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Abstract. Previously, we demonstrated that simple, low-cost measurement of 
an individual’s mental health is possible using nonlinear analysis of pulse 
waves. Here we introduce a trial system that records and assesses the relation-
ship between mental health and lifestyle habits. Our goal was to develop a sys-
tem that allows individuals to decide which steps to take for recovery when 
they develop worrying mental health symptoms, by making comparisons to 
their past lifestyle habits. This system also allows records of multiple individu-
als to be entered into a database and analyzed. Such analysis should allow for 
the creation of indicators for general levels of mental health that may require 
intervention, as well as the creation of more concrete, practical advice to aid re-
covery when worrying symptoms appear. 

1 Introduction 

In chaotic datasets, attractor plots and ‘divergence’ of attractor trajectories are charac-
terized by Lyapunov exponents. Previously, we focused on the Lyapunov exponent of 
pulse waves in research targeting persons of various ages and in various situations [1-
4]. Our results showed that to maintain mental health, it is important that there is 
harmony with the appropriate functioning of the sympathetic nervous system, which 
is associated with qualities such as the ability to interact with the external environ-
ment and society, flexibility, spontaneity, and cooperation. We also learned that the 
values representative of such harmony were associated with the maximum Lyapunov 
exponent (MLE) obtained from nonlinear analysis [5, 6]. Essentially, in this research, 



the MLE, which signifies temporal fluctuations in the attractor trajectory, is defined 
as ‘divergence’, and while this value is continuously low, i.e., while there is no diver-
gence for a long period, adaptability to external factors in daily life decreases, and 
mental health cannot be maintained. Conversely, a value that is continuously high for 
a long period represents a continued state of extreme anxiety or stress, and again 
mental health cannot be maintained. For humans, a healthy state can be defined as 
one in which high and low divergence constantly alternate. Normal human life in-
cludes a wide range of emotions, and it is likely that this is exactly what causes 
changes in divergence. 
Using nonlinear analysis of pulse waves, an individual’s mental health can be meas-
ured in ~1 minute, i.e., the time it takes to perform a pulse-wave measurement, using 
a low-cost pulse-wave sensor. This offers the potential for mental health to be easily 
measured every day in the home or at work. 
We created a trial version of our system using an easy-to-use self-check system to 
regularly assess mental health at home or in the workplace, and to record these meas-
urements in combination with responses to questions on lifestyle habits. 
Mental health changes from day to day and hour to hour, and it is most important to 
monitor these fluctuations closely and intervene quickly when problematic symptoms 
emerge. To this end, we proposed a self-check system using a graph in which the 
degree of mental health over time is visualized as a constellation [7]. The system we 
developed was designed so that changes could be tracked on the Mental Stress Ana-
lytical System (MSAS) from four perspectives, using constellation graphs and ques-
tionnaire records linked to pulse-wave data. In addition, because the system is in-
tended for use by non-specialists, it was designed so that a new user can use it at a 
basic level, and then perform familiarization tasks direc*The preparation of manu-
scripts which are to be reproduced by photo-offset requires special care. Papers sub-
mitted in a technically unsuitable form will be returned for retyping, or canceled if the 
volume cannot otherwise be finished on time. 

2 System 

2.1 Overall Configuration 

Figure 1 shows the state to measure the pulse wave of the time series obtained for the 
touch of the pulse wave mouse. It measures it for 60 seconds. The gain of the wave 
height can be operated. It is displayed and it is possible to measure it again when the 
measurement is bad in the gap of the finger etc. 

Figure 2 shows the overall configuration of the trial MSAS. 
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Fig. 1. The state to measure pulse waves using the pulse wave mouse. 
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Fig. 2. Overall configuration of the MSAS. 

The configuration is explained below in terms of the data flow. 
1. When starting the MSAS, a questionnaire specification preloaded on the per-

sonal computer (PC) database is sent to the PC, and based on this specifica-
tion, users are asked questions about their individual attributes, and every 
time a pulse-wave measurement is taken, they are asked check-up questions. 
The answers are stored in the PC database. The questionnaire can be de-
signed for a sample population, such as the elderly or a specific company. 

2. Pulse-wave measurement data are stored in the PC database in advance, and 
pulse-wave measurements from a mouse with a pulse-wave sensor attached 
are sent to the PC. The PC calculates the Lyapunov exponent value indica-
tive of mental health from the pulse-wave data and, together with the pulse-
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wave measurement information, sends this to the database where both are 
stored. 

3. The check-up questions data stored on the internal PC database and the men-
tal health calculation obtained simultaneously are both displayed on the PC 
as constellation graphs showing time series data from three perspectives. Us-
ers can also combine and display data freely. Looking at this display, users 
can check for any worrying symptoms related to mental health and can plan 
their own recovery based on changes in data on past check-up questions. In 
addition, with this trial MSAS, the assessment of changes in mental health 
can be used to derive basic advice on self-recovery methods for the general 
population. 

4. Copies of the data in each database are sent to a research server database and 
stored. The research database will accumulate data sent from researchers all 
over the country, and analysis of these data should enable the creation of in-
dicators for the level of general mental health that may require intervention, 
as well as the creation of more specific, practical advice to aid recovery 
when worrying symptoms appear. 

Although the trial version uses the configuration described above, it can also be im-
plemented as a self-contained PC model without sending duplicate data to the re-
search database, or as an internet-based model that uses a server database directly, 
instead of a PC database. A mobile phone or specialist device could be used instead 
of a PC, and in anticipation of this, the software was written mainly in Java and de-
signed to be highly adaptable to cross-platform migration. 

2.2 Flow of The MSAS System Use  

Figure 3 shows the steps followed by a first-time system user. Since the NEXT button 
can be clicked to proceed when a process has finished, the design allows a first-time 
user to work through the screens simply by pressing NEXT. With increased familiar-
ity, the user can use short-cuts by selecting green items on the menu at the right of 
each screen to jump to a new screen directly. 

1. As indicated by the red lines in Figure 3, after starting the MSAS and enter-
ing the user ID and password, the check-up questions screen appears, and the 
user’s current physical condition or worries can be recorded. Then, the 
pulse-wave is measured. When a normal pulse-wave is not measured, such as 
when the finger moves, a request to repeat the measurement appears during 
the measurement process. 

2. This completes the most basic self-check, and the MSAS is normally termi-
nated by clicking the ‘x’ at the top right or the ‘Finish’ menu option on the right. 

For advanced users, we have provided convenient advanced features that allow users 
to edit information or to change the system parameters for different users by clicking 
on settings menus at the top right of each screen. In addition, using the ‘Status His-
tory’ menu, users can freely select up to seven data items from the record of past 
measurements and can create a constellation graph. This enables the users to perform 
self-checks and self-management from a unique perspective. The blue lines in Figure 
3 illustrate these steps. 
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Fig. 3. Overview of the MSAS system use from the user’s viewpoint, excluding research work-
flow. 

 
Fig. 4. Individual status screen. 

3 Concept 

Our objectives in creating the MSAS system are explained below. 
1. Our main priority was to enable people to decide for themselves what 

steps to take for a more definite self-recovery when worrying mental 
health symptoms arise, by referring to their lifestyle habits. If it is possi-
ble to ascertain what kind of day-to-day conditions bring about high and 
low divergence, mental health can be maintained. 

2. Another important point is that for research purposes, the records of mul-
tiple individuals can be entered into a database and analyzed. Such 
analysis should enable the creation of indicators for the level of mental 
health in general that may require intervention, as well as the creation of 
more specific, practical advice to aid recovery when worrying symptoms 
appear. 

3. It was important that people wishing to maintain their mental health from 
day to day could use the system easily, without the need for an instruc-
tion manual. 
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