
On Context Awareness
in Ubiquitous Computing

Doina Bucur

Aarhus, Nov 21, 2008



Overview

Brief overview of ubiquitous computing

... then of context and context awareness

List the contributions collected in my dissertation

... then give depth to one contribution

... and briefly overview most others
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Field: Ubiquitous Computing
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Paradigm:

Quotidian interactions are now interactions with networked 
data-processing systems available everywhere.

These networks of computers autonomously monitor and adapt 
themselves and the computational environment.

Vision of large-scale and 
distributed, mobile, 
adaptive computing



ÒThere are many ubiquitous 
computingsÓ...

Ubicomp today: loosely connected fields of study

...with different foundations, tools and techniques
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[ Adam GreenÞeld. Everyware: The Dawning 
Age of Ubiquitous Computing. 2006 ]
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Research perspectives: 

user experience engineering theories

[ D. Chalmers et al. Ubiquitous Computing 
Grand Challenge: Manifesto. 2006 ]

[ Adam GreenÞeld. Everyware: The Dawning 
Age of Ubiquitous Computing. 2006 ]



Concept: Context Awareness
Central technical aspect in ubiquitous computing; 
unifying the authorÕs eclectic contribution
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Context awareness:

sense or discover the change in computational surrounding

dynamically adapt behaviour to change.

traditionally: 
standalone applications

newly: 
distributed applications



Questions: 
from Sensing to Behaviour
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context 
sensing

contextual
behaviour

service
discovery

security

localization

activity 
recognition

MANET
protocols

history-based
trust

access control

context-triggered
actions

contextual
commands



Toolboxes: 
from Practical to Theoretical
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Ubiquitous computing: a tale of 
two cultures

engineering: build reliable 
systems -- best-effort operation

computer science: equal systems 
with mathematics and prove 
correctness of specification -- 
guaranteed operation

theory

practice

models
analyses

hardware
OSs

protocols
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Infrastructureless Positioning
with Background Radioactivity

with Mikkel Baun Kjaergaard

¥ Doina Bucur and Mikkel Baun Kj¾rgaard. GammaSense: Infrastructureless 
Positioning using Background Radioactivity. In Proceedings of The Third IEEE 
European Conference on Smart Sensing and Context (EuroSSC), volume 5279 of 
Lecture Notes in Computer Science, pages 69-82. Springer Verlag, Oct 2008.
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Localization
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 Indoors    vs.   Outdoors
[ Mikkel Baun Kj¾rgaard. A Taxonomy for Radio 

Location Fingerprinting. LOCA 2007 ]
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True ubiquity:
1. Coverage      2. Independence



To summarize:
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Radioactivity 
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Sensing Radioactivity
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Radiation detectors / 
counters

Gaseous ionization 
detectors: Geiger-Mueller 
counters

Sensitive to: beta, gamma rays
Manufacturer: Impo Electronic



Natural Radioactivity
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Source of radiation Percentage
Cosmic radiation total 18.48

(beta, gamma) 13.74
Terrestrial radiation total 82.46

soil, building materials: 238U, 232Th (alpha), 40K (beta) 22.74
air: radon 222Rn, thoron 220Rn (alpha) 59.24

Worldwide exposure to radioactivity

basement

ventilation

cosmic radiation
(beta, gamma: 13%)

terrestrial radiation
(beta, gamma: 82%)

[ United Nations Committee on the Effects of Atomic Radiation), 
Exposures from natural radiation sources. 2000 ]



Radon

Indoor Geometry of Sources

Source of radon Mechanism
Rate (Bq/m 3h) and percentage
Masonry house Wooden house

Building elements
Walls and ceiling Di! usion 16 (18) 2 (3)

Subjacent earth
Through gaps Advection 66 (73) 60 (86)
Through slab Di! usion 4 (4) 4 (6)

Outdoor air InÞltration 3 (3) 3 (4)
Water supply De-emanation 1 (1) 1 (1)
Total 90 (100) 70 (100) 17

basement

ventilation

underlying earth: 77%

building elements: 18%

outdoor air: 3%

ÔcageÕ effect:
indoor levels = 
1.4 * outdoor levels



Fingerprinting 
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Prerecorded database of readings at all locations

ClientÕs reading compared to database

Probabilistic answer

[ Mikkel Baun Kj¾rgaard. A Taxonomy for Radio 
Location Fingerprinting. LOCA 2007 ]



Results: Floor Detection
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Results: Floor Detection
upper floor: 10% decrease in mean, 
25% decrease in standard deviation

machine learning: 72% floor 
identification 

(5 x 1 minute counts at client, 60 x 1-
minute fingerprints)
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Results: Wing Detection
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Results: Wing Detection

20

3 wings

machine learning: 68% 
3-wing detection and 
82% 2-wing detection 

(5 x 1 minute counts at 
client, 20 x 1-minute 
fingerprints at marks    
A-E)

2006

built 2006

built 1993

built 1900



Summary and Conclusions

Interdisciplinarity

Floor, wing and indoor-vs.-outdoor detection

Miniaturized radiation sensors commercially 
available

Accuracy varies greatly with building

Stability of signal over long time unproven

21



Service Discovery in
Activity-Based Sensor Networks

Springer MONET, volume 12/2Ð3, 
2007

with Jakob Bardram 
(Centre for Pervasive Healthcare)

22

Foundation: 

ad-hoc routing

sensor networks

Activity-Based Computing

Cross-layer protocol 
design

D

C

B

A

CB

DB

A

C

Routing and service tables:



Secure Data Flow in a 
Calculus for Context Awareness 

Springer LNCS, volume 5065, 
2008

with Mogens Nielsen
(BRICS)
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Foundation: 

process calculi

real-world ubicomp systems

access control

A model of computational 
context

A technique for the 
verification of access 
control specifications

Turing 020 Turing 007

Turing 0

print      P print

!

[ Pascal Zimmer. A Calculus for Context-
Awareness. BRICS Report RS-05-27 ]

[ Luca Cardelli and Andrew D. Gordon. 
Mobile Ambients. FOSSACS 1998 ]



Verifying ANSI-C Context-
Aware Applications

Working paper

with Marta Kwiatkowska
(University of Oxford)
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Foundation: 

model checking

Contextual behaviour

context-aware code 

programming difficulties

automatic detection of 
context-aware program 
points

c::update_power

c::context_handler

power = power_ctx->value;

!((int)(ctxt *)arg->type == 0)?

update_power((ctxt *)arg)

false

return NULL;

c::middleware

[..]

Start of Thread

context_handler((void *)(&ctx))

End of Thread
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Thank You 

26


