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Recent Safety Ad

U.S. and Canadian Operators Accident Rates by Year
Fatal Accidents - Worldwide Commercial Jet Fleet — 1959 Through 2006
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Data Mining in Support of Glc

Next Generation Air Transportation System
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Data Arises from Molecular tc
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The Anatomy of an Aviation
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From Irving Statler, Aviation Safety Monitoring and Modeling Project
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Operational Data ~ ~

Operational Surveys %

Anecdotal Reports
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Forensics
What Happened?
Discrete and
Continuous Data

Discovering Causal Factors
Why did it Happen?
Text Data

Predictions

What will Happen Next?
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Projections Y

From Irving Statler, Aviation Safety Monitoring and Modeling Project




Aviation Safety Rep

+ Can answers why an incident happened

* Over 100K reports

* Multiple authors (multi lingual writers)

* Inconsistent use of abbreviations and punctuation




Mining Heterogeneous C

in an aircraft during an

* Primary Source: aircraft
« Can answer what happened

Aviation Safety Incident

* Primary Source:
Radar data

+ Can answer what

* Primary Source: Humans
 Can answer why an
Aviation Safety Incident
happened

Sample Text
Report

) | JUST PRIOR
TO
TOUCHDOWN,
LAX TWR
TOLD US TO
GO AROUND
= BECAUSE OF
THE ACFT IN

happened in the National
Airspace during Aviation

Safety Incident

FRONT OF US.
Massive Data:
Archives growing at
100K flights per month.




Mercer Kernel Based Ap

for Discrete, Continuous, Textual, and other Sources

Multiple Kernel Anomaly Detection (KDD 2010)
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Multiple Kernel Learning for Heterogeneous Anomaly
Detection: Algorithm and Aviation Safety Case Study
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ABSTRACT General Terms

The world-wide aviation system is one of the most complex Algorithms, Human Factors, Performance, Reliability
dynamical systems ever developed and is generating data at

an extremely rapid rate. Most modern commercial aireraft Keywords

record several hundred flight parameters including informa-
tion from the guidanece, navigation, and control systems, the

Aeronautics, Anomaly Deteetion, Prediction, Prognostics




Gaussian Process Reg

for Discrete and Continuous Sources (typically for small problems, see below)

e Training data
* X data matrix of observations—n xd
* y vector of target data—nx 1
e Test data
e X* matrix of new observations — n*
e Covariance function
* Ky = k(wi,x;), K = k(o] x))
e Goal

e Predict y* corresponding to X*

e Model building
* Train hyperparameters on a sample of X
* Compute covariance matrix K (n x n)

e Prediction
xd * Compute cross covariance matrix K* (n* x n)
* Compute mean prediction on y* using

J=KT O+ K)y
* Compute variance of prediction using
C=K"—KNI+K)'K*"

Algorithm Analysis

e Storage Complexity: Storing covariance
matrix O(N?)

e Time Complexity: Computing matrix
inversion O(N3)

Mixtures of Gaussian Processes

Volker Tresp
Siemens AG. Corporate Technology, Department of Neural Computation
Otto-Hahn-Ring 6, 81730 Miinchen, Germany
Volker: Tresp(@inchp.siemens.de

Table 1: The table shows results using artifcial and real data sets of size N = 100 using
M = 10 GPR models. The data set ART is generated by adding Gaussian noise with a
standard deviation of 0.2 to a map defned by 5 normalized Gaussian bumps. numin is

V. Tresp. Mixtures of Gaussian processes. In Todd K. Leen, Thomas G.
Dietterich, and Volker Tresp, editors, Advances in Neural Information
Processing Systems 13, pages 654-660. MIT Press, 2001.
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« Number of sample points = 3 million. New method under review at ICDM 2010 for
distributed implementation for massive data sets (K. Das and A. N. Srivastava).

* Run time = time to build the model + time to evaluate 500 test points
. Hyper parameters tramed on 100 Sample p0|ntS L. Foster, A.Waagen, N. Aijaz, M. Hurley, A. Luis, J. Rinsky, C. Satyavolu,

M. J. Way, P. Gazis, and A. N. Srivastava, “Stable and Efficient Gaussian

. Accuracy does not degrade Wlth approx|mat|on Process Calculations,” Journal of Machine Learning Research, 10(Apr):857-

-882, 2009.



How do we get the

DASHIink

disseminate. collaborate. innovate.
https://dashlink.arc.nasa.gov/

DASHIink is a collaborative
website designed to promote:

* Sustainability

* Reproducibility

* Dissemination

e Community building

Users can create profiles

* Share papers, upload and
download opensource algorithms

* Find NASA data sets.

Coming Soon... DASHIink 2.0.

Wi DASH link

Discovery i onautics Systems Health

disseminate results and collz
on research problems in health
management technologies for
aeronautics systems.

Discover...
Topics Algorithms Data Members
View and disciiss Find and downlaad Rrowse and 1ise

Topics

[igorithis | Data |

Ashok Srivastava [l contact e

Username: ashok
Organization: NASA Ames
Member since: March 3rd, 2008

Ashok N. Srivastava, Ph.D. is the Principal Investigator for the Integrated Vehicle Health
Management research project at NASA. His current research focuses on the development
of data mining algorithms for anomaly detection in massive data streams, kernel methods
in machine learning, and text mining algorithms.

Dr. Srivastava is also the leader of the Intelligent Data Understanding group at NASA Ames
Research Center. The group performs research and development of advanced machine
learning and data mining algorithms in support of NASA missions. He performs data mining
research in a number of areas in aviation safety and application domains such as earth
sciences to study global climate processes and astrophysics to help characterize the
large-scale structure of the universe.
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Real World Impact: Flight Ope
Southwest Airlines

* NASA has open-sourced many wx  DASH link
of its key data mining algorithms —
for analysis of data from flight St e s

management technologies for

data recorders through R
DASHIink, our Web 2.0 portal for

the world. I, e (e
Southwest Airlines obtained e | T [ e
copies of sequenceMiner and dashiink arc nasa.gov
Orca, two advanced anomaly
detection techniques. véi

T ——r —
Early results indicate that

SOUTHWEST.COM’

operationally significant events |
have been discovered by these « Southwest Airlines
algorithms that would not be plans to incorporate

triggered by their existing algorithms into daily
methods. operations.



Mining Human Performance

Physiological Measurements
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* Near real-time
decision support

* Understanding
fatigue with an
objective
approach
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To NASA Data Mining Team
+ Daily data

+ 300 GB flights per month
* Physiology, text, cockpit,

engines and flight parameters,
flight path, network nformation.

v

NASA Data Mining Lab (Mountain View, CA)

Sample Text
Report

JUST PRIOR
10
TOUCHDOWN,
LAX TWR
TOLD US TO
GO AROUND
BECAUSE OF
THE ACFT IN
FRONT OF US.




Data Mining in Scienti
* Aeronautical Systems

— 100K flights per month
e Earth and Space Science

— Earth Observing System generates ~21 TB of data
per week.

— Ames simulations generating 1-5 TB per day
* Exploration Systems

— Space Shuttle and International Space station
downlinks about 1.5GB per day.

* Kepler Planetary Discovery Data Systems
— 100K solar systems every 30 minutes



Introducing NASA Earth E
Collaborative Eart

NEX provides a platform for researchers to share information and data derived from NASA’s Earth
observing satellites. Its goal is to encourage exploration and collaboration to create new ways to
understand and improve life here on Earth.

Public Release: August 2010



NEX website and DASHIlink

* Collaboration with NASA on Projects (and initiating the process for further collaboration with NEX
researchers on NASA supercomputing facilities).

* Share Resources: Papers, algorithms, data sets etc.

* Find and contact other researchers in your field via member profiles.
* Learn about other cutting edge work at NASA and beyond.

* Cross reference work on DASHIlink and NEX.
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Browse available data sets, algorithms, and publications put up by DashLink members for everyone free to
download. Your search result: 3 item(s)

sort: -created

Filter Your Results

Single Line Multi Line
Start Over

by @ date @ tile @ #of downloads

by Resource Type:

None A Download ) n

- A . Algorithms
Y Li-ion Battery Aging Datasets 5 Downloads
y A Dataset, Caroline Hardoyo's Collection Updated: Apr 15,10

This data set has been collected from a custom built battery
prognostics testbed at the NASA Ames Prognostics Center of
Excellence (PCoE). Li-ion batteries were __

by: chardoyo by Date Posted:
Today
None P A Download €& Last 7 days
-~ Ares I-X Ground Diagnostic Prototype 5 Downloads i
- A Publication, Machine Learning and Controls Lab Development Updated: Apr 15,°10 by Contributors:
The automation of pre-launch diagnostics for launch vehicles offers Me
three potential benefits: improving safety, reducing cost, and reducing Chris Fattarsi
launch delays. The Ares X Ground Diagnostic ... Caroline Hardoyo
by: chardoyo Petr Votava
Wf T NonePa Download € by Research Areas:
('/ .‘/\ First Algorithm 5 Downloads Diagnostics
yx) An Algorithm, First Profect Updated: Apr 15, "10 Prognostics
G Cara's algorithm Mitigation
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NASA Earth Exchange C

Terrestrial Ecology
Land Use/Land Cover
Carbon Cycle Science
Ecological Forecasting

Biodiversity
Data Mining
Machine Learning
Climate Change Impacts

Social Networking Audio/Video Real-time
Collaboration

PROTOTYPING FACILITY
(Models, Tools, Data, Software Utilities)

Development

Grand
Challenges

DATA COLLECTIONS
8,000 dedicated cores 1PB on-line + 10PB tape

(further access up-to 100,000 cores) (Climate, Satellite, Model data)




The Data Mining

Group Members Funding Sources
Ashok N. Srivastava
Kanishka Bhaduri
Kamalika Das
Santanu Das  NASA Engineering and Safety Center
Elizabeth Foughty
Dave lverson
Rodney Martin

* NASA Aeronautics Research Mission
Directorate- IVHM Project

* Exploration Systems Mission Directorate
Exploration Technology Development

Bryan Matthews Program, ISHM Project
Dawn Mclntosh « Science Mission Directorate
Nikunj Oza

Mark Schwabacher

John Stutz

David Wolpert
+ 7 summer students

Team Members are NASA Employees, Contractors, and Students.
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