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From Critical & Pervasive Trusted Information Systems
Toward Integrated Reality
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A World of Distributed Sensors Starts

with Integrated Nanosensors

Developing Multiple Nanosensors
on a Single Chip,
with Local Processing "= -%_ .
and Wireless Communicatiorig =*"""
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I. K. Schuller holding the first prototype

UClIrvine I. K. Schuller, A. Kummel, M. Sailor, W. Trogler, Y-H Lo
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What is Needed Beyond the Integrated Sensor

to Create a Ubiquitous Distributed SensorNet?

 Sensors

— Physical, Chemical, Biological, Imaging,...
* Sensor Platform

— Computing, Power, Storage, Radios, ...

* Sensor Arrays
— Homogeneous, Inhomogeneous, Ad Hoc, ...

« Telecommunications Infrastructure
— Wired, Wireless, Internet, ...

 Layered Software
 Backend Data Systems
 Advanced Visualization and Analysis Facilities

Calit2 Has Spent Five Years

Pulling Together &t

UClIrvine Leaders in All These Areas




Calit2 -- Research and Living Laboratories

on the Future of the Internet

UC San Diego & UC Irvine Faculty
Working in Multidisciplinary Teams
With Students, Industry, and the Community
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Two New Calit2 Buildings Will Provide

a Persistent Collaboration “Living Laboratory”

« Over 1000 Researchers in Two Buildings
UC Irvine — Linked via Dedicated Optical Networks
A\ '/ — International Conferences and Testbeds
L\  New Laboratory Facilities
IR, — Virtual Reality, Digital Cinema, HDTV, Synthesis

W &/ — Nanotech, BioMEMS, Chips, Radio, Photonics,
i \ Grid, Data, Applications

and Tour

" (g

UCSD California Provided $100M for Bwldlngs
UClIrvine Industry Partners $85M, Federal Grants $250M




Distributed Sensors Can Read Out

the Mi cro-States of the Macro Environment
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http://robotics.eecs.berkeley.edu/~ronf/MFI/FIGURES/flyv4.jpg
http://www.nysaes.cornell.edu/hort/faculty/lakso/RootImage/RootImagesLarge/MiniRhizoTubeLarge.jpg

Wireless Sensors Will Allow Instrumentation
of Critical Civil Infrastructure

Calit2 Will
Develop and Install
Wireless Sensor Arrays
Linked to
Crisis Management
Control Rooms

UClIrvine Source: UCSD Structural Engineering Dept.



Major Progress on Wireless Internet Information System

for Medical Response in Disasters

Working Closely with the First Responder Community

First Tier
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New NSF Infrastructure Grant Establishes Calit2

Project Rescue Testbeds in Irvine and in San Diego

Localized Site-Specific Disasters 4
Via Crisis Response Drills : @

 Large Scale Regional Disasters R
Via Simulations

 Transportation (Simulation) — ImageCat

— Test & Validate IT and Social Science
Research Within the Context of Regional
Crisis Response

« CAMAS (Crisis Assessment, Mitigation,
And Analysis) — UCI Campus
— Field-Test and Refine Researchon  f@€SCUE
Information Collection, Analysis, Sharing, -
and Dissemination in Controlled yet
Realistic Settings
 GLQ (Gaslamp Quarter, San Diego/UCSD) “ﬁ.““g\li—
— Ubiquitous Wireless Coverage in o @ RO, 4
Downtown San Diego :?S -

— Test Network Architecture Enhancement
and New Applications

.........

ALDRICH
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bren:schaol S
LCSD Pl: Magda El Zarki, ICS, UCI

UClIrvine www.responsphere.org


http://www.epa.gov/boston/images2/photos/command4.jp

Over the Next Decade
Vast SensorNets Will Feed Optical Core

e The Small

— Pervasive Self-Powered Micro- and Nano-Sensors
The Cheap

— One-Cent Radios

The Smart

— System-on-Chip Integration of Computers with Sensors

The Big

— Terabit Optical Internet Core
— Gigabit Wireless Streams

“The all optical fibersphere in the center finds its complement in
the wireless ethersphere on the edge of the network.”
— George Gilder

UCSD Source: Rajesh Gupta, UCI Center for W
C (04

UCIrvine Embedded Computer Systems




Semi Content in Electronic Systems ($)

20%

—
3z
=S

10%

2
B

Network Endpoints Are Becoming

Complex Systems-on-Chip

Source: Rajesh Gupta, UCSD
Director, Center for Microsystems Engineering

Two Trends:
* More Use of Chips with “Embedded Intelllgenf?
* Networking of These Chips %
@é”@zzoéc'?zi‘;
25
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Adding Brilliance to Wireless Sensors

With Systems-on-Chip

W(Applications

L Reconf. PBrotocol
nso .
- Logic Processors
processors // emory ' Dsp

UClIrvine Source: Sujit Dey, UCSD ECE




The UCSD Program in

Embedded Systems & Software

e Confluence of:

— Architecture, Compilers
— VLSI, CAD, Test

Department Contact
Administration CSE

Education

— Embedded Software [ /|t f o
 Cross-Cutting Research Thrusts: . = ko L

— Low Power, Reliability, Security o o s

— Sensor Networks Lo~ fi—,x- .
- Affiliated Laboratories: g —— 1

— High Performance Processor | g r’ ;

Architecture and Compiler 4 - b b
— Microelectronic Systems Lab —Ereqisrn sz il R

VLSI/CAD Lab Embedded Systems and Software
— Reliable System Synthesis Lab

http://mesl.ucsd.edu/gupta/ess/

VUCSD Calit2 MicroSystems Engineering Initiative
UClIrvine Rajesh Gupta, CSE, UCSD




CalRadio 1.0 — A Calit2 Academic-Industrial Platform

Launches Open Source Software Defined Radio

Developed with Industrial Partners
— Symbol Technologies—RF Module
— Texas Instruments—Development System | ) =

 Being Used in Calit2 Projects
— ResponseSphere, RESCUE, WIISARD

CItEp ||::m nt engineer Doug

EEEEE

cipal d

and New Techniques for Wireless Communications

 Teaching Tool for Graduate and Undergraduate
Researchers

 Won Best Demo Award at Information Processing in
Sensor Networks (IPSN’05)

&

UClIrvine Souce: Doug Palmer, Calit2



Sensors + Platforms Plug

Into Sensor Webs

F

sensorwebs
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UCSD Source: NASA/JPL Sensor Webs Project
UClIrvine http://sensorwebs.jpl.nasa.gov/




An Explosion in Wireless Internet Connectivity

is Occuring

Broadband Cellular Internet Plus...

C Fiber — Multi-billion $
10 Gbps C \
<§ E-Band Market
1 Gbps % Opportunity
: $1B+
§ Point to Point Microwave
100 Mbps| 2 $2B-$3B/Year N
mx’

$2-$'4B in 5 years
802.11 a/b/g
10 Mbp

Short <1km Short/Medium  Medium 2-5 km Medium/Long >5 km Long >10 km

CBD/Dense 1-2km Industrial Residential Rural
Urban Urban Suburban Suburban

Distance/Topoloav/Seaments

Band

LI"-l'HIL"ﬁIR".III'.I"'-‘:-
CORBEPORATION



The CWC Provides Calit2 With Deep Research

in Many Component Areas

RF
Mixed A/D
ASIC
Materials

Center for

Wireless Communications

Smart Antennas
Adaptive Arrays

Modulation
Channel Coding
Multiple Access

Compression

Architecture

Media Access
Scheduling
End-to-End QoS
Hand-Off

Two Dozen ECE and CSE Faculty

Changing
Environment
Protocols
Multi-Resolution

UClIrvine

we: UCSDM ‘il})



Seattle

Portland

Boise

San Francisco

\

Los Angeles L= 2

San Diego

Links Two

Dozen State and
Regional Optical

Networks

ucCcsD
UClIrvine

hoenix

NLR 4 x 10Gb Lambdas Initially

Capable of 40 x 10Gb wavelengths at Buildout
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The OptlPuter: From the Grid to the LambdaGrid

A New Optical Architecture for Analyzing Sensor Data Products

 NSF Large Information Technology Research Proposal
— Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr PI

— Partnering Campuses:
— USC, SDSU, NW, TA&M, UvA, SARA, NASA,KISTI, AIST

* [Industrial Partners
— IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent

$13.5 Million Over Five Years
Connecting Researcher’s Linux Clusters to Remote Data

NIH Biomedical Informatics NSF EarthScope

and ORION

Kilauea
Kaolkl  , Summit

—
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High Resolution Portals to Global Science Data --
200 Million Pixels of Viewing Real Estate!

Calit2@UCI Apple Tiled Display Wall
Driven by 25 Dual-Processor G5s

U A ,'““"“ o IB

A

a—One Foot Resolution
USGS Images of La Jolla, CA

’ "ff‘?GRA VITY
»

PR

Canter of Graphics, Visualization and Imaging Technology

—_ Source: Falko Kuester, Calit2@UCI ‘i
UClIrvine NSF Infrastructure Grant



The Upcoming World Jamboree

of LambdaGrids

Maxine Brown, Tom DeFanti, Co-Organizers

1Grid 2005, ;

THE GLOBAL LAMBDA INTEGRATED FACILITY | Yor :

www.startap.net/igrid2005/ \ -' .

September 26 30 2005
Calit2 @ University of California, San Diego

California Institute for Telecommunications and Information Technology

D

21 Countries Driving 100 Gbps
to Calit2@UCSD Building Sept 2005--
A Number of Projects are SensorNets

http://sc05.supercomp.org ‘il} )

UClIrvine




Adding Web and Grid Services to Lambdas

to Provide Real Time Control of Ocean Observatories

'l'r- .-r'""r'-

s

"‘jw-'.nept-umiwa_spmgtg_g_.,ed J LOOKING:

B R (Laboratory for the Ocean Observatory
(o \ R O Knowledge Integration Grid)

| Plate
L ( Seattle

North ' Goal:

" American

. Plate _ — Prototype Cyberinfrastructure for NSF’s
P I R\ Ocean Research Interactive Observatory
- j Fics Plite \ & 7 +Nedonna Networks (ORION) Building on
. gt — ' e OptlPuter

LOOKING NSF ITR with Pls:
— John Orcutt & Larry Smarr - UCSD
— John Delaney & Ed Lazowska —-UW
— Mark Abbott - OSU

Collaborators at:

— MBARI, WHOI, NCSA, UIC, CalPoly,
¢ Node Locations } UVic, CANARIE, Microsoft, NEPTUNE-
= Fiber-Optic Cable \ Canarie

¢+ Exclusive Economic | »
» Zone Boundaries

http://lookingtosea.ucsd.edu/

" (g

UClIrvine



LOOKING will Build on the NSF ROADNet Project:
Observing Data Streams in Real-Time
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ROADNet Architecture:

SensorNets, Storage Research Broker, Web Services, Work Flow

Antelope SRB Web Services Kepler

V

ensors and Cuncentﬁatnrs Wirgless/Internet
'Dhject Ring Buffers & Datascope DB
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Virtual Object Ring Buffers

UCSD
UClIrvine Frank Vernon, SIO; Tony Fountain, llkay Altintas, SDSC



Goal — From Expedition to Cable Observatories

with Streaming Stereo HDTV Robotic Cameras
http:lIdisney.go.comldiﬁeypictureslaliensofthedeeplalienseduguide.pdf

Vent crabs scavenge
around tubeworms.

‘
-
.
)
Scenes from % L N
The Aliens of the N Rt i
Deep, Directed by n oy -
James Cameron & [EEEER .

Steven Quale

LT(:I['\T] ne Rover {right) and Mir (left} submersibles explore hydrothermal vents.



Proposed UW/Calit2 Experiment for iGrid 2005 —
Remote Interactive HD Imaging of Deep Sea Vent
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NEPTUNE
UCIrvine ¥ Source John Delaney & Deborah Kelley, UWash




MARS Cable Observatory Testbed —
LOOKING Living Laboratory

/ L

MARS Installation
Oct 2005 -Jan 2006 ? =
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