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• Founded in 1958
• 6 faculties
• 16 000 students
• 2900 employees
• Total funding EUR 226 million
• Four research focus areas: 

– Information Technology
– Biosciences and Health
– Cultural Identity and Interaction
– Environment, Natural Resources and Materials
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• Ubiquitous computing (MediaTeam)
• Machine vision
• Intelligent systems
• Biomedical engineering
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Impact
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Ongoing work

6

Social and complex networks

Sensing for public transport

Security and privacy

PEOPLE

SPACESTECHNOLOGY

Human Computer Interaction,
Trust, Privacy, Phishing

Spatial & Transpatial Social Networks
Urban Mobility & Encounter
Epidemiology & Diffusion

Space Syntax

Augmented Spaces
Situated Services

Delay Tolerant Networks

Instrumenting mobile platforms

Public interactive displays

Thursday, March 29, 12



Slide

UbiOulu

Outline

• Overview of infrastructure
• Sensing/contacting bus passengers
• Multimodal traffic sensing
• Associating across multiple datasets
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panOULU WLAN AP

panOULU BT AP

panOULU WSN AP

Loudspeaker

NFC/RFID
reader

Control PC

500 GB
RAID 1 disk

Cameras

57" Full HD LCD panel

6 mm safety glass with
capacitive touch screen foil
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Bluetooth network
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3D Oulu
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Which half is real?
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Reconstructing movement
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Catchment areas
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Where is it busy now?
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Live demo?
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Click and pray!
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http://ufn.virtues.fi/~swproject12/maps_test.html
http://ufn.virtues.fi/~swproject12/maps_test.html
http://livepage.apple.com/
http://livepage.apple.com/
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Intelligent sensing for public transport
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Kostakos, V., Camacho, T. and Mantero, C. (2010). Wireless detection of end-to-end passenger trips on public 
transport buses. IEEE Conference on Intelligent Transportation Systems,  pp. 1795-1800.
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Camacho, T., Kostakos, V., and Mantero, C. (2010). A Wireless Infrastructure for Delivering Contextual Services and 
Studying Transport Behavior. IEEE Conference on Intelligent Transportation Systems, pp. 943-948.
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Figure 10. An Origin-Destination matrix, superimposed on a map of
the downtown area. The blue triangles indicate the location of the Blue-
tooth scanners, while lines connecting them indicate vehicle transitions.
Relative volume of traffic from low to high is depicted using a range
from thin blue lines to thick pink lines, respectively.

Figure 11. Turning ratio is given in relation to the main traffic (A-to-C)
and describes the portion of cars making a right turn towards D.

(k, j) would represent the number of devices observed tran-
sitioning from location k to location j [31]. However, in
our matrix M these cells contain a richer structure describ-
ing all detected routes from k to j. These are represented as
walks through the graph specified by the scanners (vertices)
and their ordered pairwise connections (edges). We do not
impose restrictions on the walks relative to the physical con-
strains on connections between the scanners (e.g. one-way
streets), thus the underlying graph is undirected. The walks
may also visit the intermediate vertices (scanners) multiple
times. As a result, each cell in M may contain multiple
walks through the street graph, indicating the volume and
durations for each route that vehicles were observed taking
from k to j.

Visualization of a segment of the OD-matrix M is shown in
Figure 10. The thicker lines on the edges of the street net-
work correspond to higher volumes of traffic on main streets,
whereas the lines across the centre of the figure represent
routes through downtown with less volume.

Given M , it is possible to systematically infer turning ratios
for any particular intersection in our study. In fact, M can
easily be converted to a turning ratio matrix. For instance,
consider a sample intersection shown in Figure 11. In this
case, we can estimate the turning ratio (from A to D via B)
by looking up in M the values for a = (A,C), where the
walk is (A,B,C) (number of vehicles continuing forward),

Table 1. Results on estimating turning ratio. Error rates are relative to
ground truth turning ratios derived using loop detectors.

Test Duration Method Turning
ratio (std)

Error
%

1 1 day (10
samples)

Bluetooth 0.3996
(0.1418)

9.76%

Loop detectors 0.4972
(0.0259)

2 1 week
(3 sam-
ples)

Bluetooth 0.4361
(0.0386)

6.82%

Loop detectors 0.5036
(0.0135)

3 3 weeks
(1 sam-
ple)

Bluetooth 0.4498 (-) 3.52%

Loop detectors 0.4850 (-)

and b = (A,D) (number of vehicles turning right), with
the associated walk (A,B,D). Given these values, the turn-
ing ratio can be calculated as Tr = a/b, which can also be
expressed as a percentage. Hence, we have used one modal-
ity to estimate the turning ratio at the intersection, and us-
ing the second modality (in our case the inductive loops) we
can convert the ratio into an absolute volume. This is done
simply by multiplying the ratio with the number of vehicles
detected at position A by an induction loop.

We tested the accuracy of this technique by considering an
intersection in our study where we had extensive data from
both modalities. Specifically, the intersection was similar
in layout to the one shown in Figure 11, and had Bluetooth
data from all directions leading to the intersection. In addi-
tion, the intersection contained separate lanes and dedicated
loop detectors for turning traffic, which we used to derive
the ground truth turning ratio in this case. In the experiments
we attempted to calculate the ratio of cars moving from lo-
cation A toward C that made a right turn towards D. Table
1 shows the results of using our technique to estimate the
ratio of devices turning at the particular junction. The re-
sults suggest that for a single day of observations the error
is approximately 10%, but we observed a sharp decrease in
the error rates when considering longer observation periods.
For instance, for a 3-week observation period we observed a
3-fold decrease in the error rate down to 3.5%.

DISCUSSION
This paper presents methodological contributions in devel-
oping multimodal techniques to sense traffic in the digital
urban landscape. A number of previous projects have con-
sidered using proximity-based technologies, such as Blue-
tooth or Wi-Fi traces to capture urban mobility [7, 10, 12,
18, 22, 23, 28]. We argue than any single of these technolo-
gies may become obsolete in the future, making them less
attractive tools. For example, recently manufacturers have
reduced the Bluetooth functionality on mobile handsets by
limiting their discoverability. Despite this, some character-
istics of proximity-based technologies, such as the use of
unique identifiers, still make them attractive. We therefore
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More activity => More noise
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The end

Vassilis Kostakos - vassilis@ee.oulu.fi

• 3rd Ubi Summer School 2012
– http://www.ubioulu.fi/en/UBI-summer-school-2012

• Researcher in Residence program
– Soon to be announced
– UbiChallenge: http://www.ubioulu.fi/en/UBI-challenge

• Special issue of IJHCS on Social Networks and Ubiquitous 
Interactions.

• Or just come visit!
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