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Thesis Summary

The past decade witnessed rapid development in the basic Internet, communications theories and in some
newly emerging technologies, such as wireless sensor networks (WSNs), wearable sensing and computation.
With the rapid development of these technologies, understanding individual’s activities, social interaction, and
group dynamics of a certain society becomes possible and plays an important role for creation a ubiquitous
information society around us. This will inevitably enrich our life’s content and improve our society’s
efficiency.

Environmental background sound is a rich information source for identifying individual and social behaviors.
Therefore, many power-aware wearable devices in the WSNs system with sound recognition function are
widely used to understand and trace human activities. Design of these sound recognition algorithms has two
major challenges: limited computation resources and a strict power consumption requirement. These motivate
us to develop a new method for recognizing environmental background sounds upon our power-aware
wearable sensor node. Therefore, we address to develop a new sound recognition algorithm which can achieve
high recognition accuracy while still meeting the wearable sensor’s power requirement in the dissertation.

In Chapter 1, the motivation and challenge of this study are introduced. Related work is also surveyed.

In Chapter 2, the hardware architecture of our power-aware wearable senor node and software-level sound
recognition flow are introduced. Upon this resource limited platform, the assumptions and special constrains
of this research are discussed. Basic approaches to tradeoff the system’s accuracy and power consumption
problem are proposed.

In Chapter 3, the experimental setup and process are presented. Comprehensively considering the system’s
accuracy and power consumption as the proposed sound recognition algorithms’ performance evaluation
criteria is also discussed.

In Chapter 4, sound feature extraction Mel-frequency cepstral coefficients (MFCC) and vector quantization
(VQ) classification Linde-Buzo-Gray (LBG) algorithm is applied for recognizing the environmental
background sounds. Applying this algorithm to 20 typical daily activity sounds, average recognition accuracy
of 93.8% can be achieved. In this algorithm, how the three parameters (i.e., Mel filters number,
frame-to-frame overlap and LBG codebook cluster number) affect the system’s calculation burden and
accuracy is also investigated. Based on the performance evaluation method in Chapter 3, the comprehensive
performance of proposed MFCC+LBG algorithm is evaluated.

In Chapter 5, a new low-complex Haar-like sound feature with hidden Markov model (HMM) classification
algorithm is proposed and applied to recognize the environmental sounds. Average recognition accuracy
96.3% of twenty typical daily activity sounds by the proposed algorithm can be achieved, which outperforms
normal personal hearing capacity 82% accuracy. At the same time, it also satisfies the amount of calculation
cost decided by the wearable sensor node’s energy resource. Through experimental comparison, the proposed
method outperforms other normally utilized sound recognition algorithms as the recognition accuracy and
calculation cost two evaluation parameters concerned.

In Chapter 6, summary of this study is concluded. Overview of the future work is also mentioned.
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