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Summary

As people age their need for care increases, but with an increasing population of
elderly worldwide, it becomes important that such care is provided in an efficient
way. Automatic health monitoring provides an inexpensive way for obtaining
information needed to give efficient and accurate care to these elderly. A common
method in healthcare for assessing the cognitive and physical wellbeing of elderly
are activities of daily living (ADL), a collection of activities that are performed on
a daily basis such as cooking, toileting and showering. Recent developments in
sensing technology make it possible to easily equip existing homes with sensors,
therefore allowing a continuous observation system. However, automatically
interpreting this sensor data to recognize ADLs is an unsolved problem.

We use wireless sensor networks to observe actions performed by inhabitants in
their homes. Sensors used are contact switches to measure whether doors and
cupboards are open or closed; pressure mats to measure sitting on a couch or
lying in bed; mercury contacts for movement of objects such as drawers; passive
infrared sensors to detect motion in a specific area and float sensors to measure the
toilet being flushed. Recognizing activities from such sensor data is challenging
because the data is ambiguous, unsegmented, noisy and because activities can
be performed in a large number of ways.

In this thesis, we answer some fundamental pattern recognition questions with
respect to activity recognition. Issues with respect to discretization and feature
representation are discussed and solutions to these issues are proposed and em-
pirically supported. We compare the recognition performance of two of the most
basic temporal probabilistic models, the hidden Markov model and the condi-
tional random field, both providing a baseline for the recognition performance.
The two models used present an important dichotomy in the field of temporal
probabilistic models, namely the choice between generative and discriminative
models. The use of the Markov assumption in these models has important limi-
tations with respect to modeling long term dependencies. Semi-Markov models
relax the Markov assumption and provide a solution for modeling long term
dependencies, but require computationally expensive inference algorithms. We
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compare conventional Markov models with their semi-Markov counterparts and
discuss their impact on the computation time and recognition performance. To
model the internal structure of activities more accurately we present a hierarchi-
cal model for activity recognition. The use of a hierarchy allows abstraction of the
data on multiple levels. We compare two approaches to modeling activities using
hierarchical models and compare the recognition performance of these models to
the performance of the Markov and semi-Markov models. Finally, we introduce
a method for applying activity recognition models in multiple homes without the
need for labeled training data from each home. Models used in activity recogni-
tion require labeled data to learn the model parameters. But a model trained for
one home can not automatically be used in another home, due to differences in
the layout of the homes and the behavior of the inhabitants. We present a transfer
learning method that allows us to use labeled data from other homes to learn the
model parameters for a new home. This makes it possible to apply the models
discussed on a large scale, therefore providing a broadly applicable solution to
efficient care giving of elderly.




