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AgendaAgenda

Motivation
Limitations and problems of current location technologies

UWB technology
Using the UWB technology to positioning a tag

Software platform
Creating and visualizing 3D models of the building

Using UWB system at MIP
Project work going on with the system
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MotivationMotivation

Infrared-based systems
Examples

Active badge systems
PARCTab
Locust Swarm

Problems
Usually room-level granularity
Ease obstruction of signals

Ultrasound-based systems
Examples

BAT system from AT&T labs in Cambridge (3 cm in 3D)
Cricket
Hexamite

Problems
Extensive infrastructure (750 sensors to cover ~1,000 m2, BAT system)
Easy to JAM (Jingling keys)
To reach the accuracy extensive calibration and pruning algorithms should be applied based on building and inventory information

Radio-based systems
Examples

Active RFID tags
RADAR, TMI, Nibbles, Horus, and other WLAN-based systems

Problems
Extremely sensitive to reflections of signals, thus must be calibrated to the environments
Accuracy for indoor environments typically around 1.5-4 meters

Camera-based systems
Examples

Untagged: Pfinder, EasyLiving
Tagged: Cybercode, AR Toolkit, TRIP, BBC free-d

Problems
Domain specific implementations
Direct line-of-sight
Computational hard
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MotivationMotivation –– contcont’’dd
Intuitively location is easy for humans
GPS

technically complex, but relatively accurate system 
(DGPS)
ideal infrastructure: globally available, only buy a 
receiver
not in indoor environments

General problems for existing location 
systems

Easy interference or blocking of signals
Speed of high-frequency signal makes timing hard
Signal-strength is extremely error-prone to multi-path 
and scattering reflections
For indoor smart environments centimeter-level 
accuracy is required
Dense sensor infrastructure
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UWB technologyUWB technology

© 2005
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UWB technology UWB technology –– contcont’’dd

Master
Sensor

Sensor

Sensor

Badge
or tag

UWB Pulse

UWB Pulse

U
W

B
 P

ul
se Badge or tag emits a 

UWB pulse that is 
received by the sensors

Network

N
et

w
or

k

© 2005
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UWB technology UWB technology –– contcont’’dd

Master
Sensor

Sensor

Sensor

Badge
or tag

Sensors determine location by both
Time Difference Of Arrival (TDOA) 
and Angle Of Arrival (AOA)

Network

N
et

w
or

k

© 2005
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UWB technology UWB technology –– contcont’’dd

Master
Sensor

Sensor

Sensor

Badge
or tag

Conventional RF channel schedules 
next pulse and allows two way 
communication with smart badge

Network

N
et

w
or

k

© 2005

Conventional RF
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Key advantagesKey advantages

High accuracy
15 cm in 3D

High update rate
39 Hz (max 10 Hz per tag) for each cell
Cells could be stacked

Low sensor density infrastructure
as location is determined by TDOA and AOA
Up to 5,625 ft2 (625 m2) using only 4 sensors

Dynamic update rate
Increases battery life and tracking accuracy

Interactive
Tags have programmable buttons, LEDs and buzzer

31-08-2005 © Kasper Hallenborg slide 10

W
SN

 S
um

m
er

 S
ch

oo
l –

U
W

B
 t

ec
hn

ol
og

y 
fo

r 
lo

ca
tio

n 
se

rv
ic

es

Software architectureSoftware architecture

ALTERNATIVE
LOCATION
SENSOR

NETWORKS
802.11

PASSIVE & ACTIVE RFID
INFRARED ETC

NON-LOCATION
SENSOR

NETWORKS
TEMPERATURE

LIGHTING
VIDEO

BADGE ACCESS ETC

INTEGRATION API

UBISENSE
SENSOR

NETWORK

Sensor
Networks

SENSOR API

Integrated
Applications

SPACE
UTILIZATION
REPORTING

SECURITY WORK
FLOW

VIDEO
CONTROL

COMMUN-
ICATIONS

BUILDING
CONTROL

UBISENSE SOFTWARE PLATFORM
REPORTING

&
ANALYSIS

Core software 
platform for 
enterprise
deployment

Core software 
platform for 
enterprise
deployment

Recording of 
data into 
databases for 
replay,
analysis and 
reporting

Recording of 
data into 
databases for 
replay,
analysis and 
reporting

Standard API 
for plugging in 
multiple 
sensor
devices

Standard API 
for plugging in 
multiple 
sensor
devices

High
accuracy
UWB location 
devices

High
accuracy
UWB location 
devices

Sensor API 
allows many 
location
products to be 
integrated into 
a single 
platform

Sensor API 
allows many 
location
products to be 
integrated into 
a single 
platform

Other types of 
sensors can 
be added to 
produce a 
real-time view 
of a building

Other types of 
sensors can 
be added to 
produce a 
real-time view 
of a building

Integration to 
external
systems is 
through a 
C++ or .Net 
API

Integration to 
external
systems is 
through a 
C++ or .Net 
API

Ubisense
industry
applications 
can be 
plugged on 
top of the API

Ubisense
industry
applications 
can be 
plugged on 
top of the API

Other external 
building
control and 
reporting
applications 
can receive 
and provide 
information

Other external 
building
control and 
reporting
applications 
can receive 
and provide 
information

© 2005
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The software let youThe software let you

Build & design
Models of your building and furniture (import 
from AutoCAD)
Create route planning for simulation

Administer
Battery life and behavior profiles

Visualize
Pan, zoom, and rotate in 2D and 3D
Follow objects

Application
Build event zones
Relationships to report on

31-08-2005 © Kasper Hallenborg slide 12

W
SN

 S
um

m
er

 S
ch

oo
l –

U
W

B
 t

ec
hn

ol
og

y 
fo

r 
lo

ca
tio

n 
se

rv
ic

es

What are we using it forWhat are we using it for

Students play along with the technology

Master projects
3D measuring of objects or buildings using tags and PDAs

Guidance systems inside the Maersk building

Sensor-fusion with outdoor location technologies (GPS)

Virtual world browsers: Synchronizing the real-world with virtual 
model in a 3D engine (Quake engine)

Controlling and keeping track of robots moving around in the 
building

Collaborative work environments
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Thanks for your attentionThanks for your attention

Any questions?


