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Location of what!?

® Objects
e Static, Moveable, or Mobile

of movement. dooe, desk, laptop
e Dumb or Networked

o Peoplf g

e Waldo asks “Where am i?”
o Sgstem asks “where’s Waldo?”

® Services n
* app ications, resources, sensors, actuator:

o where is a device, web site, app B
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_ Tracking technology

¢ Some examples:
e 802.11; Bluetooth (Intel, HP, ..), RFID
* ParcTab (Xerox)
* Active Badge (Cambridge ATT)

e BATs (Cambridge ATT) EQ
e Crickets (MIT) @
e Cameras

L el
CSAIL

Tangential Note:
Larry’s conjecture

* Any sensing service in pervasive computing only needs:

® some cameras

* lots of computing power
* some clever algorithms s I
* Any sensing service in pervasive computing 9%}?

* can be done cheaper with application-specific
hardware!

* E.g: Location tracking & recognition
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Figure 1. TRIPcode representing number 1,160,407
TRIP constitutes a very cheap and versatile sensor technology. Its 2-D
ringcodes are printable, and can therefore be attached even to low-cost items,
such as books or office stationeries (e.g. stapler). A TRIPcode (see Figure 1),

read in counter-clockwise fashion from its synchronisation sector, represents
a ternary number in the range 1-3'7 (1,594,323). Only off-the-shelf hardware

is required, i.e. low-resolution CCD cameras and CPU processing power.

Cambridge ATT’s BAT




Cambridge ATT’s BAT

Figure 1. Operation of
the Bat location sen-
sor system. A Bat is
triggered over a wire-
less link (1), which
causes it to emit an
ultrasanic pulse (2).
Ceiling-mounted
receivers measure the
pulse’s times of flight,
and a controller
retrieves the times of
flight (3) over a wired
network. The con-

troller uses these

measurements fo cal-
culate Bat-receiver

disfances and thus the
Bat’s 30 position.
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Cambridge ATT’s BAT

Figure 2. Bat wire-
less tag device. Pow-
ered by a single AA
lithium cell, each Bat
has a unique 48-bit
1D, twe input buftons,
and—for outpui—a
buzzer and two LEDs.
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BAT Details

¢ Ultrasound transmitters

* 5cmx 3 cm x 3 cm; 35 grams
unique id (48 bit)
temp id (10 bit) -- reduces power

button (just one)
* rf transceiver
* Receivers in ceiling
* Base station
* periodically queries, then bats respond
* query time, recv time, room temp
e 330 m/s + .6*temp; >2 receivers ==> location

More on BATs

* Deployment

¢ 50 staff members, 200 BATS, 750 Receivers, 3
Radio cells, 10,000 sq ft office space

*20 ms per bat enables 50 BATs / sec
* Smart scheduling reduces BAT’s power

e while at rest, reduce frequency of query

pppppppppp

e detect activity at PC to deduce “rest” ‘

* Centralized Datebase — =

Monitars

e less latency than distributed query

e better filtering and error detection




Feedback of Location-service

Human-centric view of location information

Cuteness reduces concern over privacy

Programming Model?

® Analogous to window-system. BAT enters
workstation space, causes an event call-back

"The person is standing in
front of the worksiation"

ScreenSpace
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contained(Person, ScreenSpace)




Application: Follow-me
Desktop

©

pjs
— —
(1) (2)

==
(3

Figure A. Spatial monitoring application that moves users’ desktops around with them. The application registers with the Spatial Monitor (1);
as the user (pjs) approaches the display (2) or moves away from it (3), the spatial monitor sends a positive or negative confainment event to
the application that transfers or removes the desktop to or from the screen.
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APPLICATION
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CALLBACK
ASSOCIATE A DISPATCH
CALLBACK WITH A 7
SPATIAL FACT SPATIAL
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SPACE
LOCATIONS
ASSOCIATE A TYPE TO SPACE SET
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A
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BAT SYSTEM




Positive Containment
on Action Zong

Negative Overlap on
Action Zone

Negative Containment
on Maintain Zone
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"Override” Bution Event

"Select” Button Event

Add user to maching's
override set

Remove user from
machine's override set

Remove user's
workspace from the
machine

Remave user's current
workspace from that
display

Is the user's
waorkspace curiently
on a display?

5 someone already
leleported here?

IS there keyboard or
mouse activity?

Does the user
already own a
display?

Remaove user's current
workspace from that
display

5 the user ina
machine's override
set?

Bring up user's
workspace on the new
display

Bring up user's
workspace on the new
display

Figure 11. Event-condition-action diagram describing Bat Teleporting

Is the user's
workspace currently
on adisplay?

Replace workspace
with user's next most
recently viewed
workspace

Figure 5. A smart
poster. In this exam-
ple, a user controls an
e-mail notification
service with asmart
poster.
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Figure 3. Position accuracy of ultrasonic tracker




Multiple Bats (22cm baseling) -—
Multiple Bats (6.5cm baseline{ —+--
Single Bat -&---

Fraction of readings with angular error less than abscissa

1
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Figure 4. Orientation accuracy of ultrasonic tracker
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Figure 5. Three-tier architecture




Better Trackers

Bayesian filtering on sensory data
Predict where person will be in future.
position and speed over near past

behavior (avg speed) over long term
Uses

Filter bad sensory data

Likely place to find someone

Predict which sensors to monitor
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A few details of Bayesian
Filtering

Bayes filters estimate posterior distribution over the state x¢ of a
dynamical system conditioned on all sensor information collected so

far:

plry|zu0) oo piz | 2y) /rr{.r: ) plz 1] 210 1)dr

To compute the likelihood of an observation z given a
position x on the graph, we have to integrate over all 3d
positions projected onto x:

plzlz) = [ plz | ¥) plr| z) de,
rES(x)

See “Voréhoi tracking ...” Liao, et al.
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diagram.




Division of Labor

* Determining the location of object
* Associating name with location

e Object (or person) has name

e Obiject has a location

 physical or virtual (instantiation of
program on some machine)

e Need scalable solution to connect them

e RFIDs demand scalability
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Critique

® Pro’s

® one button, one device

U
® Cons
® infrastructure: expensive, poor maintenance

° on19 does one function: location

@® Modern version

® wireless sensor networks (with or without wires)
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