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Ubiquitous Computing
- .

« Pandora -

— Andy Hopper

« Active Badge

— Mark Weiser (until, sadly,April 1999)
Seminal paper “The computer for the 215t Century” Sept 1991

« Parctab project 1991-95

« Tacit 1995-96

 Bridging the Physical and the Virtual World 1997-1998
 Hikari Project 1999-2000

— David Tennenhouse

» Personal Server Project
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Some Early History
® - ¥

— Smart telephone networks

— Interested in the problem of automatically routing
telephone calls to the correct place in a building

— Gave rise to the creation of the Active Badge
project

— Project turned out to be not just a peripheral for
Pandora but opened up a whole new area of
research for me and helped me realize the new
opportunity for context based computing.

intgl.
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In-Building Location Systems
g e y.

Active Badge

Olivetti Research Hardware

Xerox PARC/EuroPARC *AIR project *Ubicomp II"Ite| .



m People really care'a out pers nﬁ and s
ubiquitous technologies, so be Pfepared
to have many long debates about how
these technologies are used

— Long discussions with colleagues

— Many very emotional arguments about
* Privacy
« Security
» Access control of the data

« System architecture
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Lesson 2

— Lots of interviews requested

— Adding the human factor to computing makes it
compelling material for journalists to write about

— Began to be very time consuming

9/27/2001
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IN THE MIDDLE OF A FRAN
tie workday, you break to
schmooze with a friend wha works

down the hall. While you're chatting, her
phone rings: it's your boss asking why
you're not ar your desk. 1t's not that your
boss is omniscient, it's just that your compa
ny now requires all employees 1o wear
high-tech pag;

A small clip-on gizmo, the pager trans.
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Roy Want, inventor ¢
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from their desks, his gadget is an effi
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critical difference
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Once the budge becomes s
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workers. " In other words, the badge cnables
your boss 1o chart your wheresbouts around
the office and, possibly, use what she finds
against you
Employees, take heart. The
> dsn't foolproof

Active
Placed in a dark
facedown on your desk, it tem

porarily shuts off Susan Vinella

Glamour Mag 93

PC World 90
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Orwellian Dream Come True:
A Badge That Pinpoints You

By LEONARD SLOANE
« Big Hrother your boss?

Annm- M that lets “them
eheck up on “'us" — where we are and
with wham we are — is on the way, 1t
is the ariive badge, o small clig-on
microcomputer, about the size of an
employes LD, card, thal transmits
signals (o & central system. As long
a8 you wear the badge, the sysiem
can track your movements around an
oifice tuilding or even a larger area

When different people need (o be
found, | can ring direclly o where
nid Roy Want, wh invent

4 the active badge while at the Olf-
veili Research Laboratory in Cam-
bridge, England, and who is now &
member of esear afl a1 the

arch Center in Palo Alto,
“It's in
fessional 1o
colleagues.”

Andy Harter, a research engineer
t the Olivetr) lab, soded: “1 ge1 my
communications o much  faeter
when | carry the badge. And it's all

For many people, however, privacy
Issues overwhelm any technological
virtues of active badges. They see the
badges a5 an inlAESIoN INt0 the lives

vacy. And they compare the badges
with the already widely used elec
fronkc monitoring devices that can
quantify the na of keystrokes on
aterminal, peek 51 Voice and Comput-
er mail messages or listen 1o employ

ees (ransact business on the phone
Jeorge Orwell would have been
pleased,” said Donald A. Norman,
chairman of the cognitive science de-
partment ai the University of ¢ .illinr
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ontrol of the person using it, not
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el o Is say active badges
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years ago as o means of making
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found that with a badge em
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Badges monitor staff

| wWeo 0F THE STAFLE AT TWE ,44&
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s are no secrets at Olivetti's
research labs in Cambridge. Staff
there are now wearing infra-red
“active ha which monitor
their every n

But Liberty, previously
known as the Natonal Council for
Civil Liberties (NCCL), has
warned that such a system is open
10 abuse

The t 5, which measure
about Sem by Sem by 0.5em, clip
on to the clothes, and
cquipped with transceivers that

1 an infrired signal to sensors
positioned around the butlding,

T'he
Terred o P(

a Lan, and stall can therefore be
wed ar any time while in the

A research engineer atl the
b, Mark Chopping, said the sy
tem has no Orwellian implications

because the wearing of badges is
optional, *And everyone trusts
everyone else,” he added

Orwellian implications? — “Everyone trusts everyone else”

But a number of unnamed
companies are looking at the tech
nology, which was developed in
house by Oliverti, and Chopping
wdmits it could be abused if used
as a clocking-in device in offices
and factaries. "1 can see there
could be problems. To some
extent it depends on the attitude

he saidl
A spokeswoman for Liberty

ol the management,”
said: “This system is wide open o
ibuse, We are very concerned that
new technology suc
introduced with no safeguards to
control its use

This could potentially fivade
people's privacy.”
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m Beware of the'Press.

-

— Initially benign

— But you might be surprised how two-faced
journalists can be ....

® Imagine you are sitting down to
breakfast on a Sunday morning and
have just opened your Sunday
newspaper.......

intal.
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Nokes Frar

1 the Marijsans [r— Underground
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WE
DON’T
HAVE
TO

= !-;il 4 e

SHOW

YOU

NO

STINKIN’L-
BADGES
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Lesson 4

L » S

— Badges had a one button interface for testing the system
— Button became a command interface

* One command

« One command for every location

« One command for every location with a difference combination
of people at that location

— One qualified bit, turned out to have N-way depth

— Qur first context-aware applications were built using this button

intgl.

Page 11 9/27/2001



Lesson 5

— Badges were adopted at Olivetti Research because there
was a display for the receptionist to route telephone calls to
the correct room — this was valuable

— Badges were adopted at Europarc initially just because they
were cool to have and everybody wanted to be part of the
club.

 Later the trend reversed and equally quickly people did
not want to wear badges anymore

intgl.



!Hqui% Computing
m Ubiguitewsi€Compuiing Phéw&m%

— Parctab (inch) , ParcPad _(foot),'Liyeboard (yar
e

=3

- | 1771 730 30 T

Wearable

Carryable
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PARCTaI&“ppIications
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Palm Internet terminal
Best PDA in the world

Communication
— Email

— Video window
Collaboration

— Group pointing
— Group voting
Remote Control

— Reactive Environment Project (temp, lights etc)

Local operation
— Data cache

— Applications (note taking editor with automatic upload)
9/27/2001




Parctab Project

- ¥

r Parctabs  Transceiver  Infrared Gateway  Ethernet Partab Agent

| - ‘ |TAB AGENT |
o it

Conference Rm

[TAB AGENT |
4

Roy's Office

Diffuse-IR Wireless micro-cellulas P
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Lesson 6

— Parctabs could be used to give great visitor demonstrations
— They were initially very popular for reading email with

— Everywhere a Parctab Infrared micro-cell
existed there was also a powerful workstation.

« The workstation was a much better platform for reading
email

— The exceptions were conference rooms, but then 20 people
would try to use Tabs simultaneously and the utilization of
the network would approach 1 making it very slow to use.
intgl.
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BY
ROBERT
LANGRETH

Aerox's prototype mink
computer/memery nid is worn
by Rodin’s “Thisker,”

wha seems to noed it,

Popular Science, 1995

9/27/2001

g if you had a
tiny computer on your belt that re-
forgot? Not
a glorified appointment book like to-
day’s PDAs (personal digital as
tanta), but something that tracked
your past and the itated it
whenever you forgot

them. In the
future, computers
may remember

everything you

do—and where

you did ir—

avitomatically.

POPULAR SCIENCE FEBRUART |%9% = 47
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Lesson 7

_ A S

We always tried to make our prototype hardware have the physical
appearance of a commercial product

« This really helped in deploying our technology to an existing
user community

However, we initially tried to enforce the look and feel of our
devices e.g. labels, the iconic look of applications etc

* This cause more problems than it was worth

User customization was key to integrating with an existing
community.

Invisible computing was much more appealing for the Press to
understand.

in
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SECTION Y &, 101 sk

JLIENCETECHNOLOGY &=
Invisible
computing is
received very
well

San Jose Mercury News, 1998

- I
-
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" Invisible Computers -

.
Program yourself for a technological revo-

3 -, lution’ thit promises remarkable global ' g !
behefits while raising serious guestions

[~

s

i about "h.“ future of personal privacy.
arvin Theimer beckons me into his office and a
e g glimpse of the near future. We are deep inside Xgmx's.
: ¥ Palo Alto Research Center, a mncrele-.and-g!ass cre-
ation topped by hanging vines and p“trli;ﬂ]}' IMried in
a hillside overlooking Silicon Vgllé}c Across the water, the Gold-
* en Gate Bridge lies within an afternoon haze. Along the road
leading up to the center, horses, reminders of a time before mod-

ern technology, graze on rolling hills. .
Since PARC, as i‘is called, opened in 1970, the researchers
theré have measured up to a challenging credo: “The easiest
- : ' way to predict the future is to invent it.” The idea for the per-
sonal computer sprang from this buildipg’s visionaries two

. .

Iy Jimm Morrison
- ;

&
‘; photograph by
-

Michaenl Simpsaoan

-

Southwest Airlines
Mag. Spirit, 1996
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Lesson 8

— Deployment of the PARC Ubiquitous computing
infrastructure had the early prototype problem

— Both Parctabs and Mpads had failure modes that were only
discovered after deployment

— Corrections were successfully made!
— But some users were already tainted by their first experience
— It is hard to change a belief

intgl.
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Lesson 9
* -

-

— We are going to wire the building!
— We are going to give everybody in the lab a true palm computer!
— We are going to create a new suite of context-aware applications

These systems represented a major deployment effort. Being an
advocate means signing up yourself

— This taught me something about the type of systems | thought
would be practical (perhaps products) in the future
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E-tag project
o -
Label the world with passive electronic
tags for identification and localization

User a mobile device as a reader but
connect it to a wireless LAN

Use the wireless LAN to provide a data
channel back to the mobile

9/27/2001
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Key components

Wireless PC-Cards

Electronic Tags

Portable low-power computers

-



Augmentihg the World
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Other Examples of Scaleable
Ubiquitous Compuiting PFojects®

Key-chain Computing

Manipulative User Interface project

intgl.
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e
Keychain Computing
Uses existing IrDA port infras.

re — theright generalapproach
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Augmenting the Computer

A5% \ Ak — e
L - A— el
= A § - ) e —
[ %% 3 =
- TR A
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/ B

Pilot with 1D tilt interface

Xerox PARC/FX Hikari PDA
with 2D tilt (accelerometer) interface



Lesson 10
» - F

— The problem is to figure out what they really want
— Very hard to ask people what they want before they have used it
— Quality really matters to users

« Example Xerox Liveboard Project

— Pen resolution was not good enough to
provide an improved user experience over a
whiteboard

« Example Parctab

- slow handset interactions are compared to a
stand alone PDA with fast response
intel.
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10.

Page 30

The press ‘love’ stories about ublqmtous,qulputmg
Beware of the Press!! “!

Only building something actually allows you to explore its full design
potential

Successful technology adoption is very dependent on the culture of the
target users

Its really hard to get people to adopt a new way of doing something unless it
brings a new level of utility

Build applications so that they are high quality , customizable and have
appeal

You only really get one chance to impress a user with a technology. A
second chance is rare.

It’s a lot of work to deploy a Ubiquitous Infrastructure and its even more
work to maintain it.

Listen to user experiences, but carefully filter their desires -
@@
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'[P-*-fi ferences to the projects

described, pleasgivisit lmlebb e
hitp://WWW2BIsICemp: Com/want e

Roy Want -
intal.
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