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WO & H Analysis of data from multi-sensors in sleeping and awaking states

and its application

To ensure sleeping time and to keep balance of autonomic nervous systems
are important for maintaining healthy physical condition. Although many studies
have been reported on supporting sleep and wakefulness based on engineering
findings, most of the conventional research is concerned with supporting through
analysis of environmental and physiological data during sleep only. In addition,
although the development of advisory systems that lead to improvement in sleep
quality is progressing, further improvement is required from a social psychologi-
cal point of view.

The purpose of this study is to construct a system that comprehensively
supports wake-up, activity, going-to bed, sleep-onset, sleep, and awakening states
from analysis of physiological, environmental, and behavioral data. The proposed
system consists of two approaches. 1. Engineering approach: After acquiring the
physiological, environmental and behavioral data during awakening and sleeping
time, data are analyzed, integrated and evaluated for grasping the physical con-
dition including the autonomic nervous system balance so as to control bedding
and environment. 2. Social psychological approach to encourage behavioral exe-
cution: From the integrated analysis, appropriate behavioral guidelines for sleep
induction are presented.

Toward the realization of this system, the basic technology of individual
component was developed and its effectiveness was examined. As the engineering
approach, visualization method for the autonomic nervous balance was proposed
at first. Through experiments during daytime, the effectiveness of method was
verified. Next, a neural network was used to evaluate environmental and physio-
logical data that affect time-series changes in sleep state. Based on this result,
the effective function for automatic bedding adjustment in falling asleep, sleep-
ing, and awakening states was examined. In addition, a deep neural network has
been proposed to predict the time to fall asleep and awake from unrestrained
sensor data, so that bedding function operates according to falling asleep and .
awakening. As a consideration with mean absolute error of the predicted time, it
has been shown that the proposed method has a capability of estimation with
high accuracy. In case of the social psychological approach, a method of present-
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ing effective advices based on the results of sensor data analysis was examined.
The statistical verification showed a significance of this method.

From the above, the foundation of the proposed support system has been
constructed. It is expected that the proposed system totally supports sleep and
wakefulness with analysis of data from multi-sensors in sleeping and awaking
states, and also with behavior promotion advice from a social psychological ap-
proach,
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