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Human Behavior Analysis (HBA) is becoming more and more indispensable for Ambient-Asisted
Living (AAL) and surveillance application areas in recent years. Most of the HBA are realized by
vision techniques, however, the privacy is an inevitable problem. In our study, an infrared (motion)
sensor network is designed and applied for HBA. Different from vision techniques, our system is
privacy-preserved and brings almost no psychological/physical disturbance to the daily lives of users.

This study ranges from localization of a single person to tracking of multiple persons and activi-
ties/actions recognition of people. Two key features of low-cost equipment and privacy protection are
imposed in our system. The major problem is that these.sensors usually provide only binary response
at each epoch: if a target is present or absent. At this point it is challenging to find efficient approaches
to realize the localization, tracking and behavior analysis of multiple users. In this study, we real-
ized person localization and multiple targets tracking in an office environment, and conducted another
smaller home environment in the corner of our laboratory to realize activities/actions recognition and
fall detection. In this dissertation, some trials on improving networks and algorithms for achieving
these goals have been described.

There are 8 chapters in this dissertation. Chapter 1 gives a simple introduction of this research; the
research background can be found in Chapter 2; the introduction of our system including the device and
software is in Chapter 3; Chapter 4 introduces the localization algorithm and the soft authentication;
on the basis of localization algorithm, the soft tracking of multiple persons is realized in Chapter 5.
Chapter 6 explains how to recognize activities/actions in our system. In Chapter 7, we propose the
speed thresholds and introduce a martingale framework to detect falls of a single person in the home
environment, the conclusion is given in Chapter 8.

Person localization and identification are indispensable to provide various personalized services
in an intelligent environment. We proposed a novel method for person localization and déveloped a
system for identifying multiple persons in an office room to realize soft authentication. This system
in the office room consists. of forty-three infrared ceiling sensors with low cost and easy installation.
In experiments, the average distance error of person localization was reduced to 31.6cm that is an
acceptable error for sensors with 1.5m distance to each other. We also confirmed that walking path
and speed together gives sufficient information for authenticating the user. Through the experiments,
we obtained the correct recognition rates of 98%; 95% and 86% for any pair, any three people and all
ten people to identify individuals. Based on the localization method, we also recorded the activities of
daily living (ADLs) of a person successfully. By observing the ADLs of the person, we can investigate

the transition pattern between activities and the living habits of him/her conveniently.
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We also proposed a novel algorithm for tracking multiple persons. This system can be operated at
any time and anywhere in a room for tracking multiple persons. The experimental results showed that -
our system could track up to 8 persons simultaneously for hours in an office room with a high trace
accuracy (about 90%), though some ambiguities are inevitable,

In a smaller home environment established in a corner of our laboratory room, another infrared
ceiling sensor network system consists of twenty sensors was built to realize human activities/actions
recognition and fall detection of a single person. The sensors output multiple binary sequences from
which we know the existence/nonexistence of persons under the sensors. The short duration averages
of the binary responses are shown to be able to be regarded as pixel values of a top-view camera.
Using the “pixel values™ as features, support vector machine classifiers succeeded to recognize eight
activities (walking, reading, etc.) performed by five subjects at average recognition rate of 80.65%. In
addition, we introduced a martingale framework for detecting falls in this system. The experimental
results showed the best performance of 95.14% (F1 value), the FAR of 7.5% and the FRR of 2.0%.
This accuracy is not sufficient in general but surprisingly high with such low-level information.

In sumary, we have the following contributions in this study: (1) we proposed an algorithm for
indoor localization of a single person, (2) multiple persons were tracked and authenticated in an office
room, and their ADLs were recorded to analyze the transition pattern between activities, (3) multiple
activities/actions recognition was realized by the top-view camera usage of the sensor network, (4)
a martingale framework was introduced to detect falls. In total, it is shown that this system has the
potential to be used in the home environment to provide personalized services for the residents and to

detect abnormalities of elders who live alone.
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