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The Sensor IS the Network

Third Generation - Sensor Agents
» goal focus

» dynamic architecture

* network intelligence

Second Generation - Smart Sensors
« application focus

e hierarchical architecture

* local intelligence

First Generation - Dumb Sensors

 data focus
* flat architecture
* no intelligence
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Microcontroller
Type |
Program memory (KB)

Nonvolatile storage

Connection type
Size (KB)

Default power source
Type

Size

Capacity (mAh)
Communication
Radio

Radio speed (kbps)

. Modulation type
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T A R R TFT=E&

TI ny OS Route map router sensor appln

» Scheduler + Graph of Components u T u T m 1 /
— constrained two-level scheduling
model: threads + events _
. Component Active Messages
— Commands, M M
— Event Handlers
— Frame (Storage) Radio Packet |Serial Packef |v-|-emp photo
— Tasks (concurrency) y T TR
» Constrained Storage Model TR Wl u T
- Eré:\rr?gager component, shared stack, | Radio byte ~ UART ADC
 Very lean multithreading uu TT A A |

« Efficient Layering

REM clocks

A A
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Self-Organizing Distributed Services

I
<

Database
Server

User

Self-Organizing

Sensor Distributed
Application Sensor Query
Systems Signal Processing

Processing

‘Remote . ] . ection
Event nc ons . “Tri nagement
*Service ed adaptation

_ o Distributed Distributed
Configurable Distributed Composition Adaptation
Distributed Lookup Service Service

Services < L erV'Ce
Publish/
Publish/ ibe Subscribe
Subscribe
Dynamic
Sensor -
Network

Event-based Diffusion Networking Model
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Directed Diffusion: data dissemination and coordination paradigm
developed for scalable sensor networks

» Application-specific in-network processing (e.g., aggregation, collaborative
processing) to support long-lived, scalable, sensor networks

« Data-centric communication primitives
— organize system based on named data (not nodes)

« Supported with distributed algorithms using localized interactions
— diffuse requests and responses across network
— adapt to good path with gradient-based feedback

— naturally supports in-network aggregation of redundant/correlated
detections
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Radiolocation via ToA and RSSI

Measuremen t of distances d1 & d2 to the
transmitter from two receivers allows us to

place the transmitter on a circular locus of
points (yellow) where the red and blue
spheres intersect.
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Reference Broadcast Sync

Sync 2 receivers with each other, NOT sender with receiver

Receiver | | Recelver
ol ST o
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| saw It
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Propagation Time

Physical Media
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Qver 200 companies in the

S OaK RIDGE NATIONAL LABORATORY

Community of interest
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9

Wireless Industrial Networking Alliance
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« Advanced Wireless Sensors for the Industries of the Future (Steel,

Aluminum, Mining, Glass, Chemicals, Forest Products, Metal
Casting, Petroleum Refining); Prime: ORNL

« Eaton Wireless Sensor Network for Advanced Energy Management
Solutions (Steel, Aluminum, Mining, Glass, Chemicals, Forest
Products, Metal Casting, Petroleum Refining); Prime: Eaton

« Distributed Wireless Multisensor Technologies -A Novel Approach
to Reducing Motor Energy Usage (Steel, Aluminum, Mining, Glass,
Chemicals, Forest Products, Metal Casting, Petroleum Refining);
Prime: General Electric Global Research

« Wireless and Sensing Solutions Advancing Industrial Efficiency
(Steel, Aluminum, Chemicals, Petroleum Refining); Prime:
Honeywell International
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characteristic 802'.1 1 Bluetooth Zigbee InFIustrlaI
Family Wireless
>50,000,00 | 720,000 100,000

Data Speed 0 bps bps bps 3000 bps
Battery Life 2 hours 3 days 6 months S years
D Y

etermln!stlc NG NG NG Ves
Data Timing

NEMA 4X No No No Yes
Sensor and

Network No No No Yes
Diagnostic
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Baseband RX received:
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BANDSPEED INC XTI

Microwave ON

§ Ch2 Pk—Pk

Baseband TX sent: (I

Ch1 Pk—Pk
830mV

Ch2 Freq
20.00kHz

Baseband RX received:
Ch1 Freq

Channel: 2.45GHz . . 20.03kHz
Modulation: FSK e

Chi 500mv O T00mA<z |M 20.01s] A Chi  850mv
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2 |IEEE 1451.5
o HEAEFRHUE

— SZER IEEE 802.11, Bluetooth, ZigBee[a] {1t H #5:4F .
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2 Wireless HART

« 200744 A & A T AER & AR

Wireless Access to
Additional Process
Measurements

Wireless Gateway
Connection to Plant Systems

Minimal Installation
Cost - No Wires
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The Orange County
Water Reclamation, FL.

40-acre facility.
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