedded
Systems, Condor Engineering and SBS Technologies—a company with the
experience, resources and courage to develop truly innovative products.
By creating this new company, we've taken a giant step toward our vision
of offering you the kind of products and services you've only dreamed of.

www.gefanucembedded.com

MICONDOR SBS

“« ENGINEERING Technologies.

FANUC Now a part of GE Fanuc Embedded Systems

© 2006 GE Fanuc Embedded Systems, Inc. All rights reserved.
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Protected from all elements,

including surprise.

Flight is a modern miracle. It allows us to travel the globe in a safe and comfortable setting. Unfortunately,
there are those who threaten the safety of innocent passengers. In today’s environment, a missile can bring
down an aircraft in an instant. That's why Northrop Grumman has developed the Guardian™ Directional
Infrared Countermeasures System [DIRCM) for commercial application. We have more than 40 years'
experience protecting lives and aircraft. With Guardian™ onboard we'll all be able to sleep more soundly.

WAL ﬂﬂI‘th:I"l.'Jpl_.'_]F‘lllT‘llTlElrl.l.".l'll'l'l
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Plenary Session, Tuesday 8:30-12:00

Lecture title to be determined

Since November 2002, Kenneth Cureton has been a Senior Engineering Manager for
Strategic Architecture, a business area of The Boeing Company that is responsible for
developing o Boeing-wide strategic communication and information architecture; for
deploying this architecture in all Boeing systems; and for certifying that all Boeing
systems interoperate. Strategic Architecture is part of Boeing Infegrated Defense
Systems. In his current role, Cureton manages Strategic Architecture development
efforts, including systems engineering and ongoing development of a common
interoperable, network-centric architectural reference model (known as the Strategic
Architecture Reference Model or SARM) that is intended to be deployed across all
Boeing programs.

His prior Boeing assignments include leadership of the Control Segment Team for GPS
Block Ill, the next-generation of Global Positioning Satellites, as well as prior leader-
ship of the systems architecture, systems engineering, design, production, infegration,
and test of navigation payload systems and software for GPS Block IIF. Other previous
assignments also include systems engineering, design, and analysis of various digital
avionics systems, components, and software for manned and unmanned spaceflight
systems including the Space Shuttle, Advanced Launch System (ALS), Single-Stage-To-
Orbit (SSTO) and Assured Crew Return Vehicle (ACRV: Space Station lifeboats).

Cureton holds a B.S. in physics from California State University, Los Angeles.

Vanessa Fong

"Information Needs in Flight Monitoring: A Tool in
Aviation Security"

Vanessa Fong is currently a director of The MITRE Corporation’s Center for Advanced
Aviation Systems Development (CAASD), responsible for Transportation Security. In
this capacity, Fong serves as MITRE's Aviation Security Lead, supporting JPDO’s (Joint
Planning and Development Office) mission in developing NGATS (the Next Generation
Aviation Transportation System). In addition, she represents JPDO in the development
of the National Strategy for Aviation Security (NSAS) and the Transportation System
Security Plan (ATSS) under the new Homeland Security Presidential Directive (HSPD).
Over the years, Fong led and contributed to many ATM modernization programs and
research projects at The MITRE Corporation. Prior to joining CAASD, Fong worked on
a wide spectrum of projects in other parts of MITRE including the artificial infelligence
center and the environment and energy center.

Fong holds a B. S. degree in Chemistry from the National Tsing Hua University,

Taiwan, a Master’s degree in Chemistry from the University of Wisconsin, and o sec-
ond Master’s degree in Computer Science from Johns Hopkins University.

8 25th Digital Avionics Systems Conference

Robert Pearce

“The Next Generation Air Transportation System - A
Network-Centric Environment”

Robert Pearce is a NASA executive serving as the Deputy Director of the FAA led Next
Generation Air Transportation System Joint Planning and Development Office. For the
past three years, he has been in a leadership position of the JPDO, at one time serving
eight months as the Acting Director. Prior to assuming the Acting Director position and
for the past two years, Pearce served as the Deputy Director of the office. The JPDO is
tasked with developing and implementing a national plan to transform the air transpor-
tation system to meet the long-term transportation needs of the nation.

Previously, Pearce was responsible for strategy and program development for NASA's
Aeronautics Research Mission Directorate. He led the Directorate’s strafegic manage-
ment efforts, developing the long-term direction for the total program, including invest-
ment strategy and the fechnical development of responsive programs. Pearce was a
leader in transforming NASA's aeronautics strategy, increasing directorate investment
and developing program strategies in critical areas such as aviation safety, aviation
system capacity, and small aircraft transportation.

Pearce holds a B.S. in Mechanical and Aerospace Engineering from Syracuse University
and an M.S. in Technology and Policy from the Massachusetts Institute of Technology.

Ken Reid

“Towards a Common Understanding — Implementing
the Network-Centric Environment in Europe”

Ken Reid is presently Head of the Aeronautical Information Management (AIM)
Division and the Chairman of the Aeronautical Information Services (AIS) Team of the
EUROCONTROL European Air Traffic Management Programme (EATMP). His current
responsibilities include the development and implementation of near-, medium- and
long-ferm policies AIS, Meteorology and System-wide Management (SWIM).

Reid is responsible for the EUROCONTROL AIM Strategy for the years 2000+ pub-
lished in 2000, which was adopted as European policy. The recently released second
edition has been used as the basis for the “From AIS to AIM — A Strategic Road Map
for Change” booklet published to coincide with the Global AIS Congress to provide o
basis for further engaged debate.

AIM is a new function of ATM/CNS that broadens the current scope of Aeronautical
Information. It encompasses the control of the origination, storage, refrieval,
exchange and delivery of digital Aeronautical Information in an interoperable format
to meet the needs of Gate-to-Gate flight operations, from the strategic flight-planning
phase, through support to collaborative decision making, to the postflight archiving of
information.



25th Awards Luncheon,
DAST Wednesday, 12:00-2:00 p.m.

Euch year at the DASC, significant accomplishments of certain individuals in the field of digital avionics are recognized. At this year's conference, we will be

presenting the Distinguished Institution Award, The David Lubkowski Memorial for Advancement in Digital Avionics Best Paper Award™ for the 24th DASC, the

25th Best of Track, and Student Best Paper Awards. These awards will be presented at our annual awards luncheon held on Wednesday from 12:00 noon fo
2:00 p.m.

The David Lubkowski Memorial Award for Advancement in Digital Avionics Best Paper Award

The Awards Committee of the Digital Avionics Technical Committee of the AIAA forms a selection committee made up of AIAA and IEEE members. This committee
selects the The David Lubkowski Memorial for Advancement in Digital Avionics Best Paper Award based on technical content, application to the real world, under-
standability, and effective presentation. The award is sponsored by The MITRE Corporation’s Center for Advanced Aviation System Development (CAASD).

This year's award will be presented by Vanessa Fong, Director of Joint Agency Transportation Security of The MITRE Corporation,/CAASD to:
“ISAR Image Reconstruction Technique with Stepped Frequency Modulation and Multiple Receivers”

Andon Dimitrov Lazarov Chavdar Nikoloev Minchev
Bourgas Free University, Bulgaria National Military University, Bulgaria

DASC’s 25th Anniversary Celebration
We are honored to have Tom Smith (AIAA) and Cary Spitzer (IEEE) as our luncheon speakers. They will be taking us back into DASC history, sharing memories,
and relating never-told before stories. There will be surprise awards and unique entertainment. Don’t miss this memorable 25th DASC anniversary celebration!

*Previously called the CAASD Best of Conference Paper Award. This award has been renamed in recognition of Dave Lubkowskis vifal work over many years in the development, logic verification
international standardization, and implementation of the Traffic Alert and Collision Avoidance System. During his entire 25 year CAASD career, Dave was instrumental in the advancement of many
avionics systems.

Objective Interface is a proud sponsor of the 25th Digital Avionics System Conference

When was the last
time you heard
"fast”, "safe"

and "secure”

to describe the
same product?

the world leader
in real-time
communications
middleware

ORESINE P(Sexpresss ORBexpreseh

October 15-19, 2006 ® Portland, Oregon 9




25th Digital Avionics Systems Conference

Alan Tribble
Rockwell Collins

to offer educational opportunities that are tailored to support this year's theme: Network-Centric Environment
and the Impact on Avionics and Systems.

|’ris my pleasure to welcome you to the Professional Educational Program for the 25th DASC. We are pleased

This year we are offering 21 separate tutorials, including 3 new ones. All tutorials are organized info fracks fo
allow attendees to easily identify those educational opportunities that align most closely with their areas of infer-
est. Most courses have been selected fo directly complement the topics that will be presented in the technical
program, from Avionics Design and Systems Engineering, to Net Centric Environment.

All DASC tutorials will provide a reakime inferactive discussion with the presenters, and have well-defined learn-
ing objectives and learning outcomes to help focus the course on the needs of attendee’s. DASC tutorials are
affordable and offer an excellent opportunity to lear directly from experts in the field. Again this year, we are
offering Continuing Education Units (CEU) for all courses. In short, no matter what your educational goals are,
the professional development program of the 25th DASC is sure to provide a valuable leaming experience.

We hope you will take full advantage of the educational program and will benefit both technically and profes-
sionally from your participation in the 25th DASC.

25th DASC Tutorial Schedule

Sunday, October 15th Monday, October 16th
11:30am - 2:30pm 3:00pm - 6:00pm 8:00am - 11:000m 11:30am - 2:30pm 3:00pm - 6:00pm

Other Topics The Modular Open RF Spectrum Digital Avionics Fault Tolerant Modern Avionics Avionics Design
Systems Approach In Management Systems Avionics Systems Architectures
Defense Acquisition
Instructor SL2: Logan SAZ: Hegarty MM2: Spitzer ML2: Hommet MAZ: Spitzer _
Other Topics National Airspace Multiple Independent Systems Engineering ~ The Software Defined
System (NAS) Redesign Levels of Security/Safety - for Net-Centric Radio (SDR) For
Automation & (MILS) Avionics Net-Centric Operations
Modemization
Instructor 513: Mohleji SA3: CANCELLED MM3: Uchenick | MLS:Hift | MAS:Tibble
System Safety For Infroduction To Software Design Complex Electronic
Software Intensive Aviation Electronics Assurance: Hardware Design
Systems Design Assurance DO-178B & DO-278 Assurance:
D0-254
Aeronautics: Aeronautics: Aeronautics: A fi
The Big Picture, The Big Picture, The Big Picture, eronavties
Part | Part Part Ill
This Schedule Is Subject To Change JM5: Hallgren ML5: Hallgren MAS: Hallgren Instructor

10 25th Digital Avionics Systems Conference



25th
DAST

Tutorial Overview

Sunday, October 15th

SLI: Spacecraft Avionics Systems Engineering [Parlor A]

This tutorial provides a defailed look at basic spacecraft avionics
systems level design and engineering requirements required fo
develop the Avionics System Level Architecture. The session will
detail how to derive Avionics System Level requirements from
higher Mission Level Requirements and documentation required to
conceptualize and develop Avionics Subsystem Architectures.

SAT: UML 2.0/SysML Based Systems Engineering Using a
Model Driven Approach [Parlor A]

This tutorial gives a state-of-the-art overview of model-based systems
engineering using dlassical structured-based and object-oriented
(UML) methods. Special focus is put on requirements capture and
requirements analysis (“Executable Use Cases”) as well as on model
verification/validation through simulation and formal methods. Part
I will focus on the characteristics of a development process, model-
based systems engineering process, languages for model-based
systems engineering, and verification validation and festing.

SL2: The Modular Open Systems Approach (MOSA) in Defense
Acquisition [Parlor B]

This tutorial covers the background and mission of the Department
of Defense (DoD) Open Systems Joint Task Force, and discusses the
mofivation, policies and concepts behind the transition to a modular
open systems approach in weapons system acquisifion.

The tutorial provides detailed examples of the many life cycle cost
savings, cycle fime reductions and enhanced interoperability benefits
of open systems through several practical applications--from avionics
technology and risk reduction demonstrations, pilot programs and
consensus-based standards development, and system-of-systems
architecture principles.

The tutorial includes summaries of current Joint Service and
individual Service initiatives (e.g., Navy Open Architecture) and
concludes with an overview of the new MOSA Program Assessment
and Review Tool (PART) which is used by the Office of the Secretary
of Defense to assess the implementation of MOSA policy across major
defense programs.

SA2: RF Spectrum Management [Parlor B]

This tutorial covers RF spectrum management from both the
regulatory and fechnical aspects. Concepts such as frequency
allocation and assignment are covered, as well as the regulations
that are imposed by the FCC and NTIA in the United States and

the ITU for systems that are deployed worldwide. It provides an
understanding of the mechanisms by which interference occurs, and
the methods for mitigation of its effecs.

SL3: National Airspace System (NAS) Redesign, Automation,
and Modernization [Parlor ]

Constraints in En Route airspace and restrictions at and around major
airports result in delays, flight inefficiencies and schedule disruptions.
The future Air Traffic Management (ATM) system will leverage
evolving satellite technologies and enhanced avionics capabilifies to
develop a human-centric and automation intensive ground-based
infrastructure architecture that will provide efficient, safe and
secured services o the users in all phases of flight. This tutorial will

cover major ongoing and planned efforts to modernize the National
Airspace System (NAS) and position it towards the Next Generation
Air Transportation System (NGATS). The tutorial will also discuss some
of the NGATS operational concepts and paradigm shifts in developing
the ATM system for year 2025 and beyond.

SA3: CANCELLED
SA4: System Safety for Software Intensive Systems [Parlor ]

Software safety analysis differs from hardware safety analysis in that
software failure modes cannot be well characterized or enumerated.
Software can fail to execute when expected, may execute but not
perform its intended function, or may exhibit unexpected behavior.
This tutorial will provide an infroduction to software system safety
with emphasis on the safety critical systems used in the aircraft
industry. In particular, the difference between safety and reliability
will be emphasized, current software safety techniques (e.g., DO-
178B) will be reviewed and an assessment of current research areas
will be provided.

Monday, October 16th

MM1: Embedded Systems Engineering with the SAE AADL,
Part | — An Overview of the SAE AADL [Parlor A]

The SAE Architecture Analysis & Design Language (AADL) standard
is an architecture description language for real-time, fault-tolerant,
scalable, embedded, modular multiprocessor systems. It enables the
development of highly evolvable systems, early and quantitative
analyses of a system’s architecture, and evolution of the architecture
model for confinued analysis and generation throughout the life
cycle. The SAE AADL has been approved and was published as SAE
standard AS5506 in November 2004.

Part | of the tutorial series provides an overview of the SAE AADL as
a key element of model-based systems engineering for architecture-
driven development of software-intensive embedded systems. It
presents the AADL modeling notation in the context of architectural
views, describes its key features, demonsirates the use of the AADL
OSATE tool environment, discusses potential AADL henefits through
case studies, summarizes the status of the standard and its use in
practice, and discusses the AADL tool support strategy and AADL's
alignment with UML. CD's with the OSATE toolset will be provided.

ML1: Embedded Systems Engineering with the SAE AADL Part
I — Modeling & Analysis [Parlor A]

Part II of the tutorial series demonstrates the capabilities of the
AADL modeling and analysis notation in the context of a realistic
embedded system application. It describes the AADL capabilifies in
creating component-hased models of the task and task interaction
architectures of embedded software; discusses inferfacing to

physical devices; presents software bindings to execution platform
components; and highlights the capabilities for predictive analyses

of operational characteristics such as meeting deadline, response
time, throughput, and fault-tolerance requirements at different
levels of abstraction. This capability is illustrated in the context of
practical performance related engineering issues through AADL-based
architecture models of varied fidelity. Demonsirations of the OSATE
modeling and analysis environment are included. (Ds with the OSATE
toolset will be provided.

MAT: Embedded Systems Engineering with the SAE AADL
Part lll — Typical Implementation [Parlor A]

Part 11 of the tutorial series examines a typical implementation of
an avionics system; identifies shortcomings in the implementation
choices made; and demonstrates how modeling in AADL leads to

an architecture description that abstracts implementation choices,
enabling early analyses while allowing their detailed specification

to be developed later. A short demonstration of the OSATE modeling
and analysis environment is included. CD's with the OSATE toolset will
be provided. The tutorial closes with a brief discussion of advanced
features of the AADL induding extensibility of the core language to
support analysis capabilities such as reliability analysis.

MM?2: Digital Avionics Systems [Parlor B]

This tutorial presents a systems level overview of the fundamentals
of design, construction, assessment, and validation of digital
avionics systems. Topics include: avionics organizations, defining the
avionics requirements, data buses, displays, hardware and software
assessment and validation, and electromagnetic inferference.
Emphasis will be given fo selected topics that are frequently
misunderstood or not fully appreciated, such as data buses, and the
precise meaning of commonly misused terms.

ML2: Fault-Tolerant Avionics Systems [Parlor B]

This tutorial presents an overview of fault tolerance as applied to
aircraft and space avionics systems. Topics include mofivations for
fault-tolerance, safety-critical system dlassification, risk assessment,
reliability improvements resulting from redundancy, fault-tolerant
system architectures with examples, and the basics of fault-tolerant
computing. The tutorial will consist primarily of practical rather than
theorefical discussions and will be illustrated with examples from
operational systems.

MA2: Modern Avionics Architectures [Parlor B]

Architectures from seven civil and military gircraft induding the
B-757/767, A330/340, MD-11, B-777, F 16 (/D, (-17, and the
F-22 are examined. These architectures have been carefully chosen
to cover a spectrum of aircraft types, federated and integrated
designs, line replaceable unit vis-d-vis modular packaging, and non-
essential fo flight critical applications. The hardware and functions of
each architecture are discussed.

The architectures of the A-380 and the B-787 are briefly discussed.

October 15 -19, 2006 ® Portland, Oregon 11



Tutorial Overview

MM3: Multiple Independent Levels of Security / Safety
(MILS) [Parlor ]

MILS (Multiple Independent Levels of Security/Safety) was developed
to make the high levels of certification often required in Integrated
Modular Avionics (IMA) systems practical, affordable, and achievable.
The MILS architecture greatly reduces the amount of privileged
security/safety enforcing code while simultaneously making that
code more effective. By providing extremely robust enforcement

of foundational Data Isolation, Control of Information Flow, Periods
Processing, and Damage Limitation policies, MILS enables software
developers to implement their own application specific safety and
security policies with confidence that the enforcement code will

have all the characteristics of a Reference Monitor: Nonbypassable,
Evaluatable, Always-invoked and Tamper-proof (NEAT).

The tutorial will provide an overview of the MILS three-layered
architecture (Separation Kernel, Middleware, and Applications) and
the Partitioning Communications System (PCS) middleware. The

PCS is a transparent network component that provides trustworthy
data isolation, control of information flow, strong authentication,
separation of data by safety or sensitivity level, secure network
configuration, secure loading, and covert channel suppression. This
tutorial will also characterize the threats that MILS counters and
describe how engineers can use MILS to create high assurance IMA
systems. The tutorial also describes how to migrate legacy systems to
the MILS high-assurance architecture.

ML3: Systems Engineering for Net-Centric Avionics [Parlor (]

Net-centric operations are critical to achieving interoperability of
systems. Net-centric supports non-linear relationships and increased
tempo of operations. Industry and government must defermine

the most affordable method of migrating from current systems

to a system of systems architecture that enables the net-centric
data/information flow needed to achieve the required capabilities.
Systems engineering processes are essential fo cost effectively select
an avionics architecture (hardware and software) that minimizes the
need for complete rewiring of an existing aircraft to complete rewrite
of the various operational flight programs and systems management
software. This tutorial eaches the attendees how to determine the
required net-centric capabilities for avionics, assess the capabilities
and determine the total ownership cost of the currently installed
avionics, identify the capability deficiencies, define alternatives for
achieving the required capabilities, the process of analysis of these
alternatives to ascertain whether an alternative safisfies the required
capability, and the process of determining the total life cycle system
cost of each alternative, and yearly funding required o develop,
acquire, install, operate, and maintain the alternative.

MA3: The Software Defined Radio (SDR) for Net-Centric
Operations [Parlor (]

This presentation provides an overview of the Software Defined
Radio (SDR), a disruptive technology, and its role in Network-Centric
Operations (NCO). The various elements of an SDR platform and
waveform are examined, as are related open standards such as

the Software Communications Architecture (SCA). Nexi, NCO is
examined in the context of the U.S. Joint Vision 2010 and 2020
and its emphasis on increased situational awareness. It will be seen
that significant improvements in communications bandwidth will be
required to achieve full networking of U.S. forces. The presentafion
concludes with a brief overview of the role of an SDR system, the
Joint Tactical Radio System (JTRS), in delivering this increase in
bandwidth as part of the Global Information Grid (GIG).
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MM4: Introduction to Aviation Electronics Design Assurance
[Broadway I1I]

Safety-writical system development for modern digital aviation
systems, both ground and airborne, depends on the application of
rigorous development processes and a comprehensive regiment of
design assurance. This tutorial is designed fo provide an overview
of the concepts of system and software safety, show how these
concepts are addressed within the aviation regulatory environment,
and provide an introduction to the major industry documents that
discuss safety and design assurance. These documents include the
SAE Aerospace Recommended Practices (ARPs) 4754 and 4761,

as well as the various RTCA design and data assurance documents
that include: DO-160D, DO-1788, DO-2004, DO 254, DO-264,

and DO-278. This tutorial will discuss how design assurance is
being impacted by major frends shaping modern aviation system
development induding the increased use of Commercial Off The
Shelf (COTS) components and the move to more highly integrated
systems. This tutorial is intended as a broad survey on the topics of
safety and design assurance. Individuals involved in this area may
want o combine this session with one or both of the detailed sessions
on Software Design Assurance (D0-178B and DO-278) and Complex
Electronic Hardware Design Assurance (DO 254).

There are significant efforts underway to update the various design
assurance standards and guidelines covered by this class. This
indudes work on the ARPs, the recent updates to DO-160, and the
new effort on DO-178B. This class will contain updates on all of
these efforts.

ML4: Software Design Assurance: D0-178B & D0-278
[Broadway I1I]

RTCA DO-178B (Software Considerations in Airborne Systems and
Equipment Certification) is the industry standard for governing

the development, verification, and the certification aspecis related
to software for civil avionics. In the last two years, two additional
RTCA documents — D0-2488 and DO-278 have both clarified and
extended DO-178B's reach o ground and space-based systems. In
addition, DO-178B has been applied in the automotive industry for
safety-critical development and is one of the standards recognized
by the Food and Drug Administration for use in life-critical medical
devices. This tutorial is intended to provide a detailed overview of
DO-1788B, what it is, what it is not, how to apply it, and pitfalls to
avoid in its application. In addition to explaining the guidelines, the
tutorial will discuss the practical application of RTCA DO-178B. The
tutorial will conclude with a summary of relevant Federal Aviation
Adminisiration guidance associated with the application of software
design assurance and current research acfivities on related fopics.
Even if you have some familiarity with DO-178B, this session will
help reinforce and deepen your understanding of its content and
intent.

Note: At least one and possibly two RTCA SC-203,/EUROCAE WG-71
meetings will have been held before this year’s DASC. This committee
is working on updates to DO 1788, DO-248B, and possibly (likely) DO-
278. We will be providing current status of this effort in this tutorial.

MA4: Complex Electronics Hardware Design Assurance: DO-
254 [Broadway I1l]

RTCA DO-254/ED-80 (Design Assurance Guidance for Airborne
Electronic Hardware) was released in April 2000 and is designed

to fill the gap for developmental assurance for complex electronic
hardware including programmable logic devices (PLDs) and
application specific integrated circuits (ASICs). Since ifs release,

the document has generated considerable interest in the topic of
hardware design assurance and more than a little bit of controversy.
This tutorial is intended to provide a detailed overview of DO-

254, what it is, what it is not, and how to apply it. In addition

to explaining the guidelines, the tutorial illustrates the parallels
between D0-254 and D0-178B, the predominant standard for design
assurance of software, and includes a discussion of the tradeoffs
between implementing in hardware versus software. The tutorial
will conclude with a summary of current activities in industry shaping
the evolution of developmental assurance for complex hardware
induding an overview of related regulatory efforts.

Note: D0-254 has been controversial since the document’s publication.
The FAA has been struggling to produce a concise, consistent policy that
governs ifs use. This tutorial will include an update on where this activity
stands and, if released, the implications of the FAA's advisory circular on
D0-254.

MMS5: Aeronautics: The Big Picture — Part | [Broadway IV]

This tutorial is a one-day (three back-to-back tutorials) course
designed fo expose students fo the language and fundamental
aspedts of aeronautics. By the end of the day, participants will have
a tremendous appreciation for:
o The various and infertwined subject areas “buried” in
the field of aeronautics, including: aerodynamics, propulsion,
stability & control, siructures & materials, and airframe/
propulsion system infegration
o Airplanes ... and, why they don't all look the same!
Note: This course takes a building-block approach — please
plan to attend all three tutorials.
Topics addressed in Part | include:
Airplane Basic Components and Geometry — terms like
“fuselage” and “horizontal stabilizer” are introduced. “Wing
area” and “aspect ratio” are defined, in addition to many
others.
Forces Acting on an Airplane:
o Weight — attendees start getting an appreciafion for
weight minimization.
o Lift — wing pressure distribution is introduced. Effect of
wing geometry, angle of attack, flight velocity, and air density
are discussed.
®  Drag — discussions highlight the basic physics and
students are infroduced to the many sources of airplane drag
(e.g. skin friction, wave, and induced).

ML5: Aeronautics: The Big Picture — Part II [Broadway IV]

Topics addressed in Part Il include:

Forces Acting on an Airplane (continued from first tutorial):
o Thrust — a discussion of how thrust is generated and the
various air-breathing propulsion systems (e.g., reciprocating
engine/propeller and turbofan engine) are presented.
o (Controlling an Airplane — pilot inputs (via stick/yoke
and rudder pedals) and aircraft response are introduced.
o Airplane Stability — the criticality of cg location and
some of the key design techniques used fo ensure an aircraft
is statically stable (e.g., dihedral, vertical stabilizer) are
emphasized.

MAS: Aeronautics: The Big Picture — Part IlI [Broadway IV]

Topics addressed in Part IIl include:

Structural and Material Considerations — key structural components
(e.g., spars and ribs) and the concept of “factor of safety” are
explained. Other interesting topics (e.g., composites, pressurization,
fatigue, landing-gear considerations, and survivability) are discussed.
Aircraft & Propulsion System Integration and Class Exercise — where
it all comes together! Lots of airplane pictures and a group

exercise to force attendees fo ask “why?” a specific design was

used. Advantages and disadvantages of different approaches are
emphasized.



Air traffic demand will more than double in the near
future, which makes the need for a new Air Traffic
Management system more apparent than ever. The time
to act is now. At Boeing, were already working with
aviation leaders around the world to create a network-
enabled system that is higher capacity, safer, more secure
and far more efficient. Pilots, controllers, airlines and
security personnel will push and pull precise information
from an integrated network to make rapid decisions with
high-performance results. It's the kind of solution youd
expect from a leader in network-centric operations.

It's the kind of solution youd expect from Boeing.

BOLEING

Forever New Frontiers



Technical Program

considerations that are cross cutting fo all avionics systems design, such as human
John R. Moore factors, software and open systems archifecture. As you are selecfing papers
Rockwell Collins to hear and sessions to attend, please look for the technical session listed in the
and Program, on the websife or on the posters placed outside the breakout rooms.
Denise S. Ponchak Please note that in addition to the 30 breakout sessions, we will also convene a
NASA Glenn Research Center plenary level lunchtime panel of experts on Thursday, October 19. This panel will
focus on our theme of “Network Centric Environments: The Impact on Avionics and
Systems.” Lunch is provided, so plan on attending this event to hear the perspec-
fives of some key industry leaders and participate in a quesfion and answer period.

elcome to the 25th DASC and our Technical Program! The Technical Program

has approximately 180 presentations that have been organized info 6 Tracks

with a total of 30 technical sessions describing the state of the art in the field
of digital avionics and avionics systems. The Technical Program, as always, has been a
central focus of the conference, and will confinue the DASC tradition of highlighting for
you, the key related issues and technologies in the aerospace and aviation industries.

Again this year, we hope you will find a broad range of topics presented in the
technical fracks, all led by experts in their respective fields. We hope that you will
take full advantage of the fechnical program, the many networking opportunities,
and that you will enjoy and professionally benefit from your participation in the

This year we focus on the general conference theme “Network-Centric Environments; The ~ 25th DASC.

Impact on Avionics and Systems.” We have targeted a complete track to this topic. We
include two tracks that focus on the end-o-end nature of many digifal avionics systems,
Communications/Navigation/Surveillance (CNS) and Air Traffic Management (ATM).
Two tracks focus on specific technology for certain types of systems, such as flight criti-
cal, synthetic visions, unmanned aircraft. Finally, we have a track dedicated fo design

Hope o see you during the conference,

John and Denise

25th DASC Technical Program Schedule

This Schedule Is Subject To Change

Tuesday, October 17 Wednesday, October 18 Thursday,October 19

Technical Session E
2:00pm — 5:30pm

Technical Session D
8:30am — 12:00pm

Technical Session C
2:00pm — 5:30pm

Technical Session B
8:30am — 12:00pm

Technical Session A
2:00pm — 5:30pm

Track 1

Network Centric
Environment

Co-Chairs: John Gonda,
MITRE/CAASD and Jere
Meserole, Boeing

Track 2

Air Traffic Management
Co-Chairs: Suzanne
Porter and Randy
McGuire, MITRE/
(¢.V.1))]

Track 3
Communication,
Navigation and
Surveillance

Chair: Rafael Apaza,
FAA

Track 4

Avionics Systems - 1
Co-Chairs: Tom Redling,
L-3 Communications,
Maarten Uijt de Haag,
Ohio University

Track 5

Avionics Systems - 2
Chair: George Andrew,
Booz, Allen, Hamilton
Track 6

Avionics Design

Chair: Lou Bottino, FAA

System Wide Information
Management (SWIM) for
Avigtion

Co-Chairs: Jere Meserole,
Boeing and Jim Rogers, FAA

Securing the Aviation
Network

Chair: Michael Olive,
Honeywell

Aviation Network Validation
and Testing

Chair: Ulrich Borkenhagen,
EUROCONTROL

Networked Aviation
Communication

Chair: Steve DeHart, Sensis
Corporation

System Performance
Chair: Benjamin Levy,

En Route ATM
Co-Chairs: Anand Mundra,

Airport / Terminal Area
Operations

Precision Routes
Chair: Jack Feamsides, MJF

Sensis Corporation MITRE/CAASD and Howard Chair: Ralf Mayer, MITRE/ Strategies
Swancy, FAA CAASD
Communication Systems Surface Technologies Surveillance and Radar Aviation Safety and Secure

and Data Link Technologies
Chair: David Matolak, Ohio
University

Chair: Robert Kerczewski,
NASA Glenn Research Center

Automation
Chair: Giorgio Gulienetti,
Selex Sistemi Inegrati

Systems
Chair: Chris Daskalakis, US
DOT Volpe Center

Flight Critical Systems
Chair: Tom Redling, 1-3
Communications

Synthefic Vision Systems
Chair: Maarten Uit de Haag,
Ohio University

Enhanced Situation
Awareness

Chair: Maarten Uit de Haag,
Ohio University

Special Topics in Avionics
Systems

Chair: Tom Redling, L-3
Communications

Health Management
Systems

Chair: Ellis Hitt, Strategic
Solutions

Unmanned Aircraft Systems
— Development

Chair: Rolf Rysdyk, University
of Washington

Unmanned Aircraft Systems
— Applications

Chair: Rolf Rysdyk, University
of Washington

Space Systems
Chair: George Andrew, Booz,
Allen, Hamilton

Human Factors
Chair: Philip Scandura,
Honeywell

Systems Engineering
Co-Chairs: Keith Jones, USAF

Software Engineering
Co-Chairs: Krisfina Lundquist
and Jayakanth Srinivasan,
MIT

Open Systems Hardware &
Software Architectures
Chair: Theodore Bayruns,
Boeing Helicopter Division

uoyniodioy) swajsAS unauaury ‘uobio7 uajg oLy

SWa}SAG SHIUOIAY U0 JIDdL] SUBWUOIAUT IS YHOMBN — (PAPIAOL LDUT) UISSAIsI] [aung

Performance,/Trajectory Based
Operations for Aviation
Chair: Mike Paglione, FAA

Traffic Flow Management
Chair: Aslaug Haraldsdottir, Boeing

Systems Architectures, Software
and Navigation
Chair: Chris Wargo, CNS Inc.

Special Topics in CNS Policy /
Late Papers

Chair: Tom Redling,

1-3 Communications

Avionics Equipage in the U.S.
Civilian Airspace
Chair: Thea Graham, FAA

Open Systems Applications
Chair: Philip Cole, Seaweed
Systems
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5¢C hnical Sessi d b
DAST Technical Session A - Tuesday, October 17
Session Track 1 Track 2 Track 3 Track 4 Track 5 Track 6
A Network-Centric Environment Air Traffic Management (ATM) Communications, Navigation, Avionics Systems - 1 Avionics Systems - 2 Avionics Design
Surveillance (CNS) Systems
[Galleria I1] [Galleria ] [Galleria I11] [Parlor ] [Parlor B] [Parlor A]
System Wide Information System Performance Communication Systems and Flight Critical Systems Health Management Systems Human Factors
Management (SWIM) for Data Link Technologies
Aviation

2:00 1A1 Dynamic Service
Compostion: SWIM Using
the Topia Conveyance
Concept and Sensis SPM
Thien Ngo
FAA

2:30 | 1A2 The Business Case for
System-Wide Information
Management
Steven Glickman

Boeing Phantom Works

3:00 1A3 The FAA’s System
Wide Information Man-
agement (SWIM) Program
John Loynes

FAA

3:30
4:00 | 1A4 What is System Wide
Information Management
(SWIM)?
Jere Meserole
Boeing

4:30 1A5 Functional
Requirements for SWIM
Alvin Sipe
Boeing Advanced Air Traffic
Management

5:00 1A6 An Architecture for
System-Wide Information
Management (SWIM)
Mark Taylor

Boeing (Avaliant LLC)

5:30 1A7 Data Access for Air
Traffic Management
Paul Comitz

Boeing Air Traffic Management

2A1 Statistical Separation
Standards for Approach
Process
Babak Jeddi
George Mason University

2A2 A Near-Term Arrival
Management Operational
Concept & Preliminary
Considerations
Julien Scharl
The Boeing Company

2A3 Performance of the
Air Transportation System
for the Atlanta — Chicago
0'Hare Route
David Schaar
George Mason University

2A4 Impact of ADS-B
on controller workload:
Results from Alaska’s
Capstone Program
Anand Mundra
MITRE /CAASD

2A5 Simulating Civilian
and U.S. Military Use of
Evropean Airspace
Alex Alshtein
MITRE

2A6 Selection and
Evaluation of Air Traffic
Complexity Metrics
David Gianazza
DSNA

3A1 Joint U.S. — European
Future Communications
Operating Concept
John Gonda
MITRE /CAASD

3A2 VDL Mode E Receiver
Performance
Measurements
Fred Studenberg
Rockwell Collins, Inc.

3A3 Commercial Link 16
for ATC Application
Michael Kocin
ViaSat Inc.

BREAK

3A4 B-VHF Selected
Simulation Results and
Assessment
Sinja Brandes
German Aerospace Center (DLR)

3AS5 Flight Trial
Architectures Supporting
Migration to Broadband IP
for AOC and ATS
Rob Mead
The Boeing Company

3A6 Enhanced ADS-B
Research
Edward Valovage
Sensis Corporation

4A1 A Desktop Computing
System Concept for Solu-
tions to Large Systems
of PDEs
Antone Kusmanoff
13 Communications Integrated
Systems

4A2 On the Use of
Behavioral Models for the
Integrated Performance
& Reliability Evaluation
of Fault-Tolerant Avionics
Systems
Alejandro D. Dominguez-Garcia
MIT

4A3 COTS CPU Selection
Guidelines for Safety-
Critical Applications
Hakan Forsherg
Saab Avifronics

4A4 A High
Assurance Profile for
Avionic Middleware
Victor Giddings
Objective Inferface Systems

4AS5 Flight-Path Tracking
Control of a Transporta-
tion Aircraft: Comparison
of 2 Nonlinear Design
Approaches
Félix Mora-Camino
ENAC

416 Verified Reconfigura-
tion: A Systems Example
M. Anthony Aiello
University of Virginia

5A1 Built-In Test for Fiber
Optic Networks Enabled
By OTDR
Daniel N. Harres
Boeing Company

5A2 Fault Detection in
Flight Guidance Dynamics
Based on Differential
Flatness
Felix Mora-Camino
ENAC/DGAC

5A3 Demonstration
of a Gb/s Transceiver
with OTDR Built-in-test
for Avionics Local Area
Networks
Eric Chan
Boeing Phantom Works

5A4 Protocol-Level
System Health Monitoring
& Redundancy
Management for Vehicle
Health Management
Mirko Jakovljevic
TTTech ComputertechnikAG

5A5 Improving Avionics
Fiber Optic Network
Reliability &
Maintainability via Built-
In Test
Mark Beranek
Naval Air Systems Command

6A1 Increasing En Route
Sector Capacity Through
the Avionics Design -
Future Workstation
Concept
Bernardus Willems
FAA

6A2 Implementing
Network-Centric
Technologies in the Cockpit
Rick Shay
National Institute of Aerospace

6A3 Application of the
H-Mode, a Design & Inter-
action Concept for Highly
Automated Vehides, to
Aircraft
Kenneth Goodrich
NASA Langley Research Center

6A4 Interactive Flight
Deck Design in Com-
parison to a Desktop
Environment
Yifei Wang
Rockwell Collins

6A5 An Evaluation of
Two Multi-Sector Planner
Concepts: Multi-D and
Area Flow
Paul Lee
San Jose State Univ./ NASA
Ames Research Center

6A6 Designing an ATC
CPDLC Environment as
a Common Information
Space
Vincent Kapp
DSNA/DTI/SDER

6A7 Workload

Assessment in Flight Using

Dense Array EEG
Thomas Schnell
University of lowa

Paper presentation times are as known at date of publication.
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Technical Session B - Wednesday, October 18

Session
B

8:30

9:00

9:30

10:00
10:30

11:00

11:30
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Track 1
Network-Centric Environment

[Galleria 1]
Securing the Aviation Network

1B1 Aircraft Data Net-
works and Performance
Enhancement Proxies
Nagaraja Thanthry
Wichita State University

1B2 Exploring Network
Enabled Airspace
Integration Functions for a
UAV Mission Management
Station
Gregorius Koeners
Delft University of Technology

1B3 Commercial Aircraft
Information Security
Concepts of Operation &
Process Framework —
Overview of ARINC
Report 811
Michael Olive
Honeywell

1B4 Flow Control for Fibre
Channel Under Hard Real-
time Condition
Yajun Xu
Beihang University

1B5 Live-Flight Demon-
stration of Agent Technol-
ogy for Connecting the
Tactical Edge to the Global
Information Grid
Eric Martens
The Boeing Company

1B6 System-Wide
Information Management
(SWIM) Demonstration
Security Architecture
Bob Stephens
Boeing,/Tectura Corporation

Track 2
Air Traffic Management (ATM)

[Galleria 1]
En Route ATM

2B1 Traffic Synchroniza-
tion in Central European
Upper Airspace — Results
Lenka Dravecka
EUROCONTROL-CEATS Research,
Development and Simulation
Cenre (CRDS)

2B2 Complexity —
Workload - Capacity
Management for the
Multi-Sector Planner
Riidiger Ehrmanntraut
EUROCONTROL

2B3 Analysis of Factors
Influencing the Lateral
Adherence in Recorded Air
Traffic Data
Confesor Santiago
FAA

2B4 Airborne
Separation in Oceanic
Airspace: Explore for Fuel
Nico De Gelder
National Aerospace Laboratory
NLR

2B5 Extended Distance
and Automation Trial of
Flight Management
Computer Parallel Offset
James DeArmon
MITRE/CAASD

2B6 Required
Navigation Performance
and 3D Paths in High-
Traffic ATM Operations
Aslaug Haraldsdottir
Boeing Commercial Airplane

25th Digital Avionics Systems Conference

Track 3
Communications, Navigation,
Surveillance (CNS) Systems

[Galleria Ill]

Surface Technologies

3B1 The Ground-to-
Ground Airport Surface
Area Channel: Transmis-
sion/Reception from
Airport Field Sites
Indranil Sen
Ohio University

3B2 5091-5150 MHz
Bandsharing by Airport
Wireless Local Area
Networks and Satellite
Feeder Links
|zabela Gheorghisor
MITRE

3B3 Error Detection and
Correction for Speech
Recognition Using Airport
Layout Information:
Concept and Evaluation
Eric Theunissen
Delft University of Technology

BREAK

3B4 Accurate 0001 Data:
Implications for Efficient
Resource Utilization
David Signor
Sensis Corporation

3B5 Unassisted Aircraft
Landing via Co-operative
Data Exchange
Vijay Ragothaman
Wichita State University

Track 4
Avionics Systems - 1

[Parlor (]
Synthetic Vision Systems

4B1 E/SVS (Enhanced &
Synthetic Vision System)
Technologies
Jeff Guell
The Boeing Company

4B2 Multi-purpose Visual-
ization System
Petr Bojda
University of Defence

4B3 A Dynamic Channel
Depiction of Navigation
Data in Synthetic Vision
Displays
Christian Pschierer
Jeppesen

4B4 " A System is More
than the Sum of its Parts”
~ Conclusion of in DLR’s
Enhanced Vision Project
"ADVISE-PRO”
Bernd Kom
DLR, Institute of Flight Guidance

4B5 Flight Test Evaluation
of Synthetic & Peripheral
Vision Displays in General
Aviation
Behlul Poonawalla
Ohio University

4B6 Integrity Monitor-
ing of Digital Elevation
Models Using Corner Edge
Detection of Accumulated
X-Band Radials
Kofi Nyarko
Morgan State University

Track 5
Avionics Systems - 2

[Parlor B]

Unmanned Aircraft Systems
— Development

5B1 Unmanned Aircraft
Hazards and Their Implica-
tions for Regulation
Kelly Hayhurst
NASA Langley Research Center

5B2 Safety and Reliability
within UAV Construction
Daniel Uhlig
University of llinois at
Urbana-Champaign

5B3 Safety of Cooperative
Collision Avoidance for
Unmanned Aircraft
Andrew Zeitlin
MITRE/CAASD

5B4 A Hardware/
Software Architecture for
UAV Payload & Mission
Control
Enric Pastor
Technical University of Catalonia

5B5 Automatic Landing
Control Law for Unmanned
Helicopter Using Lyapunov
Approach
Seong Pil Kim
Korea Aerospace Research
Instifute

5B6 Evaluation of

Synthetic Vision Aug-
mented Predictive Display

Concepts to Aid Visual

Field Control of UAVs

Jochum Tadema

Netherlands Defence Academy /
Royal Netherlands Naval College

Track 6
Avionics Design

[Parlor A]

Systems Engineering

6B1 Model-Based
Engineering for Platform
System Design
Jaime Haiar
Rockwell Collins

6B2 A Systems

Engineering Method For
Prospectively Attaining

More Nontraditional

Engineers & Systems

Engineers
Hazel Rountree
Wright State University

6B3 Security Measures in
a Secure Computer
Communications
Architecture
Louis J. Bottino
FAA
William J. Hughes Technical
Center

6B4 A Need For Visionary
Systems Engineering: The
Visioneer
Samue! Burnham
846 TSS/TSISE, U.S. Air Force

6B5 History of Science
& Technology Systems
Engineering: The Histneer
Ronnie L. Pope
United States Air Force, Aeronau-
tical Systems Center

6B6 Holistic Systems
Engineering: Cognitive
Hierarchy, RF Receiver
Technology & Environment
Keith Jones
U.S. Air Force, Aeronautical
Systems Center

Paper presentation times are as known at date of publication.
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DAST Technical Session ( - Wednesday, October 18
Session Track 1 Track 2 Track 3 Track 4 Track 5 Track 6
C Network-Centric Environment Air Traffic Management (ATM) Communications, Navigation, Avionics Systems - 1 Avionics Systems - 2 Avionics Design
Surveillance (CNS) Systems
[Galleria Il [Galleria I} [Galleria Il [Parlor (] [Parlor B] [Parlor A
Aviation Network Validation and ~ Airport/Terminal Area Operations Surveillance and Radar Enhanced Situational Awareness Unmanned Aircraft Systems Software Engineering
Testing Automation - Applications

200 | 1C1 Validation Facilitiesin | 2C1 RNP RNAV Arrival | 3C1 ADS-X The Next Gen 4C1 Effectively 5C1 Ku-band Link Budget | 6C1 Coloured Petri Net

the Area of ATM Route Coordination
Bottleneck Investigation Paul MacWilliams
Frank Morlang MITRE

DLR, German Aerospace Center

2:30 1€2 The Evropean 2C2 An Innovative
Operational Concept Technique for Continuous
Validation Methodology Descent Approach
(E-0CVM) Procedure Design
Ulrich Borkenhagen Ramon Gomez-Ledesma
EUROCONTROL Boeing Research Technology
Europe
3:00 13 Extended LAN 2C3 Airborne Precision
Services and Aircraft Data Spacing: A Trajec-
Networks Abstract tory-Based Approach to
Sudha Kulkarni Improve Terminal Area
Wichita State University Operations
Bryan Barmore
NASA Langley Research Center
3:30
4:00 14 Exploring 2¢4 The Multiple Runway
Applicability of Grid Planner (MRP): Modeling
Technologies to Net- and Analysis for Arrival
Centric "Edge" Systems Planning
Sumit Ray Matthew Berge
BAE Systems The Boging Company
4:30 | 1C5 Development & Test- | 2C5 A Real-time ETA-to-
ing of an IP-Based Archit. | Threshold Prediction Tool
for Manned /Unmanned Benjamin S. Levy
Aviation Interoperability Sensis Corporation
Glenn Colby
Naval Air Systems Command
5:00 1C€6 A Prototype Dual 2€6 Geo-referencing
CAN-Bus Avionics System | RADAR Plot Data for the
for Small Aircraft Trans- | Traffic Information Service
portation System Broadcast
Chin E. Lin Jeffrey Giovino
National Cheng Kung University MITRE
5:30

Approach for the Next
Generation Air Transpor-
tation System
Michael Harrison
Aviation Management Associates

3C2 The Performance Test
for the Airborne Mounting
Millimeter Radar
InKyu Kim
Korea Aerospace Research
Instittute

3C3 Comparison of
Smoothing Techniques for
Host Radar Tracking Data
Hollis Ryan
General Dynamics Network
Systems

BREAK

34 The Impact of Turns
on Host Radar Tracking
Mike Paglione
FAA

3C5 Improving the Reso-
lution Advisory Reversal
Logic of the Traffic Alert &
Collision Avoidance
Andrew Zeitlin
MITRE/CAASD

36 Bistatic Ambiguity
Function Processing Using
Monostatic Ambiguity
Function for PCL Radars
Amir Jafargholi
K. N. Toosi University of
Technology

Transforming IMC Flight
into VMC Flight: An SVS
Case Study
Louis Glaab
NASA Langley Research Center

4C2 Multi-Sensory Meth-
ods to Aid Pilot Spatial
Orientation and Upset
Recovery in Real Flight
Thomas Schnell
University of lowa

4C3 Color Optic Flow: A
Computer Vision Approach
for Object Detection on
UAVs
Andres Orfiz
University of lllingis at Urbana
Champaign

4C4 Displaying Prospects
on Vertical Landing
Tatsuo Minohara
Chiba University of Commerce,
Faculty of Policy Informatics

4¢5 A Worldwide SRTM
Terrain Database Svitable
for Aviation Use
Christian Pschierer
Jeppesen

Analysis of UAV with
Atmospheric Losses
Hyeon-Cheol Lee
Korea Aerospace Research
Institute

5C2 Cooperative Tracking
of Moving Targets by
a Team of Autonomous
UAVs
Mark Campbell
The Insitu Group

5C3 Ground Object Geo-
location Using UAV Video
Camera
Michael Johnston
U.S. Air Force

5C4 Integration of
Unmanned Aerial Vehicle
Route (Re-)Planning
Sebastiaan van ‘t Hart
Netherlands Defence Academy

55 Digital Avionics
Instrument Platform for
UAV and SATS
Chin E. Lin
Department of Aeronautics and
Astronautics

5C6 Automation of Small
UAVs Using a Low-Cost
MEMS Sensor and Embed-
ded Computing Platform
Jung Soon Jang
(rosshow Technology Inc.

5C7 Operator Support for
Time-Critical Sitvations:
Design and Evaluation
Michiel de Vries
Delft University of Technology

Modelling of Real-Time
Task Scheduling
Rodney Dodd
Defence Science and Technology
Organisation

6C2 Simulation Testing
Framework for Embedded
Software
Yichen Wang
Beihang University

6C3 Convergence &
Optimization Study
of a Growing Parallel
SOM through a Genetic
Algorithm
Iren Valova
University of Massachusetts

6C4 Blind Source
Separation with Neural
Networks: Demixing
Sources from Mixtures
with Different Parameters
Iren Valova
University of Massachusetts

6C5 Software Reuse in
Safety-Critical Airborne
Systems
Joseph Wlad
LynuxWorks, Inc.

6C6 Testing Critical
Software: A Case Study
for an Aerospace
Application
Denis Loubach
Brazilian Aeronautical Institute of
Technology

6C7 Device Drivers in
Time and Space
Partitioned Operating
Systems
Kenn Luecke
The Boeing Company

Paper presentation times are as known at date of publication.
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Technical Session D - Thursday, October 19

Session
D

8:30

9:00

9:30

10:00
10:30

11:00

11:30

Track 1
Network-Centric Environment

[Galleria I1]

Networked Aviation Com-
munication

1D1 Partitioning
Communications System
for High Assurance
Distributed Systems
Gordon Uchenick
Objective Inferface Systems, Inc.

1D2 Effective Bandwidth
on AFDX
Qico Li
Beihang University (Beijing
University of Aeronautics and
Astronautics)

1D3 An Airport Surface
Wireless Network
- Deployment Experience
& Performance
Steve DeHart
Sensis Corporation

1D4 NEWSKY - A Concept
for Networking the Sky
for Civil Aeronautical
Communications
Michael Schnell
German Aerospace Center (DLR)

1D5 Voice, Multimedia
Services and Aviation
Data Networks
Anuj Bhatia
Wichita State University

Track 2
Air Troffic Management (ATM)

[Galleria 1]

Precision Routes

2D1 Cost Effectiveness of
Time-Based Operations:
Required Time of Arrival
Guidance versus Alterna-
tive ATC Strategies
Miguel Vilaplana
Boeing Research & Technology
Europe

2D2 Modeling Efficiency
Gains from Diverging
Departures at Atlanta
Hartsfield-Jackson
Kevin Sprong
MITRE,/CAASD

2D3 Optimizing Flight
Paths for RNP Aircraft
in Busy Terminal Areas
- First Step Towards 4D
Navigation
Dr. Satish Mohleji
MITRE/CAASD

2D4 3D Path Concept
and Flight Management
System (FMS) Trades
Ewald Schoemig
The Boeing Company

2D5 Evaluation of RNAV
Departure Operations
at Dallas Fort-Worth
International Airport
Ralf H. Mayer
MITRE

2D6 Impacts of ATC
Related Maneuvers on
Meeting a Required Time
of Arrival
Paul Ostwald
MITRE

25th Digital Avionics Systems Conference

Track 3
Communications, Navigation,
Surveillance (CNS) Systems

[Galleria I11]

Aviation Safety and Secure
Systems

3D1 Methods to Provide
System-Wide ADS-B
Back up, Validation and
Security
Alex Smith
Rannoch Corporation

3D2 Classification and
Prediction of RF Coupling
Inside A-320 and A-319
Airplanes using Feed For-
ward Neural Networks
Madiha Jafri
0ld Dominion University

3D3 Impact of RF Inter-
ference Mitigation via Null
Steering for the Ground
Based LAAS Antenna on
the Estimation of the
C/No

Mohommad Sharawi
Oakland University

BREAK

3D4 Runway Incursion
Prevention for General
Aviation Operations
Denise Jones
NASA Langley Research Center

Track 4
Avionics Systems - 1

[Parlor (]

Special Topics in Avionics
Systems

4D1 Development of a
Digital Avionics Curriculum
for the Aeronautical
Engineer
Thomas Hofer
U.S. Naval Academy

4D2 Multirate Sampled
Data Control System For
An Aero Gas Turbine Twin
Spool Engine
Dhamodhara Pandiyan
Veluchamy
Madras Institute of Technology,

4D3 Experimental Results
with a New Distrib-

vted Aircraft Fuel Control

System Which Uses Smart
Fieldbus Components

Carlos C. Insaurralde
Universidad Complutense de
Madrid

4D4 Functional Recon-
figuration Experimental
Studies with a New Dis-
tributed Fuel Management
Control System
Miguel Seminario
Universidad Complutense de
Madrid

4D5 Development and
Tuning of Six DOF Model
and Controllers for a
Large UAV
Jugadeesh Balaji P.
Division Of Avionics, Madras
Insitute of Technology

4D6 Multi-Vehicle
Coorperative Control
Flight Test
Anawat Pongpunwattana
University of Washington

Track 5
Avionics Systems - 2

[Parlor B]
Space Systems

5D1 Modeling, Simulation
and Analysis of an Open,
Modular, Fault Tolerant
Avionics System for Space
Brendan 0" Connell
Draper Lab

5D2 Genetic Algorithm
Based Optimization of
Fuzzy Based Attitude
Controller for a Spin
Stabilized Micro-Satellite
Suman Reddy Kandala
Madras Institue of Technology,
Anna University

5D3 Space Station Wire-
less Local Area Network
Signal Characteristics
Modeling & Measure-
ments
Shian Hwy
Barrios Technology

5D4 Simulation and
Controller Design for
Satellites in Formation
Flying
Vengada Ganeshwaran Kathirvel
Division of Avionics, Madras
Institute of Technology

5D5 Three Axis Satellite
Attitude Control - PD
Control Approach for
Magnetic Torquer
Kapil Rathi
Madras Institute of Technology

5D6 Simplified Robotics
Avionics System: A
Integrated Modular Archi-
tecture Applied Across a
Group of Robotic Elements
Mitch Fletcher
Honeywell

Track 6
Avionics Design

[Parlor A]

Open Systems Hardware &
Software Architectures

6D1 Integrated Modular
Avionics: Managing the
Allocation of Shared
Intersystem Resources
Christopher Watkins
Smiths Aerospace LLC

6D2 Study on Reliability
of Fibre Channel
Interconnection
Yajun Xu
Beihang University

6D3 Embedded Graphics
Platforms Past, Present
and Future, Simplified
Phil Cole
Seaweed Systems, Inc.

6D4 Multiuser Collabora-
tion with Networked
Mobile Devices
Kam Tso
A Tech, Inc.

6D5 Model-Based System
Design of Time-Triggered
Architectures — Avionics
Case Study
Hauke Fuhrmann
(hristian-Albrechts-Universitiit
v Kiel

6D6 Open Systems
Architecture — Both Boon
and Bane
Randall Black
Honeywell International, Inc.

Paper presentation times are as known at date of publication.
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Session Track 1 Track 2 Track 3 Track 4 Track 5 Track 6

E Network-Centric Environment Air Traffic Management (ATM) Communications, Navigation, Avionics Systems - 1 Avionics Systems - 2 Avionics Design
Surveillance (CNS) Systems
[Galleria I1] [Galleria ] (Galleria 111 [Parlor (] [Parlor B] [Parlor A]
Performance,/Trajectory Based Traffic Flow Management Systems Architectures, Software ~ Special Topics in CNS Policy/ Avionics Equipage in the U.S. Open Systems Applications
Operations for Aviation and Navigation Late Papers Civilian Airspace
2:00 1E1 Advanced Aircraft 2E1 Improving ETMS’ 3E1 Viewing NAS 4E1 CNS Projects Suggest | 5E1 Equipage Issues from | 6E1 Modular Verification:
Performance Modeling For |  Ground Time Predictions Evolution from the Solutions to Minimize Airlines” Perspective Testing a Subset of Inte-
ATM: BADA 4.0 Results Aron Futer Perspective of Required Legal and Financial Dovid Ballard grated Modular Avionics in
Eduardo Gallo Volpe Center (CSC/ARCON) Changes to the Aircraft Expositions GRA, Inc. Isolation
Boeing Research & Technology Marc Narkus-Kramer Mariagrazia Spada Christopher Watkins
Europe MITRE/CAASD University of Rome, “La Smiths Aerospace
Sapienza”
230 | 1E2 Development of Key 2E2 Future Concepts 3E2 Packetized Voice: 4E2 A Liberalized USA-EU | 5E2 Real Options Analysis | 6E2 Preserving Avionics
Performance Indicators for Collaborative Traffic A New Communication Air Transport Requires of Public Sector Software Investment
for Trajectory Prediction | Flow Management in the Concept for Air Traffic CNS/ATM in Compliant Investments Through Interface
Accuracy National Airspace System Control Airspaces Michele Steinbach Abstraction
Stephane Mondoloni Amy Spencer Alvin Burgemeister Mariagrazia Spada MITRE Raymond Rawa
(Sl Inc. Cognitive Systems Engineering B-twelve Associates, Inc. University of Rome, “La The Boeing Company
Sapienza”

3:00 1E3 Agent-Based 2E3 Future Air Traffic 3E3 Position Error 4E3 Related Issues as a 5E3 A Framework to 6E3 TTP-Based Platforms
Assessment of Trajectory- Management Estimation of Strapdown | Result of Open Sky Policy Encourage Successful for Aerospace Controls
Oriented Operations with | Requirements for Dynamic | Inertial Navigation System Veer Shankar Technology Transitionin | and Modular Open System

Limited Delegation Weather Avoidance Babu Kannaiyan Azad Insfitute of Aeronautics and Civil Aviation Approach
Todd Callanting Routing Madras Institute of Technology Engineering Karen Marais Mirko Jakovljevic
SISU/NASA Ames Research Jimmy Krozel T TTTech ComputertechnikAG
(enter Metron Aviation, Inc.
3:30 BREAK
4:00 | 1E4 4D FMS for Increasing 2E4 A Real-Time 3E4 Modelling and 4E4 A Safety-Case-Based | 5E4 Forecasting Aircraft 6E4 Using COTS
Efficiency of TMA Probabilistic TFM Simulation of Laser Analysis a TCAS-Induced Owner Equipage Technology to Develop a
Operations Evaluation Tool Ranger and Marked Target |  Near Miss Over China Responses to Potential | Dependable UAV Network
Bernd Korn George Hunter Seeker System Williom Greenwell FAA Actions Keerti Bhamidipati
DLR, Institute of Flight Guidance Sensis Corporation Mohanraj Ulaganathan University of Virginia Kent Hollinger University of lllinois at Urbana
Madras Institute of Technology ATO & MITRE/CAASD Champaign

4:30 | 1ES5 Trajectory Synchroni- 2E5 Airline Schedule 3E5 ISAR Signal Modeling 4E5 Virtual 5E5 Aviation 6E5 An XML Based
zation in a Network-Cen- Recovery in Flow and Image Reconstruction MIL-STD-1553B Infrastructure Investment | Interface Taxonomy and
tric Environment through Management: An with Entropy Minimization Nicholas Downing and Productivity Growth | Its Use in the Parfitioning

the Use of a Standard Application for Departure Autofocussing United Space Alliance LLC Thea Graham of a Monolithic Avionics
Aircraft Intent Description Re-Routing Andon Lazarov FAA Software Application
Javier Lopez Leones Matthew Berge Bourgas Free University Theodore Bayruns
University of Glasgow (UK) /Boe- The Boeing Company The Boeing Company
ing Research & Technology
Europe (Spain)
5:00 3E6 Flight Testing and 4E6 Cell Phones Use in 6E6 RTCA/DO-254 Data
Data Evaluation of Aircraft? A Short Term Package for Commercial-
Ground-Based Reality? Off-The-Shelf Graphical
Augmentation Systems Victor Gheorghian Processors
Peter Hecker Bombardier Aerospace Randall Fulton
Technical University of Braunsch- Seaweed Systems

weig, Institute of Flight Guidance

Paper presentation times are as known at date of publication.
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Special Panel Discussion

25th DASC Sponsors

Glen Logan
American Systems

will be a plenary level event with lunch provided. A panel representing a
broad set of stakeholders in the emerging network centric environment
will include representatives from:

Pleuse join s for our special Thursday lunchtime panel discussion, which

o National infrastructure and associated changes that must
occur fo fully support the vision and provide airspace efficiency
benefits of network centric environment

o Military forces, which were early pioneers in much of the
network centric work to dafe

o Airlings, which have much to gain in airline operational control
as well as airspace operations

e Equipment manufactures, who must design new families of
equipment that can provide capabilities
with the required levels of performance

The panelists will first give presentations on unique aspects of the problem

to their work. This will be followed by panel discussions and opportunities for
questions from the audience.

20 25th Digital Avionics Systems Conference

Organizational Sponsors:
AIAA Digital Avionics Technical Avionics Technical Committee
[EEE/Aerospace & Electronics Systems Society

Sponsors:

The Boeing Company

GE Fanuc Embedded Systems
The MITRE Corporation/CAASD
Northrop Grumman Corporation
Objective Interface Systems

Others:

Data Device Corporation
LynuxWorks

Seaweed Systems, Inc.
TMTech
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ABSTRACT DETAILS

Authors are invifed to submit 500 word
abstracts by 19 February 2007 on any of
the topic areas listed on the back. Submit
electronically through www.dasconline.org for
peer review and selection of the papers to be
presented at the 26th DASC. Student papers
and ideas for invited sessions are welcome.
Please avoid the use of acronyms or abbre-
viations in the paper’s itle. Include a short
biographical sketch of the author(s), mailing
address, email, telephone, and fax numbers.
Final manuscripts of selected papers are due
31 July 2007. Papers that do not meet this
date may not be included in the conference
proceedings CD fo be provided af the 26th
DASC.

25th Digital Avionics Systems Conference

Z%h . )#. 26th DIGITAL AVIONICS
Aaou SYSTEMS CONFERENCE

CALL FOR PARTICIPATION

Technical Papers, Tutorials & Exhibits

4-Dimensional Trajectory-Based Operations:
Impact on Future Avionics and Systems

Avionics systems have evolved over the history of flight from very simple turn and

slip indicators and whiskey compasses to the advanced flat panel displays of today,
enabled by digital technology and computer generated graphics. Such technologies
have enabled visualization of the aircraft’s intended 4-dimensional flight path both on
the ground and in the air, but for the most part, are not being used in concert with

one another. Likewise, the concept of 4-dimensional trajectory-based operations has
existed for some time. The Next Generation Air Transportation System (NGATS), being
crafted by the U.S. Joint Planning and Development Office (JPDO) and Europe’s SESAR
program are expected to rely heavily on such concepts. Flight data processors on the
ground and Flight Management Systems in aircraft have progressed extensively toward
trajectory modeling principles, but mostly independent of one another.  There are
many important questions fo be answered if we are to reap the full potential of modern
day digital avionics and associated trajectory-based systems, including:

® What is the definition of a 4-dimensional trajectory for aeronautics and astronautics?

* How will this change Air Traffic Management, Communications, Navigation, and
Surveillance?

e Can the commercial, regional, and general aviation, space and unmanned markets
develop strategies to insure the required investments are made?

* How will the military and defense communities be impacted as they continue to
develop greater interoperability and tighter integration with the evolving civil air-
space system?

* What will original equipment manufacturers (OEMs) and suppliers have to do to be
ready with equipment that provides appropriate capabilities?

* What will the roles and responsibilities of the Air Navigation Service Provider
(ANSP), flight deck and airlines flight operations centers be with respect to manage-
ment of the 4-dimensional trajectory?

The Technical and Professional Education Programs will incorporate hundreds of papers
and dozens of tutorials from international researchers, innovators, engineers, and
designers who are creating the products, services, and support to enable 4-dimen-
sional trajectory-based operations. We will hold panel discussions with noted engineer-
ing and management experts, and provide keynote presentations by government and
industry leaders shaping our future world in the NGATS timeframe. If you are involved
in avionics, aircraft, unmanned and space systems, or air traffic management, join us
and participate in the 26th DASC to help influence the direction of digital avionics and
systems technology.

:
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TECHNICAL PROGRAM --

TOPICS OF FOCUS

Air Traffic Management (ATM): Operational concepts for
Air Traffic Management, evolution in Traffic Flow Management and
Collaborative Decision Making, end-o-end nature of future ATM
systems, lessening reliance on ground based systems, infernational
harmonization for a seamless, worldwide ATM system, GATM.

Communications/Navigation/Surveillance (CNS)
Systems: Integrated architectures, network protocols,
communications datalinks, satellite-based navigation and landing
systems, surveillance systems, and recent demonstrations of new
capabilities in CNS, including Broadband Airborne Network (BAN)
technologies and applications and implications.

Synthetic Vision and Situation Awareness Systems:
Advanced display systems to address limited visibility, mitigation of
accidents through advanced displays, and aircraft cockpit display
developments.

Human Factors: Supporting decision making and situation
awareness, issues in human inferaction with automation such as
mode awareness, cockpit decision aids, avoiding the presentation of
Hazardously Misleading Information, pilot and controller overload,
and crew coordination.

Flight Critical Systems: Methods, techniques, and tools for
the design, verification, integration, validation, and certification of
complex and highly integrated flight critical systems.

Health Management Systems & Aging Aircraft:
Integration and validation of cost-effective sensing and processing
technologies for vehicle-wide health monitoring, retrofit, and
malfunction, fault, and failure accommodation.

Open Systems Architectures: Applicability of hardware and
software architectures for avionics systems, use of Commercial-Off-The-
Shelf (COTS) hardware and software and new technologies.

Systems Engineering: Optimization of the hardware and software
systems development process including solutions and lessons-learned;
selection of proper processes, methods and tools.

Software Engineering: Development of large-scale, flight-critical
software systems, including processes and formal methods for design,
testing and certification.

Unmanned Aircraft Systems (UAS) & Missiles: Avionics
systems for UASs, intelligent systems for vehicle autonomy, operation of
UASs in controlled airspace, payloads, missiles and guided munitions.

General Aviation Systems: Affordable avionics systems for
general aviation applications, enabling simplified pilot training through
advanced technologies.

Rotorcraft Systems: Developments in roforcraft and vertical
takeoff/ landing (VTOL) vehicles and their avionics systems.

Space Systems: Next generation launch technology, orbital space
plane avionics, commercial space use, impact of new space missions
being proposed and launched, new ways to use space for military
missions, satellite systems.

Electronic Flight Bags: Portable and installed aviation charting
computers and fechnologies, software architectures for electronic flight
bags, vector airport and obstacle databases, certification guidance for
portable cockpit devices, and a review of fielded technologies.

Small Aircraft Transportation Systems (SATS): Small
Aircraft Transportation Systems involving lower landing minimum
technology, remote communications, higher volume operations in

the terminal areaq, self-separation/self-sequencing, and specialized
airspace. Impact of Very Light Jets (VUs) on all aspects of trajectory-
based operations and avionics.

Special Topics: Please suggest ideas for sessions and panels that
feature special topics not covered by the above track themes.

For more information on the Technical Program, contact:
Bob Lyons, Jr.

Xcelsi Group, LLC

(571) 2209257

lyonsrp1@earthlink.net

PROFESSIONAL EDUCATION

As with previous conferences, we will offer two full days of
Professional Education sessions spanning many engineering
disciplines. These tutorials will be presented by educators

and practicing professionals considered experts in their field.
Professional Education topics should include: Basic and Advanced
Avionics Systems; System Engineering; Space Systems; Program
Management; Open Systems; Electronic Warfare; Human
Factors; Software Development, Test, and Certification (DO-
178); Environmental Qualification (DO-160); Intellectual Property
Considerations; System Safety; and many more. All professional
education sessions will offer Continuing Education Units (CEUs)
through IEEE. For more information, contact:

Maarten Uijt de Haag
Ohio University

(740) 5939562
vijtdeha@ohiou.edu

This year's conference will feature exhibits and product
demonstrations by representatives of key avionics-related industries.
To have your company represented in our conference hall, please
contact our Exhibits Chair:

Glen Logan
American Systems
(703) 602-0851, x112
(866) 648-0640  fax
glen.logan.ctr@osd.mil

SPONSORSHIP

The AIAA Digital Avionics Technical Committee (DATC) and the
IEEE Aerospace Electronics Systems Society (AESS) welcome the
participation of Co-Sponsorship for the 26th DASC.

Your contribution receives a booth space for your exhibit, a
half-page or full-page advertisement in the conference program,
listing on the Conference web site as a sponsor, complimentary
registrations, and tutorials that may be attended by your employees.
You may trade registrations for tutorials on a dollar for dollar basis
or vice versa. For more information on becoming a Co-Sponsor of
the 26th DASC, contact:

Glen Logan
American Systems
(703) 602-0851, x112
(866) 648-0640 fax
glen.logan.ctr@osd.mil

CONFERENCE LOCATION

The Adam'’s Mark Hotel Dallas lies in the heart of a city whose
new slogan is “Live Large, Think Big” describing the essence and
vitality of a city built on big dreams, freshly blazed trails and an
attitude that all things are possible. This richly diverse city offers

a thriving culinary scene, leading arts district, countless luxury
accommodations, professional sports, trendy entertainment districts
and endless shopping opportunities.
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EXPERIMENTAL RESULTS WITH ANEW DISTRIBUTED AIRCRAFT FUEL
CONTROL SYSTEM WHICH USES SMART FIELDBUS COMPONENTS

Carlos C. Insaurralde, Miguel A. Seminario, Juan F. Jiménez, Jose M. Giron-Sierra
Dep. Arquitectura de Computadores y Automética
Universidad Complutense de Madrid, Madrid, Spain

Abstract

Along the last years a new distributed control
system, using smart components and a fieldbus, has
been developed and presented in recent DASC
conferences. The present application example is the
substitution of the conventional central computer
aircraft fuel management system, with a new
distributed network of smart sensors and actuators,
capable of eliminating the need of a central
computer.

This paper is devoted to recent experimental
studies about the performances of the distributed
system. In this stage of the research it is interesting
to confirm the correct operation of the control
system for normal and abnormal fuel system
conditions. An important aspect is to take a detailed
note of the activity in the fieldbus. Another aspect is
to confirm that the dynamic reconfiguration
possibilities of the new distributed system, thanks to
the smart components, do work in abnormal
conditions.

The case under study in this paper is more
complex than the helicopter case taken initially as
reference, now it is an airplane fuel system with six
tanks in the wings and a tail tank.

1 Introduction

The research work presented in this paper on
distributed control systems, is linked to a European
Project [1] in which participates aeronautical
industrial partners and universities. The Project
central objective is to improve reliably,
performance, and safety on the aircraft fluid system,
using a distributed management system which
involves networked smart components [2]. The fuel
is usually the most critical fluid on the aircraft,
whereby tackling the fuel system, other aircraft
fluids like water, oil, etc, could be managed in a
similar way. Thus, this research work focuses
particularly on the control of the fuel system.

The assigned work, as academic entity of the
Project, was:

e To propose a methodology to define the
distributed smart control on the system.

e The simulation of the methodology
proposed.

e The experimental tests to demonstrate
reliably and safety of the distributed
control system.

e The collaboration to the final
development and the monitoring on the
no-scaled prototype’.

These concrete assignments make an attractive
research frame on real-time distributed control
systems with intelligent nodes. Thus, they
motivated us to research on such control systems,
and to give support to the project development at
the same time.

The main project idea is the substitution of the
conventional central computer aircraft fuel
management system, with a new distributed
network of smart sensors and actuators, capable of
eliminating the need of a central computer. Our
distributed control system study is focused on smart
components connected each other using fieldbuses
[3]; particularly CAN [4] and TTCAN [5].

We built laboratory aircraft scaled prototypes
which were useful to carry out the research
experiments. Eventually, the designed control
system validation was made on a helicopter no-
scaled prototype in the Company Eurocopter [6]. It
allowed reaching the Project objectives, and
employing validation testing procedures.

Table 1 shows the set of criteria employed to
choose Pressure Refueling, Engine Fuel Supply,
and Fuel Balance as the most suitable operation
modes to test on the fuel system.

! Real scale rig of a helicopter model (Eurocopter, Munich).



Table 1. Selection of System Operation Modes

. Criteria
Operation Modes A B C D E = Matches
Engine Fuel Supply X X X X X 5
Fuel Mass Indication X X X 3
Gravity Refueling X X 2
Pressure Refueling X X X X X X 6
Suction Defueling X X 2
Fuel Balance X X X X 4
APU Supply X 1

A involve all Smart components

D comprise other modes
E be significant for system operation

B have complex switching logic (more than ON/OFF)
C enable system/component failure demonstration

F consist of sufficient test, record and demonstration features

These three operation modes involve the most
of the components, the highest logic complexity,
and the most significant failures possible in the
system.

The Balance Fuel operation mode is related to
the support of possible failures in the system, and it
has directly connection with the system dynamic
reconfiguration. This kind of reconfiguration takes
place during the system runtime, and includes
systems developed to support some working
changes due to failures (fault-tolerant systems).

The experiments were made with laboratory
aircraft prototypes. They are scaled models of a real
fuel system corresponding to a helicopter and an
airplane. Besides, were employed different software
tools: a specific monitoring software application
developed by us, the Windows HyperTerminal
application for capturing information from each
smart component, and a particular commercial tool
to analyzing the CANbus.

This paper is structured as follows. Section 2
presents the framework, summarizing the Research
Project main ideas, and all the work made until
now. Then, in section 3, this paper focuses on the
experimental plan describing the procedures of the
experiments, and research environment. Section 4
and Section 5 shows the experimental results
obtained in normal and abnormal system operation
modes respectively. Eventually, last section is for
conclusions about the work developed.

2 Framework

We present in this section, a review of the
main concepts of the research work which were
already presented in previous DASC [7] [8].

2.1 Fuel Distributed Control System

We consider two levels in the system (Figure
1). One of them is the physical plant itself, with the
tanks, pipes, valves, fuel, etc. The other one
consists on the electronic circuits (microcontrollers
connected via fieldbuses; CAN or TTCAN)
associated to each physical component.

Physical Plant Level

Valve

| |
| |
! Level Level I
| TANK 1 TANK2 | BRI o
| Sensor plpe pipe y I
| [ S . 1
I_
(Microcontrollerw (Microcontrollerw
[ DISTRIBUTED CONTROL APPLICATION )

] !

Electronic Level

|
|
) .
|
|
|

i |

Figure 1. Two System Levels

Figure 1 shows a simplified sketch of part of a
fuel system. The physical plant level is on top,
while the electronic-programmable level is below.



The smart components make both levels can
interact and there is a microcontroller linked to each
smart component. The control application is
distributed on each smart component.

2.2 Smart Components

A smart component is an Intelligent
Mechatronic Components (IMC) which behavior is
according to a ‘holon’ [9]. In a system based on
holons, each holon has 3 interfaces: human
interface, interface to communicate with other
holons, and process interface. It also includes a
making-decision module connected to these
interfaces. The main characteristics of a holon are
autonomy, coordination, cooperation, and local-
global knowledge of the system states. Figure 2
shows the three parts of a smart component.

Control Software

] [
Control ‘ ‘
Hardware

Microcontroller

CANBus
Interface

Component Interface

L

Physical Component

Figure 2. Smart Component Architecture

e Physical Component: mechanical part
which corresponds to the physical action
to be performed by the component
(valve, pump, etc.). It represents the real
mechanical component.

e Control Hardware: electronic part
which has a microcontroller in charge of
the digital processing with two
interfaces: component interface
(Physical component) and CANBuUs
interface (fieldbus). It represents the
electronic circuits connected to the
component.

e Control Software: it comprises all the
software operating on each
microcontroller to control the
component, and interacts with others.

The control software and control hardware
(microcontroller, electronic interfaces with the
sensors and actuators, and the CANBuS) parts are
embedded into the component. Thus, we get a
component integrated in just one piece.

2.3 State Vector

The messaging protocol TTCAN has been
selected to keep all components informed about the
system state. This protocol continuously repeats a
cycle. In each cycle a state vector is sent to the
components, during time windows. The vector
contains a description of which components are on,
and which ones are off. It also contains the current
system mode. Figure 3 shows the idea of the state
vector: a series of bits (bitmap).

System Valve 1 Valve 11 Pump 3
Mode 2 open fails stopped
alof __jtiri___tlof__jofo

Figure 3. State Vector Concept

The TTCAN cycle establishes a set of time
windows. The component number k can modify its
part of the state vector in the time window number
k. When the state of a component changes itself,
this component uses its time window to change the
corresponding bits on the state vector.

2.4 Automata

As we presented in the Introduction, the fuel
system has different operating modes. Given an
operating mode, each smart component acts
according to the instructions of a local automaton.

Figure 4 shows a conceptual example: The
system departs in a situation in which a particular
pump (number 3) is in running state. If the system
is or gets in mode 2 and the valve 1 is open, the
local automaton of pump 3 must shifts to stopped
state. Pump 3 reads the state vector. When the
conditions for state transition are met (pattern
matching with a part of the state vector), pump 3
stops, and waits for time window 3 to change the
state vector, so the system is informed that pump 3
is stopped.
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Figure 4. Smart Component Local Automata
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When the system is started, the set of local
automata begins to work. It is valuable to note that
the global system behavior is a case of emergent
behavior: the result of the coordinated work of each
local automaton.

2.5 Automata Common Code

A main issue in avionics is certification. In the
case of this research, it means that code must be
simple, clear and structured. In addition, for easier
certification, only one program (control software) is
developed. All smart components have the same
code. This is denoted as common code. The idea is
sketched in Figure 5.
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Figure 5. Automata Library

Each smart component selects from the
common code its proper local automaton, according
to a smart component ID (identification number).

The distributed control application showed in
Figure 1 emerges from the combination of the
control software selected by each component from
the common code.

2.6 Common Software Code

The control software (common software code)
presented in Figure 2 has three different layers.
Figure 6 shows these three layers.

State Machine
SW

Component Specific
SW

Figure 6. Control Software Layers

e Base SW: this layer is the same for every
smart component and includes the
programming about the communication
protocol; CANBus handling (transmitting
and receiving messages), the control of the
microcontroller peripheral modules
employed, and the entire working
configuration.

e State Machine SW: this layer implements
all of the automata defined (automata
library). According to the identification
numbers (ID detected via hardware) of the
smart component, the smart component will
choose a particular automaton code.

e Component Specific SW: this layer is the
specific software (the driver) to control the
mechanical component behavior.

According to the Project central objectives and
the work assigned, these above methodologies were
proposed. Applying them, we want to demonstrate
the reliably, the performance, and the safety of the
aircraft fuel distributed control system. Besides,
with these methods, we also want to prove that the
system can support dynamic reconfiguration when
malfunctions in the smart components are detected.



3 Experimental Method

The experiments presented in this paper were
accomplished on the airplane laboratory prototype.
We captured digital data from the CANbus through
a CAN interface connected to a computer, using
application tools which store and display the
information obtained. Thus, we could analyze the
evolution of the tank levels, and the system
component states during the experiments.

The experiment main objective is to verify the
right working of the fuel distributed control system,
for engine supply mode under normal and abnormal
operation conditions.

One interesting advantage of using physical
simulations is that they can generate unexpected
phenomena (they do not normally take place in
computer simulations).

3.1 Airplane Fuel System

Figure 7 shows a schematic top view of an
airplane fuel system. In each wing there are three
tanks. The two closest tanks to the fuselage, supply
fuel to the engines through the pumps SP1 and SP2.
The tanks located in the center of each wing, are
sources of different transferences, supplying
especially to the two feed tanks. The extern tanks
guarantee that the wings do not bend themselves,
and these tanks do not get empty, unless it is
extremely necessary. There is also a tank allocated
in the airplane tail which is used to transfer fuel
from other tanks, or to other tanks, for balancing
purposes.

Figure 7. Airplane Fuel System Scheme

In our research, we only considered part of the
left wing (shadowed area in Figure 7) to make
easier the experiments and their explanation. Thus,
isolating this part of the airplane fuel system, we
focus in essential aspects which are easily
extensible to the full system with two wings
(obviously, except some special failures, the
processes in the left and right wing are the same).

Table 2 shows the smart component list
considered for the fuel system presented in Figure
7. An extra node is used; the Fuel Management
Controller (FMC) to attend the 1/O interface which
selects the operation modes according to the pilot
indications.

Each component has an 1D for identification in
the communication channel (CAN or TTCAN bus).
This ID also assigns a priority to each smart
component (node), at once of sending a message on
the bus.

Table 2. List of Smart Components

Coiwr?)?);ten i Description ID
FMC Fuel Management Controller | 0
FBV1 Feed Balance Valve 1 1
TBP Transfer Balance Pump 2
SP1 Supply Pump 1 3
BP1 Balance Pump 1 4
TVIF Transfer Valve 1F 5
MBV1 Balance Valve 1M 6
FGT1M Fuel Gauge Transmitter IM | 7
FGT1F Fuel Gauge Transmitter 1F 9
FGT3 Fuel Gauge Transmitter 3 10

3.2 Operation Normal Mode

We made experiments using a laboratory
simulator which reproduces the fuel transferences
on flight for the engine supply operation mode
under normal conditions.

Figure 8 shows the evolution of tank levels for
a real airplane during a typical flight, and normal
conditions in the system operation. Normal
condition means no one component failures (all of
them working correctly).
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Figure 8. Tank Levels for an Airplane Flight
during 8.15 hours

Following the tank levels showed in Figure 8,
we defined a sequential-logic procedure (similar to
the real one but not exactly the same one) of fuel
movement in four faces:

e Face 1: Takeoff. Tank 1 and tank 2 are
full. Tank 3 is empty. All the fuel
system must do, is to supply fuel from
tank 2 to the engine.

e [Face 2: Climbing. The fuel system
waited until tank 2 is depleted to an
established level. After that, the system
begins to transfer fuel from tank 1 to
tank 3, with the objective of optimizing
the airplane attack angle. This face
finishes when tank 3 is full.

e Face 3: Cruiser. Obviously, tank 2
must never be empty because it supplies
fuel to the engine. Thus, when tank 2
reaches a minimal level established, the
system begins to transfer fuel from tank
1 to tank 2. This transference is
accomplished by gravity, and the face
finishes when tank 1 is empty.

e Face 4: Landing. Before landing, it is
convenient to empty tank 3. Thus, the
system begins to transfer fuel from tank
3 to tank 2 as soon as tank 1 is empty.

Table 3 shows the different states of the smart
actuators during the flight, according to the four
faces defined, and with the system under normal
operation mode.

Table 3. States of Smart Components for the
Normal Operation Mode

SC Facel | Face2 | Face3 | Face4
FBV1 closed | closed | closed | open

TBP stopped | stopped | stopped | running

SP1 running | running | running | running

BP1 stopped | running | stopped | stopped
TVI1F closed | closed | open closed

MBV1 | closed | open closed | closed

3.3 Operation Abnormal Mode

In similar way, we made experiments using a
laboratory simulator to reproduce the fuel
transferences on flight for the engine supply
operation mode under abnormal conditions.

Abnormal conditions in the system operation
mean one component fails. We only considered that
TV1F fails. For instance, this failure can be that
TV1F does not open mechanically when it should
be or it does not send messages on the CANbus.

The evolution of tank levels for a real airplane
during a typical flight is the same one than for the
normal operation mode (Figure 8). Therefore, the
number of operation faces is the same we defined
before but there is a change on the activation of the
actuators in face 3. Now, the fuel path (from tank1
to tank 2) is not through TV1F rather it is through
an alternative path established by BP1, MBV1, and
FBV1. In this way, the system solves itself how to
transfer fuel between tanks (tank1 and tank 2). It
means the system finds automatically the way,
changing its working configuration during the
runtime (dynamic reconfiguration).

Table 4 shows the different states of the smart
actuators during the flight, according to the four
faces defined, and with system abnormal operation
mode.

Table 4. States of Smart Components for the
Abnormal Operation Mode

SC Facel | Face2 | Face3 | Face4
FBV1 closed | closed | open open
TBP stopped | stopped | stopped | running
SP1 running | running | running | running
BP1 stopped | running | running | stopped
TVI1F closed | closed | open closed
MBV1 | closed | open open closed




3.4 Experimental Context

Figure 9 shows a photograph of the laboratory
simulator built to test the distributed control of the
airplane fuel system. This simulator has a
mechanical structure which represents clearly the
two wings with three tanks on each one, and a
seventh tank on the tail.

Figure 9. Airplane Laboratory Prototype

There are several electronic boards fixed to a
front panel in the photograph. The boards are
connected via CANbus. Each board contains a
microcontroller. This is the microcontroller that
should be embedded in the real smart components;
but for our purposes, it is easiest to have direct
access to the electronics, so we have the
microcontrollers outside the mechanical part of the
valves, pumps, etc.

Figure 10 shows a monitoring tool and data
capture developed in Visual C++. This tool is useful
to monitor the CANbus capturing all the messages
on the bus. It allows representing graphically the
states of the actuators, and the states of the tank
levels on the laboratory prototype. This graphical
representation is made drawing a discrete signal on
the black line assigned to each component.

The most of the computer tool screen (top and
center) showed in the Figure 10, is employed to
show the actuator component states (valves,
pumps), and the states of the tank levels. At the
bottom left corner in the figure, is the state vector
bitmap separated by couples of state bits. At the
bottom right corner, is indicated the amount of
CANbus messages received, and the application
control buttons.

L ]

Figure 10. Monitoring Computer Tool

All data captured and proceed by this tools, are
showed on graphs for exhaustive analysis using
MATLAB, as we will see in the section 4 and
section 5.

Figure 11 shows the commercial application
screen from PCAN-Dongle provided by PEAK [10]
to analyze the messages on the CANbus.
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Figure 11. PCANVIEW Application

At the screen top are the messages received in
the CANbus, and at the screen bottom are the
messages sent. The node data displayed on the top
(from the left to right) are the message ID number,
message length, hexadecimal data representation,
message frequency, amount of messages, and
Remote Transmission Request (RTR) data.

We also used the HiperTerminal application to
look into the data processing of each
microcontroller, through a serial port interface.



4 Normal Mode Experimental Results

This Section presents the experimental results
obtained for the normal Engine Supply (ES) mode
on the airplane laboratory simulator showed before.

The information here presented corresponds to
sequence of transferences defined in Figure 8, and it
demonstrates the right working of the methodology
proposed.

4.1 Data Graphic Representation

This experiment generated 1600 messages.
Figure 12 shows the data of the level sensors
located on each one of the three tanks considerate.
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Figure 12. Discrete Levels from FGTs

Table 5 presents the possible logic states
assigned to the actuators and the system tank levels.

Table 5. Possible States of Smart Components

State State State State
[3 0 b} [3 1 bl [ 2 bl [ 3 bl
Valve closed closin | openin | open
g g
Pump stopped | N/A N/A runnin
g
Tank ﬁ)?/\llz\;v Above | Below | Above
Threshol low high high
threshol
d Level q level level level

Figure 13 shows the evolution of the SP1
states. The SP1 supplies fuel to the engine 1. When
the pilot turns on manually the ES mode, SP1 is
activated (running). Likewise, when the ES mode is
turned off, the ES mode is deactivated (stopped).
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Figure 13. SP1 States

Figure 14 and Figure 15 show the evolution of
the BP1 and MBV1 states which transfer fuel from
tank 1 to tank 3. Around message 300
approximately, both actuators turn off and then turn
on. It is owing to the tank 1 indicates that reaches
the medium level (between high and low) which is
a condition to stop the transference. It is the face
transition (from 2 to 3).
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Figure 14. BP1 States
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Figure 15. MBV1 States

Figure 16 shows the TV1F evolution that
controls the transference by gravity from tank 1 to
tank 2. We can see between the messages 600 and
800 approximately that MBV1 is turned off and
then turned on twice. It is owing to the tank 1
indicates that the lower threshold was reached
which is one of the conditions to stop the
transference. It is the face transition (from 3 to 4).
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Figure 16. TV1F States

Figure 17 and Figure 18 show the evolution of
the TBP and FBV1 states which transfer fuel from
tank 3 to tank 2. The same effect than in TV1F
occurs with TBP and FBV1 between message 600



and 800 approximately (face transition from 3 to 4).
Face 4 finishes around message 1520.
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Figure 17. TBP States
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Figure 18. FBV1 States

Figure 19, Figure 20, and Figure 21 show the
evolution of the states of tank 1, tank 2, and tank 3
respectively, along the 4 process faces.

TL H States

| |
0 200 400 600 800 1000 1200 1400 1600
Amount of Messages

Figure 19. Tank 1 Level States

In Figure 19, face 2 finishes when T1_TH
reaches the state ‘1’, and face 4 finishes when
T1 TH reaches the state ‘0.
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Figure 20. Tank 2 Level States

In Figure 20, face 2 begins when T2_TH
reaches the state ‘2’, and faces 3 and 4 only begin
when T1_TH reaches the state ‘1’.
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Figure 21. Tank 3 Level States

Figure 21 shows clearly the filling (beginning
at message 135 approximately) and emptying of the
tank 3 (end at message 1520 approximately).

Figure 22 shows the statistic results of
monitoring messages along periods of 3 seconds.
The most of the amount of messages is in the face
transitions. Face 1 begins around the cycle 12, after
it face 2 begins about cycle 53, next face 3 begins
proximally in the cycle 115, and finally face 4
begins around cycle 257.
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Figure 22. CANbus Load during Normal Engine
Supply Experiment

4.2 Captured Data Display

Figure 23 presents in rows each state vector
(bitmap of 64 bits) received from nodes.

Mede 0: 11000100 01000000 ]|00000000 | 00000000 | 00000000 | 00000000 | 01010000 [00000110 | |

Hode O: 11000100|01000000| 101010000 | 00000110 |

Hode 0: 11000100]01000000]
Node 0: 11000100]01000000 |
Node 0: 1100010001000000]
Node 0: 11000100]01000000 |
Hede 0: 11000100(01000000 |
Node 0: 11000100(01000000|
Node O: 11000100]01000000|
Node 0: 1100010001000000]
Node 0: 11000100]01000000| |
Hode 0: 11000100|01000000 | ]
Node 0: 11000100]01000000| |
Node 0: 1100010001000000]
fiode O: 11000100|01000000|
Hode 0: 11000100|01000000|
Node O: 11000100(01000000|
Hode O: 11000100(01000000 |
Node 0: 11000100(01000000]
Node 0: 11000100]01000000|
NHode 0: 11000100]01000000|
Node 0: 11000100(01000000|

101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110
101010000 | 00000110
101010000 [ 00000110 |
101010000 | 00000110 |
101010000 | 00000110
101010000 | 00000110 |
101010000 | 00000110 |
101010000 | 00000110
101010000 | 00000110 |
101010000 | 00000110
101010000 | 00000110 |

Hode O: 11000100|01000000|
Hode 0: 11000100|01000000|
Hode 0: 11000100|01000000|

101010000 | 00000110
101010000 | 00000110
101010000 00000110
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Figure 23. CANbus Monitoring with
HyperTerminal

Figure 24 presents the relevant states during
face 3. Itis like a “snap’ at 1146 messages.



Figure 24. CANbus Monitoring with Application

Figure 25 presents a report of CANbus
messages transmitted. The FMC is the transmitter
node which sends the most of the messages to the
CANbus. The FGTs send fewer messages than
FMC. The actuators send the fewest messages.

Figure 25. CANbus Monitoring with
PCANVIEW

5 Abnormal Mode Experimental
Results

This Section presents the experimental results
obtained for the abnormal ES mode on the airplane
laboratory simulator showed in Figure 9.

The information here presented corresponds to
sequence of transference defined in Figure 8. It
demonstrates the right working of a reconfigurable
system dynamically which supports the
methodology proposed.

5.1 Data Graphic Representation

This experiment generated 1000 messages.
Figure 26 shows the data of the level sensors
located on each one of the three tanks considerate.
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Figure 26. Discrete Levels from FGTs

The results obtained in this experiment are
similar to the previous one. The most significant
changes are in the behavior of FBV1F, BP1, and
MBV1 in face 3 (transfer from tank 1 to tank 2).

Table 5 presents the possible logic states
assigned to the actuators and the system tank levels.

Figure 27 shows the evolution of the SP1
states. The SP1 supplies fuel to the engine 1. When
the pilot turns on manually the ES mode, SP1 is
activated (running). Likewise, when the ES mode is
turned off, the ES mode is deactivated (stopped).
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Figure 27. SP1 States

Figure 28 and Figure 29 show the evolution of
the BP1 and MBV1 states which transfer fuel from
tank 1 to tank 3. The face transition from 2 to 3 is
accomplished between the messages 300 and 400
approximately. Face 3 begins after message 400,
where FBV1F, BP1 and MBV1 now participate of
transference from tank 1 to tank 2. It is owing to
TBV1F fails, so it does not work.
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Figure 28. BP1 States



©
T

~
T
|
|
|

MBV1 States
-

T

|

|

|

Amount of Messages

Figure 29. MBV1 States
Figure 30 shows the TV1F evolution which

indicates TV1F is closed every time because it fails.
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Figure 30. TV1F States

Figure 31 and Figure 32 show the evolution of
the TBP and FBV1 states. Both actuators turn off
and turn on several times between message 670 and
950 approximately. It is because the tank 2 level
oscillates between the states (‘1 and ‘2’) which are
the transference conditions (see Figure 33).
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Figure 31. TBP States
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Figure 32. FBV1 States

Figure 33, Figure 34, and Figure 35 show the
evolution of the states of tank 1, tank 2, and tank 3
respectively, along the 4 process faces.
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Figure 33. Tank 1 Level States
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Figure 34. Tank 2 Level States
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Figure 35. Tank 3 Level States

Figure 36 shows the statistic results of
monitoring messages along periods of 3 seconds.
Face 1 begins around the cycle 10, after it face 2
begins about cycle 21, next face 3 begins
proximally in the cycle 60, and finally face 4 begins
around cycle 140.
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Figure 36. CANbus Load during Abnormal
Engine Supply Experiment

5.2 Captured Data Display

Figure 37 presents in rows each state vector
(bitmap of 64 bits) received from nodes.

1111000000 |00000000] =

Dl 3]
Node O: L 100010000

Hode 0: 100010000 | 1111000000 | 00000000 |
Node 0: 100010000 | I 100000011 11000000 | 00000000 |
Hode 0: 100010000 | l | 1|11000000 | 00000000 |
Node 0: 100010000 | 1]11000000 | 00000000 |
Node O: 1 100010000 | 100000011 | 11000000 100000000 |
Node O: 100010000 | I 1/11000000 | 00000000 |
Node O: 100010000 | | 60000011 11000000 | 00000008 |
Hode O: 100010000 100000011 11000000 | 00000000 |
Wode O: 100010000 | l 100000011 11000000 00000100
NWode O: 1 100010000 | l I 1111000000 | 00000100 |

Node 0: 100010000 | 1111000000 |00000100|
Hode 0: 00000000101000000|00010000 | 00000000 |000000 oo I 00000011 | 11000000 00000100 |
Hode 0: 00000000 |01000000]00010000 | 00000000 | 00000000 | 00000011 | 11000000 00000100
Node 0: 100010000 100000011 | 11000000 | 00000100 |
Wods 0: 00000000 |01000000|00010000 (00000000 |onuoua 00 | 00000011 11000000 | 00000100
Bode 0: 00000000]01000000]00010000| 00000000 IODUDUU 00| 00000011 | 11000000 00000100
Hode 0: 100010000 | 111000000 | 00000100 |
Hode 0: 1 100010000 | I 011]11000000 | 00000100 |
100000011 | 11000000 | 00000100 |

Hode 0: 100010000 | I

Kode O: 100010000 | I 100000011 | 11000000 | 00000100 |
Hode 0: 100010000 | I I 011|11000000 | 00000100 |
Hode O: 101 100010000 | 100000011 |11000000 | 00000100 |

Hode 0: 00000000)]01000000|00010000 (00000000 |ODODEIO 00 | 00000011 | 11000000 | 00000100 |
¥ode 0: 00000000]101000000]00010000|00000000 | 00000000 | 00000011 | 11000000 (00000100
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Figure 37. CANbus Monitoring with
HyperTerminal

Figure 38 presents the relevant states during
face 3. It is like a *snap’ at 121 messages.

Figure 38. CANbus Monitoring with Application

Figure 39 presents a report of CANbus
messages transmitted.

Figure 39. CANbus Monitoring with
PCANVIEW

The results obtained in the CANbus
monitoring in this experiment, are similar to the
normal operation mode experiment.

6 Conclusion

In this paper different tools and methods
employed to get over the main ideas of the new
distributed avionic system were presented.

The experiments showed for the normal and
abnormal operation modes, confirm that the ideas

presented allow carrying out an aircraft fuel
management system which is distributed and
reconfigurable. Likewise, as a positive aspect of the
experimental studies with laboratory simulators, we
could also see improvable aspects of the
methodology proposed which suggests concretely
future steps in the research.

The aircraft distributed control system studied
and presented in recent DASC conferences, does
not limit only to the helicopter case, and it can be
applied to different aircraft fuel systems.

This paper contribution has been decisive to
able reach successfully the final demonstration in
the experimental prototype at real scale in
Eurocopter.

In the next future, although the system is
reconfigurable dynamically for particular cases of
failures, we foresee a wide study of failures on the
aircraft fuel system.
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