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Vision

The Adaptive Computing group works on ubiquitous
computing, user modeling and interaction with a view of
making the life of ordinary people easier through easy-to-use
digital services.
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lovely resort in Hawaii. Two in our party had massages at the spa and said it was great. Thay had valet parking for $ 6
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iginal grade:

Please indicate with the thumbs whether the summary is important for the whole

review. Then choose which is the more accurate summary by clicking the
corresponding button.

o't try to jaywalk , the traffic is
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Mobile Sensing




Mobile Localization

® Goal: enable ubiquitous (i.e., everywhere and at all
times) positioning directly on mobile devices

® [ocus areas:

1. On-Device Positioning: Enable creating and
updating radio maps directly on a mobile device.

2. Facilitating Deployment: Reducing the effort
needed for calibration, facilitating WLAN access
point deployment, etc.

3. Ubiquitous Positioning: Enable seamless switching
of positioning models between different
environments.



Localization Algorithms

® Probabilistic Hyperbolic Localization

—  Probabilistic modeling of signal strength
differences between pairs of access points for
positioning

—  KLD adapted particle filter used for tracking
— Installed within two large-scale supermarkets

® On-device GSM localization

—  World represented using a grid, signal
variations within grid cells modeled using
Gaussian distributions

— Accuracy: Median < 150m, 95% < 450m

— Radio maps can be created and updated ona |
mobile device, multiple clients can share maps §'




Facilitating Deployment

® AWESOM: Automatic partitioning of spaces

42 444 45 46 47 48

— Divide a geographic area (indoors or outdoors) s
into clusters/cells that are spatially co-located . = = « -
and have similar signal characteristics =l z] ] ==

—  Can also be used to suggest locations for
adding new access points TR T 0w

® Signal Interpolation for Calibration MENENENS

—  Construct a non-linear mapping of WLAN signals
using ISOMAP and use measurements from
selected anchor points to control the shape of
the mapping

—  Can recover the structure of the environment |.# - *
and the resulting mapping can be used to
predict signal values at locations with no .
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Mobile Sensing

® Goal: collect rich and personally meaningful sensor
data from mobile devices in a non-obtrusive way

® [ocus areas:

1. Context Inference: Infer high-level context
Information from sensor data, preferably on-device.

2. Energy-Efficiency: Ensure that meaningful sensor
data can be collected and communicated in a way
that does not drain the battery of the client
rapidly.



Context Inference

® Semantically meaningful locations

— Analyze location traces to determine areas
where the user regularly spends time

—  DPCluster: algorithm that models places using
infinite Gaussian mixture models

—  Evaluation with 12 datasets: accuracy 74%,
recall 68% (f-score 0.71)

® Co-Presence Detection (ongoing)

—  Use mobile phones to detect when people are
interacting together.

— Based on similarity of WiFi signal
environments between different devices.
Works robustly regardless of sensor variations

—  Focus on structured indoor environments,
hﬁ such as campuses and offices
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Activity Recognition

® Transportation mode detection
(ongomg)

Focus on detection of transportation modes
using different modalities (GPS, GSM, acc.)

Application areas: movement models for
positioning, tools for supporting green
transportation behavior etc.

® Feature Learning (ongoing)
— Activity recognition using automatically
learned basis vectors instead of feature
engineering

Reduces effort needed to construct activity
classifiers and enables to automatically
analyze (class) structure in data
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® On-device Position and Trajectory
tracking :

Energy-efficiency

Position updates determined considering
movement (acc.), heading (compass) and
position changes (GPS)

Trajectory simplification used to determine
when to update position information

Trade-off between power consumption and
tracking accuracy

®  Empirical Energy Modeling (ongoing)

Probabilistic modeling of energy consumption
of individual sensors and sensor combinations

Enables deriving a mean estimate of power
consumption, as well as determining a
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hﬁconfidence interval for estimates
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Mobile User Modeling

® Goal: Enabling mobile applications to provide access
to more relevant information by modeling the
Interests, needs and goals of the user

1. Recommender systems: provide users of mobile
devices with access to relevant or otherwise
Interesting (e.g., serendipity) information

2. User profiling: analyze sensor and interaction data
to obtain fine-grained information about the user’s
needs and interests



Recommender Systems

L 18:42 %D? Massive

® Natural Language Recommendations E
—  Personalized special offers: identify

relevant special offers based on the g s ot ot ot 35 i 55
Contents Of a CUStomer’S ShOppIng IiSt TaffelmegapussitZ?S—iSOg.1‘99€

—  Product recommendations: recommend
useful and interesting products based on T
shopping list entries Eﬁi U

® | ocation-based recommendations

—  User study evaluating effects of location- =
awareness and personalization on :
advertising effectiveness

— Location-based media recommendations in +
an urban culture festival o
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User Profiling

® Ppath study: detecting shopping styles (ongoing)
— 102 shopping routes + receipts from a large-scale supermarket
—  Temporal and spatial information correlate strongly with
purchase behavior = potential for classifying users into
shopping styles

—  Cluster analysis indicated 4-5 clearly distinct shopping styles /
behaviors, currently looking into online prediction of s. style

Cluster 1: 36% Cluster 2: 18% Cluster 3: 1% Cluster 4: 34%

Time: 18.83min (1.16) Time: 33.30min (1.13) Time: 14.50min (1.71) Time: 10.89min (1.11)
Purchase: 5.88 (6.22) Purchase: 13.80 (55.64) Purchase: 1.97 (1.22) Purchase: 4.17 (3.17)
Sections: 21.03 (1.45) Sections: 22.57 (1.58) Sections: 10.21 (11.09) Sections: 17.69 (3.35)
Categories: 7.49 (4.39) Categories: 13.72 (20.70) Categories: 4.61 (4.02) Categories: 5.84 (4.36)
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Intelligent IR

® Goal: enable mobile interactions from limited verbal
Input and provide means for more effective browsing
of information on mobile devices.

1. Mobile search: enable people to find relevant
Information more easily, current focus on specific
application domains, particularly retailing.

2. Decision support systems: facilitate decision
making on mobile devices by providing means for
making better informed devices faster.



Intelligent IR |

® Grocery product search

—  Grocery retrieval engine that maps items *
on the user’s shopping list to products

— Ranking combines textual match with
product popularity

—  Product hierarchy used to assist search =
— 85% accuracy at rank 1

—&— Our system
— @& Lemur

"Worst Place I've Ever Stayed"

entiment summarization (ongoing) e o
are paper thin and it seems to be hot afterparty
spot [...]

—  Facilitate browsing of customer reviews
on mobile devices by extracting the most
meaninngI Sentence from a reVieW Summary: The front desk staff is not friendliest or

most helpful but they were in no way rude or dis-

— Combines a feature selection metric with ™ et oot
sentiment summarization techniques

Full Review

"Not bad at all

"Worst Hotel I've Every Stayed At"
Summary: It stinks bad musty, mildew and you
smell it second you walk in to lobby and rooms
HELSINKS are worse. And, despite having more than one
'l INSTITUTE FOR floor, [...]
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Interaction Technigues

® Intelligent interaction techniques for supporting

ambient and mobile interaction

1. Ambient interfaces: display persuasive feedback,

support learning, provide new means for interacting
with recommendations

2. Mobile interaction: focus on specific application
areas, currently retailing and navigation systems



Ambient Interfaces

® UbiLight: projector based interaction
technique (ongoing)
— Image projected to the floor, camera and
projector mounted on the ceiling

— Interaction based on gesture tracking (camera
or Kinect)

— Focus on educative content, evaluate whether
the interface can enhance learning

— E.g., prevent oil spill from reaching the shore
® Ambient persuasive interfaces (planned)

—  Peripheral displays for the home (lights etc. )

— Interfaces for visualizing recommendatlon
store environment




Mobile Interaction:
Vision-Based Interfaces

® Camera-based AR

—  Markerless tracking of the camera pose

— Recognize the shelf that the camera is
pointing at

—  Based on SIFT + bag of keypoints algorithm i

—  Currently 40% accuracy (baseline 8%)

® Mobile barcode detection (ongoing)

— Use computer vision techniques to recreate g
barcodes from mobile camera pictures

—  Contrary to scan-lined based techniques, 2
Insensitive to partial reflections that block ==
the camera view and to curved surfaces




Mobile Interaction:
Navigation Systems

® |nfluence of landmarks on user attention

—  Can we influence what people register from
their environment by selection of landmarks?

—  User study comparing two instruction types with g2
different visual demands

— Increased visual demand decreases efficiency,
but does not improve environmental recall

® Auditory interaction (ongoing)

— Voice personality and gender influence people’s
attributions of computer generated speech

—  User study investigating whether type of voice
Influences navigation performance

— Matching gender + personality a safe bet, but
voice quality matters even more
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Selected Other Work
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Contact Information

Group homepage: www.hiit.fi/adapc/
Publications: www_hiit.fi/adapc/publications

Contacts:
® pPetteri Nurmi, petteri.nurmi@hiit.fi
® patrik Floréen, patrik.floreen@hiit.fi

HIIT has also many other research groups covering a large
spectrum of topics, see www.hiit.fi

Helsinki Institute for Information Technology HIT
P.0.Box 68, FI-00014 University of Helsinki, Finland
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