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Summary of thesis contents

The vitality of detecting human context information lies in that it relates closely to almost all our daily
aspects, such as locating where a person is, knowing what he/she is doing and identifying people nearby.
In the past decade, research of context awareness has focused more deeply on studies of location
awareness and activity recognition, since the two aspects are involved in a large number of practical
applications, ranging from location-based services, medical care to social science. The recent decade, with
the ubiquitous distribution of mobile device integrated with a suite of sensors including accelerometer,
microphone, GPS, WiFi, camera, digital compass and gyroscope, the device can provide a variety of
contexts, such as user’s physical location, activities and orientation, etc. However, despite the huge
progress in this research area, there is still much more to be investigated. For instance, 1) most of existing
solutions require wearing a device, then one could ask what can be done with the absence of such a
device; and 2) the accuracy of RF-based indoor localization is constrained by the unpredictable
characteristics of radio signals in indoor environments and hence needs to be improved.

In this dissertation, we design two novel context-aware systems that can address the problems like those
described in the previous section and learn the useful human context information such as activities,
locations attention and velocity. More specific, we first present a passive FM radio source based activity
recognition system. Then, we propose an WiFi based indoor device-free positioning and tracking scheme
using fine-grained Channel State Information (CSI) as source information.

(1) ActiviTune: A Multi-stage framework for activity recognition from FM-radio signals

In activity recognition, the majority of frequently applied sensing technologies require prior installation
and repeated calibration within a changing environment. Examples are sensors for motion detection such
as acceleration-type sensors as well as video or RFID-based systems. Clearly, the installation effort might
diminish by proper integration of sensors in everyday objects, such as clothing. This has the potential to
seamlessly foster the distribution of sensing equipment but also implicates the potential for inaccurate
placement, thus increasing the importance of frequent sensor calibration. An approach that mitigates the
necessity to equip users and also the frequent recalibration of the system is to establish context awareness
using to establish environmental modalities.

The RF-transceiver of electronic equipment might constitute such kind of sensor. Nearly all contemporary
electronic devices contain some kind of interface to the RF-channel. We propose to use the RF-channel as
a sensing source to detect activities of individuals by monitoring peculiarities of RF-based features
induced by these very activities. Comparing with other RF-based approaches, ActiviTune has the
advantage of neither installing a transmitter generating the signal nor equipping the monitored entities
with any active component of the system. In this thesis, we test our system to distinct several static and
dynamic activities, by which, an overall accuracy of over 80% can be attained. Also, we further conduct
another case study to explore the feasibility of discriminating both activities and locations of a subject
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simultaneously.

Given the overabundance of information, attention management is of great interest to the research
community of ubiquitous computing and context awareness. e believe our above proposed FM-based
activity recognition framework can provide a general solution to a plethora of context-aware computing
systems. In this thesis, we exemplify an application using ambient FM-radio signals in monitoring of
attention. We analyze the features extracted from ambient FM-radio signals to understand the locomotion
of an individual passing by a poster and then take it as a hint to imply the level of attention attracted by
that poster.

(2) Mining Location Contexts Using CSI Information

Besides user’s activity, context-aware systems are also concerned with learning the location of an entity,
since it is a crucial type of context. In indoor environment, GPS-based techniques are not operational
indoors. Accurate and ubiquitously available indoor localization is still an unsolved issue.

As the presence of a device-free subject can interfere with the ambient RF signals derived from radio
sources, researchers have explored passive device-free (DfP) indoor localization, utilizing the change of
RF signals induced by a monitored individual to estimate the person’s location. However, due to the
multipath effect and the limited granularity of Received Signal Strength Indicator (RSSI), there is still
much room to improve the accuracy of indoor localization.

In this thesis, we propose a probabilistic fingerprinting-based technique for DfP indoor localization. Our
system adopts CSI readings derived from off-the-shelf WiFi 802.11n wire- less cards which can provide
fine-grained subchannel measurements in the context of MIMO-OFDM PHY layer parameters. This
complex channel information enables accurate localization of non-equipped individuals. Our scheme
further boosts the localization efficiency by using principal component analysis (PCA) to identify the
most relevant feature vectors. The experimental results demonstrate that our system can achieve an
accuracy of over 92% and an error distance smaller than 0.5m. We also investigate the effect of other
parameters on the performance of our system, including packet transmission rate, the number of links as
well as the number of principle components.
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