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Annual Worldwide Air Traffic
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Ehe New JJork Times
Fatal Airplane Crashes Drop 65%

September 28, 2007 SIGN IN TO E-MAIL OR SAVE THIS FEEDBACK

Twenty Years of Fatal Airline Accidents

Since a 1997 goal to reduce the rate of airline accidents by 80 percent, fatal accidents have fallen. Roll over the boxes for details.

Number of fatal accidents p 15
per 1 million departures

Each box represents one
fatal accident on a major
airline or commuter plane.

Number of fatalities 1.0
1or2
3to 30
30+
05

Note. Box heights have been
scaled according to the number of
departures each year. Accidents
caused by terrorism or other
criminal acts are not shown.

1990 . 1995 2000 2005

Source: http://www.nytimes.com/2007/10/01/business/01safety.html?_r=1&oref=slogin Www.hasa.gov
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Top Challenges according to the National Research Council’s
Decadal Survey of Civil Aeronautics
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FIGURE 3-5 NASA and national priorities for Area C: materials and structures.
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Management

’ Integrated Vehicle Health Management ‘

Principal Investigator: Ashok N. Srivastava, Ph.D.
Management Project Scientist: Robert Mah, Ph.D.
Project Manager: Joseph E. Grady, Ph.D.,
Associate Project Manager: Susan Johnson, Ph.D.
K Project Coordinator; Elizabeth Foughty /

Strategic Partnerships and

NRAs
Robert Mah, Ph.D.

. Systems Analysis and
Sub-Projects Technology Integration
Robert Mah, Ph.D. (acting)

Data Mining and Information
Analysis

Verification and Validation

A Eric Cooper
Ashok N. Srivastava, Ph.D.
Airframe Health Management Propulsion Health Management Aircraft Systems
Rick Ross John Lekki, Ph.D. Scott Poll
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Work Flow

LEVEL 4 System-level IVHM 4.1.1 Development of IVHM technologies
IVHM 4.1.2 Assessment of IVHM technologies
IVHM 4.1.3 Documentation and public dissemination of IVHM technologies

LEVEL 3 Integrated,
multidisciplinary-level

A Systems Analysis and Technology Integration A

Verification & Validation Data Mining & Info Analysis

N
V%

\\/; Airframe Health Management Propulsion Health Management Aircraft Systems Management \\/

A A A

LEVEL 2 Disciplinary-level

Evidence Gathering and Detection and Prognosis and Integrating and Coordinating Health
* Sensing Diagnosis 4 Mitigation Management Systems

LEVEL 1 Foundational research level

Sensing Design Systems
- Sensor & Actuator Technology - Design Methods Y - IVHM Architectures

Detecti Modeli Mitigation - Simulation Methods

election . ode’ng. . . - Integration & Control - Verification Methods

- Detection Theory & Reasoning Methods - Physics-based & Data Driven Modeling - Advanced Materials - Validation Methods

- Experimental Methods

Data State

- Data Mining & Advanced Data Analysis - State Awareness

——(—

www.nasa.gov
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Technical Approach
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Systems
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Diagnosis
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Interaction

between IVHM
and

Research Areas

Airframe HM

Propulsion HM

Aircraft Systems
HM

* Development of
structural damage
sensing technologies
» Self powered
wireless sensors

*High temperature
sensing, wireless
communication, power
scavenging

*High temp. microwave
& optical sensors

* Interpretation
of sensor data
for structural HM
* Detecting
electrical
hazards

* On-board
modeling to
track gradual
degradation and
detection of
abrupt or rapid
changes in gas
path

*Sensor fusion,
detection,
diagnosis, &
isolation for
actuators,
electrical power
systems and
avionics.

« Computational
methods to predict
damage initiation and
propagation.

* Predict damage
propagation & remaining
useful life.

* Self healing materials

* Electronics robust to
EMI

* Physics-based
prognostics for high
temperature static
structural components

*Prognostic methods for
actuators, avionics, and
electronics.

*Mitigation concepts for
Single Event Effects
caused by ionizing
radiation.

* Modeling
interactions
between hydraulics,
structures, and
electrical
components to
enable diagnostics
and prognostics.



Interaction

between IVHM
and

Research Areas

Systems
Analysis and
Technology
Integration

Verification and
Validation

Data Mining and
Information
Analysis

* Generate
requirements for
sensor technology
based on future
aviation trends.

Integrated systems to

gather and analyze
large heterogeneous
data repositories.

* Generate
requirements for
detection and
diagnosis
techniques
based on future
aviation trends.

« Simulations to
enable detection
of non-robust
elements in state
space.

*Advanced
algorithms for
anomaly
detection and
diagnosis using
heterogeneous
data.

* Generate
requirements for
prognosis and mitigation
techniques based on
future aviation trends.

* Simulations for
automatic test case
generation

+ Algorithms for aircraft
level prognostics.

+ Algorithms for system
level detection,
diagnostics, and
prognostics using
complex data.

* Management and
coordination of HM
systems

» Adaptive
reconfiguration of
subsystems
(excluding
effectors, engines,
and control
surfaces).

* |[dentification non-
robust regions of
complex state
spaces.
Integration of flight,
propulsion and
airframe structure
via simulations.

*Algorithms for
automated
information
integration.

* Generation of
prior distributions
for IVHM



Schedule
2008 2009  [2010  [2011  [2012

- 4.1.1 Development
of IVHM
technologies for
evidence gathering
and sensing,
detection,
diagnosis,
prognosis, and
- B

4.5 Establish requirements for future
work, assess current work and
=== coordinate integration of IVHM elements.
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Cross-Project and Program Coordination

Project or Program Activity

Airspace Systems Data mining for capacity planning

Hypersonics Distributed control techniques

Air Force NASA-AF Executive Research Committee

Www.nasa.gov
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Collaboration Through NRAs

S NG
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Proposals Received /

Area Description Recommended
Topic Area 1 Detection, Diagnostics, and Prognostics 60/9
Topic Area 2 Advanced Materials and Sensors 9/4
Topic Area 3 Environmental Hazards 171
Topic Area 4 Verification, Validation, and Predictive 8/2
Capability
Topic Area 5 Data Mining and Information Analysis 1312

91 proposals received with 18 recommended for selection.
8 Round 1 NRA proposals are underway.
SBIR process is underway.
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TECHNICAL
ACCOMPLISHMENTS
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Initial Characterization of Sensor Placement
Methodology for Propulsion Systems
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Turbofan engine with sensor type and locations.
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Performance of Sensor Placement Methodology
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Innovation from George Kopasakis and Shane Sowers, NASA GRC www.nasa.gov
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World Record Amplifier Operation at
High Temperatures
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World Record Amplifier Operation at
High Temperatures
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undamental Research into Fast and
Accurate Predictions using Data Mining
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IVHM Data Mining Lab

Collaborate. Innovate. Disseminate.
Implement proof of concept website for dissemination of IVHM related
papers, code, publicly available data, and algorithms.

Published Results allow
IVHM elements to progress
in work and IDU to develop

new methods, allowing both
to move on to new or more
complex problems.

SME and Data Miners
publish their

improvements/inputto
website.

Data Mining NASA IVI—_IM
Community & Community
the General

Public

Other SME and Data
Miners see correlation (via
the website) between their

roup attempts to help
lems using current
rithms, but also uses

3 to develop new DM

"~ methods.

IVHM Elements provide
problems and Data Sets to
the IDU group on the

problems and ours and
also provide IDU with
problems/Data Sets.

website.

Www.nasa.gov
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Questions

MY Real-TIME
ANALTGIS TELLS ME
(T's GMOOTU SAILNO.
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