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Abstract of Thesis

People around the worid spend every day carrying various forms of computers such as smartphones and smartwatches
on their person. These devices have a number of sensors that enable us to collect data from these users that
gives us a great deal of insight into their lives. One of the most impertant applications of that data is
its use in ubiquitous healthcare. Using ubiquitous computing, caregivers can collect reliable long-term data
on their patients’ daily-life activities to extract information about their patients” health. This data can
be used to increase the quality of care given to the patienis and can alse significantly reduce the cost of
care.

The support given fo healthcare by ubiquitous computing can be grouped into two levels of support: macro-level
support and micro-level support. At the macro level, wbiquitous computing is supporting a quantitative analysis
of the activities, giving caregivers information about what daily-life activities their patients are
conducting, when they are conducting them, and for how long they are conducting them This gives caregivers
a rough overview of the daily life of the patients and allows the caregivers {o check that essential activities
such as medication intake are being performed and that activities such as exercise are being performed for
an adequate amount of time. While this support {o healthcare can greatly increase the gquality of care, it
can also place an increased burden on the patients, as the processes needed io contintously recognize activities
can quickly drain the batteries of the devices needed to collect this data, e.g . smartwatches

At the micro level, ubiguitous comrputing is supporting a qualitative analysis of activities, allowing
caregivers to analyze the patient’s performance at specific activities. This level of support can greatly
increase the quality of care, but also has challenges that must be addressed. TFirst, enabling this type of
support can place an increased burden on the patieats by requiring them {o purchase specialized sensors to
enable support, e. g, requiring patients to purchase specialized toothbrushes in order to enable an analysis
of their toothbrushing. Second, enabling this level of support can place a large burden on experts and
researchers, as these systems are typically handeraited for a specific activity, requiring a large effort
to design and {rain.

In this work, we address each of ihe challenges listed above in our pursuit of ubiquitous healthcare that
is accessible to patients at low cost and with low burden. We first address the challenge facing macro-level
support to ubiquitous healthcare, i.e., the excessive energy used when conducting activity recognition
continuously throughout ihe day by proposing an energy-efficient solution for conducting activity recognition
when using a smartwatch coupled with a smartphone. We then address the challenges facing micro-level support
to ubiquitous healthcare, i.e.. the need [or specialized sensors and the burden placed on researchers when
creating periormance evaluation systems. Using the fask of toothbrushing, we address the need for specialized
sensors in our work on evaluating tooihbrushing performance using audio data collected by a commoditly
smartphone. We then address the burden placed on researchers in our work on applving deep learning to performance
evaluation in order to automate feature extraction processes.




This thesis is comprised of [ive chapters. In Chapter 1, we go into detail on the background, molivation
and content of this work and then provide anoutline of the thesis. In Chapter 2, we propose an energy-elficient
method for recognizing both repetitive and non-repetitive actions in acceleration data collected by &
smar tphone.

in this study, we recognize both repetitive and non-repetitive actions using a tree structured classifier
that conbines features that are widely used to recognize repetitive actions with dynamic time warping-based
k-nearest neighbor classifiers that are capable of recognizing non-repetitive actions. In Chapter 3, we present
a method for evaluating toothbrushing performaace using audio data collected by a smartphone. This method
first conducts activity recognition on the audio data to classily segmenis of the data into several classes
based on the brushing location and type of brush stroke used. These recognition results are then used fo generate
input for an SVM regression model, with the output of the SVM model derived from evaluation scores assigned
to each session of toothbrushing by a dentist who specializes in dental care instruction. In Chapter 4, we
propose a method for conduciing toothbrushing performance evaluation through the use of deep learning. We
exploit the ability of deep neural networks to automatically extract meaiingful features from raw data to
conduct performance evaluation without the need to create handcrafied features for the data or create an
intermediate activity recognition process such as the ome used in Chapter 3. In Chapter 5 we conclude the
thesis and discuss our future work
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