SST: COLLABORATIVE PROJECT -

SELF-SUPPORTING WIRELESS SENSOR NETWORKS

FOR IN-PROCESS AND IN-SERVICE INTEGRITY MONITORING
NSF GRANT DMI-0427840, SEPT 2004-AUG 2007

@ To investigate the scientific principles of
how to harness information from a large
network of self-sustainable sensors for
quallty and |ntegr|ty mcnltonng in

ose at

the core oﬁhe manufadunng and
service enterprises
a Two facets of this objective are:
To fabricate self-sustainable wireless

sensors,
To develop a framework to analyze the =,
distributed sensor data p—
@ Vision: Integrity monitoring of large
ing and service i

@Energy Harvesting Principles
@PMPG Sensor Design

@ Sensor Fabrication
@Component Integration

Energy Harvesting

@ Seismic vibration of electromechanical
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Sensor Design and Fabrication

Inteaigtated Hectrode

@ Schematic

i~

a SEM of the fabricated PMPG deVIce with bond pads

.

a Stress Control C: (a) PZT/ZrO2/SiC
PZT/Zr02/Si02(PECVD) (c) PZT/ZrO2/SI02(PECVD)/SiNx

@ Possible collaborations are being explored
with the following companies and agencies
US Department of Transportation

@Procurement of line pipe samples for the
experimentation test bed

Intelligent Automation Inc.
@Dissemination of the new sensing principles for
prognosis applications in commercial and defense
sectors

Xlang Zhang

a Integration of MEMS-based sensors with an energy harvesting device and @
RF transducers for the applications of the self-sustainable sensor

Satish Bukkapatnam

Task 1: SENSOR DESIGN: To design and fabricate miniature wireless RF sensors
!Pr?l can harvest energy from the ambient environment (e.g., from acoustic waves).

a Deciphering information from sensor s%nals including scenarios where
signal to Noise Ratio QSNR) is low for effective monitoring using
conventional so that ar damage are detected

in their |nc|p|ent stages

a
@ Integration of information from a large network of such sensors in the form
of compact models that, have been theoretically proven to yield robust
T estimates of damage and degradation in complex systems. -
@ Survivability of complex sensor networks

@ Real-world systems including various manufacturing machines and processes are complex
Nonlinear stochastic dynamics
nonstationarity, bursts and intermittencies i sensor data

@ Models and capturing this. are i for effective
and control
& S d provide an and cost-effective way to

Assure quality in manufactured products

a qualty have shrunk by 3 ord 1940's
Manage nation’s engineering and information assets,
@ maintenance currently costs exceed $1Trillion per year

Features

Procesws

Sensor-hased Modeling

a gl the istical and

foundations of
with nonlinear dynamic systems theory

& Captures this complex process dynamics from sensor signals in the form of
‘Cllstomized Tult-scale fepresentafions and,
Formal nonlinear stochastc difierentil/diference equation (n-SDE) models
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& Applications. -

Traditional and Emerging Manufacturing Machines and Processes

Structural health monitoring, Network traffic monitoring, Dynamics characterization
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Blind Process ldentification
a Data from wireless sensors tend to have poor SNR for analysis
using conventional methods

o Strandlets: Piecewise eigen representation
Builds on our previous work on customized multi-scale representations

Sigral with Bursts

Local

Characteristic Signal
Strand for Lifting

Results

@ Piecewise eigenfunctions capture the basic
shape of the trajectory

@50-80% reduction in noise possible
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is done in two stages:

Device fabrication and their characterization

To integrate them as a part of a large sensor system consisting of components for power
eneration, sensor and RF transmission

Task 2: SENSING PRINCIPLES DERIVATION: To decipher information buried in
the, feeble signals from a network of self-sustainable sensors, and to synthesize
models for monitoring in-service integrity of large complex systems

Task 3: PERFORMANCE ASSESSMENT: To validate the new framework by
assessing the performance, through lab and some field experiments, for in-service
integrity monitoring of pipeline infrastructure.

@ Two New Courses Developed
Multi-Scale System Design and
Manufacturing (at MIT)

RFID and RF Sensing Applications in
Manufacturing Systems (at Oklahoma State)
@ Laboratory for Sensor Networks and
Complex Systems Monitoring Research

Multiscale Design and Manufacturing

@ Created and offered in Fall 2004

RFID and RF Sensing Applications in
Manufacturing Systems

Seminar Course to be offered in Spring 2005 at Oklahoma State
Builds on Fall 04 cBprse-fallising on.Sensor based madeling (Enro\ment 20 students, mcluqu 2

Famd iion fom GELD! mambers het inclid Haibiron and walman as wel as a few defense
agencies anticipated
Course focus will be on the impact of these technologies on quality and integrity improvement

@ PMPG sensor manufacturing for temperature and strain
measurement

@ Pipeline integrity monitoring test-bed development
@ Distributed computing platform of sensor data integration

@ Methods for fast process identification and feature
extraction

@ About 1000 Sq. ft. Lab
space sanctioned in
Advanced Research and
Technology Center at
Oklahoma State University
Leveraging Grant from
CELDi an NSF I/UCRC




