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Estimation and prediction of physical and
mental health using a wearable device for

preventing loss productivity.”

Yuta Takahashi

Abstract

Everyone has an experience of becoming bad physical condition or bad mental
condition which is caused by various factors such as lifecycle, lack of sleeping,
eating habit, or stress. Such conditions are often neglected, but they can lead to
the decreased activity and distraction, and decrease of the people’s productivity.
If there is a technology that everyone can estimate or predict his/her (physi-
cal/mental) conditions on the current day or the next day, he/she can cope with
or prevent bad conditions. However, estimating inner states like physical condi-
tion or mental condition using sensors are much more difficult than estimating
outer states like activities. Both good and bad conditions are considered affected
by a life habit. Therefore, we need a sensor for recording a life habit for esti-
mating and predicting conditions. We can use a wearable device as a device that
can sense our life for a whole day. It is very probable to extract a life habit from
life logs such as walking steps, heartbeats and sleeping time/duration obtained
by analyzing data from a wearable device. Our object in this thesis is to investi-
gate and evaluate whether it is possible or not to estimate and predict physical
and mental conditions using life logs from the wearable device. For this purpose,

First, we surveyed existing studies and selected a kind of condition which affects

*Master’s Thesis, Department of Information Science, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1651067, March 15, 2018.

il



work productivity. We also surveyed whether the conditions can be estimated or
measured using current technologies. From a result of the survey, we confirmed
that a heartbeat sensor is effective for estimating each condition. Then, we de-
termined to employ a wearable device with a heartbeat sensor in our study. We
propose a method for estimating and predicting physical and mental conditions
consisting of two steps. The first step extracts features related to time and life
habit by using autocorrelation function and so on. The autocorrelation function is
the function which calculates the correlation while convolute the same waveform
to determine the period of the waveform. Then, we build a model for estimating
(for the current day) and predicting (for the next day) physical /mental conditions
by using three machine learning algorithms including Support Vector Machine.
In the model, features are explanatory variables, and three classes (bad, normal,
good) of mental health or physical health condition are objective variables. To
evaluate usefulness of our proposed method, we conducted an experiment where
ten participants collected life logs and answered subjective physical and health
conditions (ground truth) every day during one month and a half. We built a
model using the collected data and evaluated the accuracy of estimation and
prediction. As a result, we confirmed physical health could be estimated and pre-
dicted with accuracy of 88.1% and 84.0%, respectively. Moreover, mental health
could be estimated and predicted with accuracy of 93.2% and 94.1%, respectively.
We could not build a proper model for estimating and predicting physical and
health conditions in finer level. However, our results revealed that physical and
mental conditions can be estimated and predicted with reasonable accuracy by

using only a wearable device.
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Support Vector Machine | 89.3%  88.1% 88.1%
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