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Why Here, Why Now, Why Us?

e History — Why a DOE Program, ' A |
Why ORNL, Why Eaton? ' |

e Goals — Program charter,
mission, approach

e Path —Where program is today,
Partners involved; Integrating
wireless and microsensors

e Future —Where technology is
headed and why.

e Key Players — WINA, NIST,
Suppliers, End Users, ISA, A key player in the wireless business!
IEEE, Researchers GuessRilloe

>
- >
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Why Work with Industry?

2001 Energy Use

Transportation

Industry 58%

Industry is the largest 35%

single energy-consuming
sector in the Nation.

) . Commercial
Residential 17%

20%

Energy Savings Benefits

Lower production costs
Environmental compliance
Reduced waste  Environmental
Increased productivity Quality

* Improved competitiveness . National Security

« Economic Strength
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Department of Energy — A Major
Player in US R&D Landscape

DOE’s $8.7B Important to Nation

B DOD
CINIH
Bl NASA
E DOE
B NSF
B DHS
B Other
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DOE Has Broad Mission
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Energy Efficiency - Specific
Industry + Cross-Cutting

Focus on energy-intensive industries...

Industrial Energy Use: 35 Quads _
...and cross-cutting

Forest areas:
Products gtgg|

e Sensors &

Metal Casting A _
utomation

e Advanced
Materials

Refining

e Combustion

e Industrial Energy

Glass cvst
Aluminum JELEE
Mining 2Quads = * Technology

340,000,000 Delivery

_ barrels of crude
Chemicals oill
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National Research Council (NAS)
Identified Wireless Research Needs

e Interference Rejection — self-
interference from metal surfaces,
lots of sparks and other sources

e Integrated Intelligence — reduces
need for host communication

e Reliable Networks — ad hoc
routing, security

e Power — harvesting and new

batteries
e Standards — communication, =
iInterfaces, and protocols Manufacturing Process Controls for the Industries

of the Future - Free PDF version at NAS

Presidential Advisory Committee report identifies industrial wireless with
potential for 10% energy reduction and 15% emission reduction.

OAK RIDGE NATIONAL LABORATORY ekt
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ORNL’s History of Harsh Environment
Wireless and Microsystems Pushes On

e Robust Communications in
Extreme Environments

— Markets: Energy, National
Security, and Transportation

e Tagging and Tracking Systems

— Markets: Energy, National
Security, and Transportation

e RF and Microwave

94 GHz Reflective-Environment

Measurements Communications System
— Markets: Energy, National SRS
Security, and Science Video Intercept Receiver

* Microsensors Innovative Technology Base

—Microcantilevers Bl 1

— Ultra-low power  §
electronics

Shipboard Cargo Tracking System

OAK RIDGE NATIONAL LABORATRY

U. S. DEPARTMENT OF ENERGY UT-BATTELLE
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Electronic Readout/Telemetry
k_Miniaturization by ORNL

Telemetry
Readout

Present Chip Set
(enlarged)

—_
—_
-
—_

1st Generation

2nd Generation
OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY
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Integrated Microsensor Array - Platform
for Low-Cost, Widespread Application

o A T
i o @

Applications

e Buildings can realize energy e
conservation and improved indoor air
quality (IAQ)
— Cost-effective sensors and networks . =

estimated to save 20%-30% while Improving  Microsensor Array
|AQ monitors CO,. humidity,

: temperature, and
e Motor-driven systems room occupancy

— Advanced energy management monitoring
and diagnostics can achieve significant

savings if monitoring and communications
are available

OAK RIDGE NATIONAL LABORATORY .
U. S. DEPARTMENT OF ENERGY WINA UT-BATTELLE
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by Microsensor Arrays - Ubiquity?

OAK RIDGE NATIONAL LABORATORY
U. 5. DEPARTMENT OF ENERGY

Micro-Cantilevers

Length
Width

Thickness

: 50- 500 um
:10-50 um

:0.1-4 um

UT-BATTELLE



Vision: Industrial Wireless —
Moving Forward

Industrial wireless technology will be
e robust,

e reliable
e cost-efficient
e totally secure

e often integral to the measurement
device

e the obvious choice for monitoring
and controlling industrial processes Get pdf at WINA web site
to optimize resource efficiency and
productivity.

December 2002
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e Standards — ISA SP100,
IEEE 802.15.4, IEEE
1451.5!

e Suppliers —growing group
but still struggling to meet
real requirements

e Government — Looking for
Impact on environment,
energy efficiency, global
competitiveness and even
jobs!

So, What's the Holdup??!

OAK RIDGE NATIONAL LABORATORY .
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We’'re In It Together!

Honeywell

magination at work

e Project Success — credibility,
cash flow, profit, impact

e Project Focus — Standards and
WINA

e Project Status — Prototypes
ready

OAK RIDGE NATIONAL LABORATORY .
U. S. DEPARTMENT OF ENERGY WINA UT-BATTELLE
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http://www.ge.com/en/
http://www.honeywell.com/

Standards — Maximum Impact

DOE Program Impact on Standards — permit introduction
of entire suite of wireless products from many vendors
supporting the “ubiquitous sensing” model in vision.

e Standardized methodology to

— Assess environment — light to harsh, RF and
other

— Assess application — latency, throughput, etc.

— Assess options —technologies, products,
standards

— Assess deployment —initial stability, ease
— Assess performance — against requirements
— Maintain —tools, costs, upgrades

OAK RIDGE NATIONAL LABORATORY ekt
U. S. DEPARTMENT OF ENERGY WINA UT-BATTELLE
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Wireless Industrial Sensor
Networks — Multidisciplinary!

e Wireless —radio,
packaging, antenna

e Industrial — harsh
environment, fault tolerant, |
safety related, cost .

o Sensor —filters, sampling, [ . 0 &

sensitivity, interferers, e,
controls | x .
e Networks — real-time, il Ly

latency, throughput,
security, integrity, vertical

Integration .
J Data — The Coin of the Realm!
OAK RIDGE NATIONAL LABORATORY
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RF Environment - Surprise! @30z

Gt [Samus [ Daahwr{mmam | | No Action

I0kaME  SLESUVEY é?v':f 1.0 GHz - 2.0 GHz

A Broadband Noise Source detected PSD from 150KHz — 3GHz
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Can Commercial Grade Cut It?

Government Labs

Wireless
Intelligent
Network

ring/

. Industrial
Consumer Academia Markets
Market Industry/Consortia High Quality
High Quality Low Cost
High Volume High Volume
Low Cost High Integrity

Low Integrity

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

National

Defense
High Colst
Low Volume Wireless
High Quality wWarrior

High Inte:,gr-ity

WINA

UT-BATTELLE
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Exploiting Defense and Commercial
Wireless For Industrial Applications

e Reliability -
— Mesh - Billions of $ from DOD

— Spread Spectrum — FHSS, DSSS, Ultra-
Wideband

e Power
— Harvesting — vibration, RF, PV
— Low-power Designs — ASICs, FPGASs, DSP
— Protocols — Low-duty cycle - ZigBee
e Security
— Encryption — AES, WPA, WEP
— Physical — RF layer, FIPS 140-2
— Integrated — impacts on throughput, latency, rellablllty

OAK RIDGE NATIONAL LABORATORY PRl
U. S. DEPARTMENT OF ENERGY WINA UT-BATTELLE
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Barriers and Pathways - Acceptance and
Deployment

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY

e Demonstrations — DOE Three

Projects at refineries and other
processing sites

Publications/Presentations —
EPRI and Comanche Peak,
Sensors Magazine, ISA Show
and Sensors Expo

Standards — IEEE 1451.5 to be
voted this year, ISA SP100
draft in early 2006
Qualification — against
standards, environments,
Interoperability, co-existence

Simulations —vs “Can you hear
me now?”

VITNA -

20




Strong Relationships with ISA &

sSensors
SIGNAL

Growth Forecasts

o

s Group (WDRG, San Matea, CA,

softwate, professional,

nin

tians svstems allow wsers o e

st waeless commercial grade Jamart ch
I the market with the smales
s

ity e i fons with respeet o distance, throughp,
suys lin MePherson, president of WDR and uthor of the study. “T s that compa-
ke remotely ma o

works that will

Directory i Calendar | Discussion Forums | ISA Home_ Login

~ New Positiol

Home
Conference
Calls
Meetings
Resources
Drafts

on and transportation logistics of the

; : irel fse & .wina.org. [
ISA-SP100, Wireless Systems for Automation At Wiréiess Sxpertise atommu .o -

» Print this Fage packet stream and AF spectram analyt

A word from the Chairman svements B 5o ditectic o e

. o o . ; SENSors” X D) 'Signal Conditioning
In working to assure confidence in, and the integrity of, wireless technology, and to pravide a d 2005 e od| r Din Packag
criteria for implementation in manufacturing autornation and control systems, the ISA-SP100 e Baltimore, MD i 2

Committee recently launched four project tearns. Each team’s goal is to develop docurnents that
will help users make the right decision on industrial wireless implementations. Wireless Sensors
The publishers of Sensors launch Wireless Witeloss Seasors

Sensors in 20061
EXPRESS

The first project team will develop an educational technical report that covers the basic concepts
of radio transmission—the physics of radio. The report will cover free space communication of a
transmitter and receiver under ideal conditions; address real earth propagation effects such as
moving objects or multiple path communication; and deal with issues such as interference related For a free subseri
to sharing the license-free band spectrumn with others. This technical report will provide new users 7 b g > (VAL IE click here.

with a better understanding of the chaoices and tradeoffs offered with wireless applications in faow millenoial owy . R Post lnnus index

industrial environments. For more infarmation on this activity or to volunteer, please contact Ake i i dees an

Severinson, (§00) 663-5506, ake@ormnexcontrols.com,

To address the many levels of industrial environments, ranging from the benign to the extremely
harsh, the second project team will develop an industrial wireless requirements document. Based
on a USDoE-funded program involving Eaton, General Electric, and Honeywell that collected data

Senices.
Het demonstiater

ion to Wirelsss Sensars,

For advertising opportunities please click here, |———— =Sl
1st Quarter 2005 iy <1, 210105
Wireless for Industry T T Industry News

Sensors Express In 2004, Sensors published two Wireless for Special Supplements L
Sensors Buyer's Industry supplements. Sponsared by the

» Carbon Manctubes

: ! X i A Guid

on customer wireless requirements, this docurmnent will cover wireless applications, such as “:':L_“ :”:;’E‘jsﬁc‘:ﬁ;ﬁ;”{i?:tyﬂu;:J:jg’:‘!'zlcnzngm‘ é"’eady Imacting

rmonitoring and control, and will develop a taxonomy of wireless autornation networks, The team’s — nelvf:urks o oll strives for industrial ves. For ensing

objective is to provide end users with a better feel for where their application fits in the overall EERESNIEr P » HART Plant Of The Year

: 5 : i A 5 ] 2005, wie expand our coverage of wireless Maminations Due June 30

industrial environment hierarchy. For more information on this activity or to volunteer, please [T T—— Sensor networks beyond industrial applications

contact Tom Phinney, (602) 313-5889, tom phinney@honeywell.comn. Industry Links to include medical, asset tracking, and more " ;s;;;gzg:;:#;;:;ny

The third project team will develap a technical report that covers interoperability issues and how Events|Cslcreiay » Genter for Electra-Optic

sensar networks should interact in an industrial environment. While some of these issues will be [rr— Sensors Covers Sensors Being

addressed in the requirements document, this report will examine co-existence and performance Reader Service . Investigated

in greater depth. Work is currently underway within this project team to develop a matrix . UiETeis E S Ra weane] Wireless » Mew Launch Part of

identifying levels of interoperability and providing the rationale for their use. For maore information Product Mart Here's a sampling of articles Sensors has done PerkinElmes's Home/Car

an this activity or to volunteer, please contact Bill Drake, (301) 944-1300, on wireless data communications. We hope Strategy

hluelynxwireless@yahno.com, or Peter Fuhr, (331) 585-7558, peter.fuhr@apprion.com. you find them helpful. Need further assistance? » Phoenix Contact Unvells
Contact us: sensorswireless@@advanstar com Mew Infamakile

The fourth project tearm will create a "User Guide," providing sufficient guidance to allow users to
deploy and use wireless networks in an industrial environment, The guide is intended to be
comprehensive, not only helping users achieve a wireless solution but also assisting them in
rmaking the right decision on their wireless implermentation through tools such as a "buyers' SEARCH
checklist." For more information on this activity or to volunteer, please contact Wayne Manges,

» MOTE NEWS ...
Wireless Sensors—Buyer Beware

Standards-Based Wireless Metworking Alternatives
Iz Wireless Ethernet Safe to Lse? TeChwm

Battery Power for Remote Wireless Sensors

7
MICA: The Commercialization of Microsensor Motes 20%
- . & .

21

.
.
.
(965) 574-8529, mangesww@ornl.goy, or Anoop Mathur, (612) 951-7734, - # Using Wireless Sensors to heasure Gaps Efficiently Special Issue
anoop mathur@honeywell.com. ErtitElSite Y o ‘Wireless Sensar Network T
Wayne Manges N — . Eejure Low-Power Operation of Wireless Sensor Metworks
ISA-SP100 Cormmittee Chair > . g Scrap with Wireless Data and Power Ol Exclusivas
BEST + How Secure Is Secure?
- o= ® MWeet the ZigBee Standard Z:;::’s:ir;:wmss
Sensors eXpO + Power C for Wireless Senzor Metworks »Wish List
OAK RIDGE NATIONAL LABORATORY Pradl !»m ! « The Senso e A Diebute, Wirsecs Morioring Sy
. .
.
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Power Consumption

Standard Wireless Technology Map - 2004

$$54mm

Cost/Complexity

o

LR-WEAN :

i i i
1Mbis 10 Mbis 100 Mbis

Data .Rate >

l
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Eaton Wireless Sensor Network

for Advanced Energy Management Solutions

Project Surnrary

Goal: Enable significant energy savings for Advanced Energy
Management Solutions (AEMS) in the Industries of the Future
(loF).

Challenge: Creation of an open architecture, low-cost,
robust, self-configuring wireless network that will gather
relevant data in the industrial environment for the loF.

Beneflts: The wireless-enabled power management system
is broadly applicable to all 8 IoF. Deploying WSN to the
electrical distribution and power control system enables
quantifiable energy savings. Estimated energy savings
greater than 279 trillion Btu/year in 2020 for targeted IoF.

FYO05 Activities: This phase will extend the baseline by
addressing four issues critical to fielding a robust wireless
industrial network: Ultra low-power sensors/Power harvesting,
Security, RF transmission in industrial environments, and
Power-Aware routing.

L | NNOVATIONEC ENTER

E-T-N E-T-N
CI NNOVATIONS C ENTE R Electrical

|
[Ij Tech

bp
A Weyerhaeuser {:}

INTERMNATIONAL @ FAPER
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Closing the Loop on Energy Savings

. o Energy
» Consumption
TSN
'y
1
ARV
R
\ \\ \
o \
 Motor efficiency | Voo . - - - - - - Energy usage data to drive energy
improvements 4.5% -.\ - P {:} Model savings via capital improvements
' ')
\ - - -
System efficiency \ .| Diagnostics/Prognostics , Energy and condition sensing data
improvements 9.6% — |3 Model to drive process uptime through

diagnostics & prognostics

- - Local Optimization Model : Energy and condition sensing data

to drive local process efficiency
improvement

Enterprise Optimization
s S Gt Model Energy usage data and spot ener
' ricing to improve enterprise

efficiency / costs.

£ Areas of focus
Eaton’s WSN enables continuous energy savings!
98% of motors < 200 HP, consume 85% of energy!
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Standard WSN Tecnnology Comparisorn

Kb
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ov\:lmmdes ° Py O Multi-hop/Mesh c
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A £
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e 1404 — 200
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o T ° (Bluetooth) 'é 17 802.15.4 802.151  802.15.3 802.11x
\ ‘/‘1 o 100
o @Q,, 0\600 00, 5 ]
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° o g -
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802.11 WLAN T
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/ / S 0l
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1032 pages
500 ¢ o0J
= - Aka 802.15.4 802.15.1 802.15.3 802.11x LR-WPAN | Bluetooth ™ WLAN
e [ Bluetooth yan
400 - 2
% | : Range ~100 m ~100 m ~100 m
(]
= o Data 0.25 Mb/s
£ ol Throughput | 0.04 Mb/s 1 Mb/s ~2-11 Mbls
[}
Q  20- Power
g o Consumption 1 1000 5000
5= 100+
o . Size Smallest Smaller Larger
(]
E :
= 802.15.4 802.15.1 802.15.3 802.11 Cost 1 10 20
(195) (473) (285) (465)

Eaton ($9.8B/yr sales) a leader in development of
standard wireless technologies for the industrial
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=0DliCSRate F.T-N


http://www.eaton.com/

.'| hw l"'-r"ﬂ YT |
L e
w enrd 41 - Symbes piot =TI <

ot 4l =

Extreme Measurement Communications Oﬂ\l
Center (EMC?)

Operational Capability

The DoE EMC? provides modeling, simulation and
characterization support for industrial wireless networks.

This facility is equipped with parallel computing resources as
well as state-of-the-art measurement equipment for high
performance wireless and wired network characterization from
the physical layer to the application layer

Broadband RF record and playback instrument can simulate
and generate characteristic waveforms to help in-lab study of
the wireless device’s behavior in harsh industrial
environments

EMC? Program Benefits:

* EMC? formalizes the testing of industrial wireless networks
to quantify the latency, throughput, security and fault-
tolerance (Interference and Noise)

» Wireless Industrial Networking Alliance (WINA) has
accepted EMC2 as its product testing and characterizing
center to member companies

e Currently supports exhaustive modeling and simulation of
the communication infrastructure for future electric grid

» Help develop or improve existing standards in industrial
wireless networks to include measurement, verification
and reliability of network and device parameters

* The center is being developed both as a user facility
and an on-site testing provider using portable test
equipment

Milestones, Deliverables, & Contact:

Key Milestones: Alliance with WINA and member companies
for technology assessment and characterization; Provides
modeling and simulation support for developing fault-tolerant
electric-grid communication infrastructure

Deliverables: Standards-based report generation for different
wireless devices and network layouts; Software development
for characteristic network testing;

Contact Information:
Wayne Manges
mangesww@ornl.gov, 865-574-8529



Accelerating the adoption of wireless technologies in industry

WINA

WIRELESS INDUSTRIAL NETWORKING ALLIANCE

ISM frequencies

inRaa” 802.11 a/bl/g
T )

spread -.§p_ectrum

14Ef1

¢ 3e Technologies International
+ Eaton Corporation

¢ Ember Corporation

¢ Honeywell International

¢ Invensys

¢ Oak Ridge National Laboratory
¢ Omnex Controls

¢ RAE Systems

+ ZigBee Alliance

www.WINA.ORG



Standards — for
iIndustrial applications

Markets - attractive
Confidence - successes
Tools — easy, handy

Information — broad-
based, clear to users
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