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Fifty Years Ago, Asimov Described

a World of Telepresence

ASIMOV

“THE NAKED SUN

A policeman from herethe populatlon all lives underground in
close quarters, is called in to investigate a murder on a distant world.
This world is populated by very few humans, rarely if ever, coming

into physical proximity of each other. Instead the people "View" each

7 other with trimensional “holographic” images.
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The Beginnings of Commercialization:
PicturePhone Introduced 40 Years Ago

INEW LOOK ... .- .

The Picturephone has Touch-Tone controls to make calls
| and control the television screen so you can see the person
| you're talking to, be seen yourself. or have a darkened

— screen. Attended service between New York, Washington

and Chicago began in 1964,
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TV and Movies of 40 Years Ago
Envisioned Telepresence Displays
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The Bellcore VideoWindow --

“Imagine sitting in your work place lounge having coffee with some colleagues.
Now imagine that you and your colleagues are still in the same room, but are
separated by a large sheet of glass that does not interfere with your ability to
carry on a clear, two-way conversation. Finally, imagine that you have split the
room into two parts and moved one part 50 miles down the road, without
impairing the quality of your interaction with your friends.”

—
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A Simulation of Telepresence

Using Analog Communications to Prototype the Digital Future

“What we really have to do is eliminate distance * Televisualization:
between individuals who want to interact with other — Telepresence
people and with other computers.”
— Larry Smarr, Director, NCSA

— Remote Interactive
Visual
Supercomputing
— Multi-disciplinary
Scientific Visualization

i “We’re using satellite technology...to demo
what It might be like to have high-speed

fiber-optic links between advanced
computers in two different geographic locations.” ATT &

— Al Gore, Senator
Chair, US Senate Subcommittee on Science, Technology and Space Su n
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Optical Networks

Are the Neglected 21st Century Driver

Optical Fiber
(bits per second)
(Doubling time 9 Months)

Data Storage
(bits per square inch)
(Doubling time 12 Months)

Silicon Computer Chips
(Number of Transistors)
(Doubling time 18 Months

Performance per Dollar Spent
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Dedicated Optical Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

® EXPLOITS
— EMORMOQUS BANDWIDTH OF SILICA FIBER
— HIGH-GAIN WIDEBAND OPTICAL AMPLIFIERS

Source: Steve Wallach, Chiaro Networks
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OptiPuter Parallel Lambdas are Driving Optical Networking
A~ The Way Parallel Processors Drove 1990s Computing
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From “Supercomputer—Centric”

to “Supernetwork-Centric” Cyberinfrastructure
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Two New Calit2 Buildings Provide
New Laboratories for “Living in the Future”

e 0 ATy - Over 1000 Researchers in Two Buildings
— Linked via Dedicated Optical Networks
— International Conferences and Testbeds
New Laboratories
— Nanotechnology
— Virtual Reality, Digital Cinema

‘ UC Irvine

www.calit2.net

—
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Preparing for a World in Which
Distance is Eliminated...



The Calit2@UCSD Building is Designed for Prototyping

_ OptiPuter Photo: Tim Beach,
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Extremely High Bandwidth Applications

1 8 M|II|on Feet of Catb6 Ethernet Cablln

UCSD is Only

UC Campus with ¥,
10G Over 10,000
CENIC Individual
Connection fg 1 Gbps
: = 8 5 Drops in the
o g e Building
O ‘g__._g ~10G per Person

& 150 F|ber Strands to Building;
Experimental Roof Radio Antenna Farm
Calit2 UbiqUitous WiFi

24 Fiber
Pairs
to Each
Lab
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The Input Rate to the Human Eye-Brain System

is Roughly a GigaByte/sec

8 Megapixel/Frame x 3 Bytes/Pixel x 40 Frames/Sec

~ 1 GigaByte/Sec

We are Exponentially Crossing this Threshold Today!

—
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Multiple Gigabit HD Streams Over Lambdas
Will Radically Transform Global Collaboration

Telepresence Using Uncompressed 1.5 i
Gbps HDTV Streaming Over IP on Fiber
Optics--
75x Home Cable “HDTV” Bandwidth!

Osaka, Japan
Jan 2005

:_ i
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“l can very hair on r head!”—Prof. Aoyama 11
8 can see every hair on you y "l‘

&— Source: U Washington Research Channel



Borderless Collaboration
Between Global University Research Centers at 10Gbps

Maxine Brown, Tom DeFanti, Co-Chairs

1Grid 2005

[HE GLOBAL LAMBDA INTEGRATED FACILITY
www.igrid2005.org

September 26-30, 2005
ThE ”I: Calit?2 @ University of California, San Diego
I]|5E|]UE“|’ G[ﬂm California Institute for Telecomr.unications and Information Technology

aaaaaa

100Gb of Bandwidth into the Calit2@UCSD Building® =~
More than’150Gb GLIF Transoceanic Bandwidth! X
450 Attendees, 130 Participating Organizations
4/ 20 Countries Driving 49 Demonstrations s
1- or 10- Gbps Per Eemo



High Definition Video - 2.5 km Below the Ocean Surface

Sea-floor Operations
-

Medea

jason || ROV
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Watching the image gave the impression of floating right outside of the vent
--PC Maa Mav 19. 2006



First Trans-Pacific Super High Definition Telepresence
Meeting in New Calit2 Digital Cinema Auditorium

By JOHN AARKOFF

3t Puklished: Sspt

Lays
Technical
| Basis for
3 Global
-**"kg o University [M[s]ie1
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Sony

Chancellor Fox SGI
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3D Videophones Are Here!
The Personal Varrier Autostereo Display

Varrier is a Head-Tracked Autostereo Virtual Reality Display
— 30” LCD Widescreen Display with 2560x1600 Native Resolution
— A Photographic Film Barrier Screen Affixed to a Glass Panel

Cameras Track Face with Neural Net to Locate Eyes
The Display Eliminates the Need to Wear Special Glasses

— g
Source: Daniel Sandin, Thomas DeFanti, Jinghua Ge, Javier "l}
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Prototyping the PC of 2015
One Hundred Million Pixels Connected at 10Gbps

Calit2 Working with NASA, USGS, NOAA, NIEHS, EPA, SDSU, SDSC, Duke, ...
100M Pixel Tiled Wall in Calit2@UCSD Building
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Combining Ultra Resolution with Interactive 3D

EVL Varrier Autostereo 3D Exploration of Mars Stereo Imagery

elec II"|I;_: T, 1
ayl .
_. laboratory 5 . '-_'ﬁ;_

o "7." - -l.J.— '._.;.-;ljn'- .-i? r'.*- ""-.:'-:'\'-_.;;:l:" i

g - i
¥ o — 1}:-:_.-_:
Er gl s B

W

'

—

. OptiPuter
&— Source: Dan Sandin, EVL, UIC



Integration of High Definition Video Streams
with Large Scale Image Display Walls

Collaborative
Analysis of
Large Scale

Images of

Cancer Cells

nic ] . NCIUIIR
Opthuter e\/| |1|t1” I Sou_rce. David Lee, MICROSC 'I cr "t

Mark Ellisman NCMIR, UCSD |Spaeys




Seattle

Portland

Boise

e

Los Angeles € *

San Diego

Links Two

Dozen State and
Regional Optical

Networks
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NLR 4 x 10Gb Lambdas Initially

Capable of 40 x 10Gb wavelengths at Buildout
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Calit2 and Goddard Spaceflight Center Are Combining

Telepresence with Remote Interactive Analysis

Live Demonstration

of 21st Century
National-Scale
Team Science E
August 2005 ., ~ | \
| |
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High Resolution Aerial Photography Generates Images
With 10,000 Times More Data than Landsat7

Shane DeGross, Telesis

New USGS Aerial Imagery
At 1-Foot Resolution

~10x10 square miles of 350 US Cities
2.5 Billion Pixel Images Per City!

OptiPuter
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Large Image with Enormous Detail
Require Interactive LambdaVision Systems

http://gigapxl.org “@,ﬂ % \E - y _}ffF \
' "3 B | ';/-fa- _ The OptlIPuter
& Project is
Pursuing
Obtaining some
of these Images
for
e e o LambdaVision
O 100M Pixel

Walls

= ¢ _. = One Square Inch
| e : S Shot From 100




Where Are We Today?

What About in Ten Years?

—
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The HP HALO Collaboration Studio

is the Leading Edge Commercially Today

- $500,000 per room

45 mbps

 Uses TCPI/IP protocols

 Developed with Dreamworks

« Announced by HP Dec 2005

« HP Plans 40 Internally by End of 2006
 Dreamworks, AMD, PepsiCo are Customers

The Halo studios are designed to exact specifications,
so that participants on the other side
of the video conference
appear to be in the same room

—

OptiPuter
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Users
10M

1M

100K

10K *= i
optruter 2001 2002 2003 2004 2005

&

Broadband Service Users in Japan:

Moving Quickly to Fiber to the Home

CATV

)012.55M
gAug,2004

2.77M
: 1.60M = | 4.6M Dec 2005

Source: Kazuo Hagimoto,
NTT Network Innovation Labs
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OFC

Verizon Fiber to the Premise:

Bringing Gigabit/s to the Home

video | /EDFA", More Bandwidth Needed
éﬁrbium Doped\ * > 1 Gbps per Home
,Fiber Amplifier) ‘ * Greater Symmetry
I
I \
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— Source: Stuart Elby
VP — Network Architecture, Verizon Technology Org
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The Relentless Exponential of Bandwidth

Terabit/s
Data Rate (bits/sec) Realm
1,000,000,000,000
100.000.000.000 - ity
10,000,000,000 - Doubles
1,000,000,000 - Fiber 6
100,000,000 - Conxial circut every
10,000,000 | Oaxial CIrcuits months
1?88,888 : Transcontinental cable
1?888 | Telephone Doubles every 4.7
_ ears
1(1)8 | Telegraph Y
1 | | | |
1800 1850 1900 1950 2000 2050
Year
Wil this continue? How?
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Inventing the Optics World of 2015

From Gigabits/s to Terabits/s

ECE Testbed Faculty

Stojan Radic

Optical communication networks; all-optical processing;
parametric processes in high-confinement fiber and
semiconductor devices.

George Papen

Advanced photonic systems including optical communication
systems, optical networking, and environmental and

UCSD Photoni - =g atmospheric remote sensing.

cs

Joseph Ford

Optoelectronic subsystems integration (MEMS, diffractive
optics, VLSI); Fiber optic and free-space communications.

Shaya Fainman
Nanoscale science and technology; ultrafast photonics
and signal processing

Shayan Mookherjea
Optical devices and optical communication networks, including
photonics, lightwave systems and nano-scale optics.

Photonics Testbed Opening April 2006
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http://www.jacobsschool.ucsd.edu/FacBios/findprofile.pl?fmp_recid=209
http://www.jacobsschool.ucsd.edu/FacBios/findprofile.pl?fmp_recid=213

A Vision for the Future:
Towards Gigapixel Displays

SuperHD —— _
Stre*ﬂnngdeo . Gigapixeb>—
R ﬂ{’ Wall Paper
: .,-..- — ~;Ii o E
— Augmented

=%

*" Rea Iity____

1 GigaPixel x 3 Bytes/pixel x 8 bits/byte x 30 frames/sec ~ 1 Terabit/sec!

-, _

&OptPuter Source: Jason Leigh, EVL, UIC
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Ten Years Old Technologies--the Shared Internet

& the Web--Have Made the World “Flat”

 But Today’s Innovations
— Dedicated Fiber Paths
— Streaming HD TV
— Large Display Systems
— Massive Computing and Storage
* Are Reducing the World to a “Single Point”
— How Will Our Society Reorganize Itself?

The World Is Flat

A BRIEF HISTORY QF

THE TWENTY-FIRET CERNTURY

. Thomas L. Friedman

. OptiPuter
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http://www.thomaslfriedman.com/worldisflat.htm
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