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Location-Aware Computing

A 3D rendering of a 
world model 

constructed and 
updated in real time 

using the location 
system

A real-world 
environment where 
people are wearing 

location tags

Location tags are worn by people and 
attached to objects

So accurate tag location allows us to sense 
where people and objects are

This lets us build an up-to-date model of 
the world to be shared by applications, 
making them context-aware
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Presence and personalisation

Presence

Alone

On Telephone
Meeting

Interruptible

Auto call routing
Mobile desktops

Device 
personalisation

More information available at: http://www.uk.research.att.com/spirit
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Location: Active Badge

Infra-Red Network
10 meter range
diffuse
room-scale location

First deployed 1988
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Location: Active Bat

Mobile transmitter 
(Bat)

Ceiling

Ultrasonic transponder
Measure pulse time of flight
Radio synchronised
3D location

First deployed 1997



UK-UbiNet

Ultrawideband (UWB) location 
system overview

Wireless tags
– Carried by personnel
– Attached to equipment
– Battery-powered

Fixed base stations
– Part of managed 

infrastructure
– Can be mounted on walls, 

ceilings, poles
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UWB sensor features / benefits

Robust indoor and outdoor operation

Non-line-of-sight operation

Leading edge detection and multipath rejection

Long measurement range

Low power consumption
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UWB immunity to multipath

Power

Time

Time

Tx

Rx

reflected
signal

reflected
signal

direct path
signal

UWB

conventional RF

Power
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Calculating a 3D position

Calculates tag position from multiple sensor readings

If tag clock offset was zero, would just need readings from three base stations
– Base station clocks are all synchronised

But tag clock offset is unlikely to be zero!
– Use additional base station readings to solve for position and unknown clock offset
– Nonlinear regression calculation
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UWB sensor system accuracy

Three base stations 
in 20m x 20m 
space

2D accuracy test

95% confidence 
contours

10cm

30cm

50cm
70cm
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Programming with space

Roll the GUI out onto the carpet…
– People are now cursors!
– Active regions on “floor”

Spatial index:
– Define spaces
– Monitor interactions
– Generate events

Containment
Overlapping

– +ve and –ve events
API is sensor agnostic
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Environment Discovery

R.Harle

Create linkage diagram, prune and refine 
topological map
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Environment Discovery
R.Harle

Use reflections to update world model

Suitable for UWB location
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Environment Discovery 
R.Harle

Use ray-tracing to update world model



UK-UbiNet

Location Privacy

mix zonea 12
57

bA.Beresford, F.Stajano

Frequently changing pseudonyms

Mix zones

Level of anonymity

Do we really mix?
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What has been achieved since 1988?
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Observations

Raw sensor data and simple logic works

– Publish user’s context

– Follow-me VNC desktop

– 0-D control device

Domain specific agents work

Feedback to user is very helpful

Nothing else works (as yet…)

Inference and prediction rapidly hit a brick wall
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Ubiquitous? Pervasive? Ambient? 
Calm? Sentient?

Postulate “Perfect Sensor System”

How to define context, semantics of queries, user intent

Will statistical inference work?

Can functional tests provide foundations?

How will user interact?

Is this research area in danger of being discredited?


