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Abstract of Thesis

Smart devices such as smart watches and smartphones are commonly used in every aspect of the user’ s
daily life. These versatile smart devices are equipped with high quality sensors, that can be
employed to sense contextual information of the user. Contextual information about the user’ s body
is generally collected by means of devices placed on the user’ s body, i.e., wearable devices
Contextual information about the user’ s surroundings can be collected either by distributing sensors
in the user’ s environment or by remotely sensing the user’ s surroundings employing a probing device
placed on the user’ s body

On—body sensors such as accelerometers, provide information regarding the user’ s activities that can
be employed to develop context—aware applications. However, the user’ s surroundings also provide a
rich stream of information regarding the user’ s context. For example, information regarding the
user’ s environment and the objects in close proximity is abundantly available in the user’ s
surroundings. Capturing such information makes it possible to estimate information regarding
attributes of such objects and the user’ s interactions with them, and characteristic attributes of
the user’ s environment. This information can then be used to recognize the user’ s context. In this
thesis, we focus on capturing contextual information about the user’ s surroundings. Specifically, we
employ the user’ s smart devices, i.e., smartphones and smartwatches, and sound sensing to capture
contextual information from the user’ s surroundings. In recent studies, sound sensing is widely
being adopted in capturing contextual information of a smart device user’ s surroundings Furthermore
the characteristics of sound sensing allow us to employ cost—effective, easy—to—maintain methods to
sense the user’ s surroundings with a less number of sensor nodes. Moreover, high—quality microphones
and speakers are already included in the off-the—shelf smart devices that further increase the
adaptability of such methods.

In this thesis, we first propose a method to capture information regarding the user’ s interactions
with door objects in the surroundings. The user’ s interactions with door objects in an indoor
environment provide vital information that can be employed in applications in the security
infrastructure, and healthcare sectors. We use a single disused smartphone placed in an environment
(room) to recognize the user’ s interactions with multiple door objects. Our method not only captures
the open/close events of the door objects but also captures the opened/closed states of the door
objects at any given time which increases the adaptability of our method to applications such as HVAC
control. Furthermore, our method also can capture information regarding human movements in the
environment which is an essential factor in applications such as surveillance. We evaluated our
method using sensor data from five household environments. Our method could recognize door
events/states of multiple door objects in an environment with a single probing device with high
accuracy.

Next, we propose a method to capture the user’ s indoor location attributes using sensor data from
the user’ s smartwatch. We employ both the acoustic data as well as acceleration data from the user’
s arm to capture location—specific sensor data segments (location—specific acoustic characteristics
and acceleration data segments) and estimate the user’ s indoor location class. We propose a novel
matrix manipulation method that automatically extracts short segments of location—specific data from
time—series sensor data. Furthermore, we describe a method to automatically build a location
classifier without requiring handcrafted rules and templates. We collected data from four different
household environments and evaluated our method. Our method could estimate seven different location
classes without requiring training data collected from the target environment




Finally, we propose a method that employs sound sensing via a smartphone to estimate the distance and
the relative velocity of the obstacles in front of the user, which can be used to aid distracted
pedestrians to avoid a collision with an oncoming obstacle. We employ a novel acoustic probing signal
that facilitates distance and velocity estimation of both static and mobile roadside obstacles
Furthermore, our novel neural network architecture considers the mobility of the obstacle to
efficiently estimate its distance and relative velocity. We evaluated our method using acoustic data
from 327 obstacle encounters. Our method achieved an obstacle mobility estimation with a 94% F-
measure. The mean absolute error (MAE) of distance and relative velocity estimation was as low as
20.6 cm and 0.19 ms .
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