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Fig. 2
Configuration diagram of screening system for fatigue and stress
, , 1101 11010 110
Cloud-side device ) } /
Data center / /
Analysis sysiem '
(fatigue analysis server / analysis engine)
Analysis Analysis report
Comment °
result ' <1 l(fatigue level
degision pdding unit (megsurement +—11014
unit result report)
DB retrieval and analysis}|] creation unit
result writing unit
7 R1
{ ! [ \ N
11011 11015 11012 11013
Network
- R1 | (Wireless/Wired)
Database (storage unit) 44021 Data file
transmission and
reception IF unit — 300
History care DB (measurement data
reception unit)
Autonamic |AutonomiclCompre-
nerve age [|nerve hensive
reference [|evaluationevaluation 1103
3 Electro-
cardiogram,
/ ] / / pulse wave
[ { [ [ _/\/_/\/ F1
11022 1102 11023 11024
2100 2104 2101 b 2103
Client-side device / | | (
Mobil?linfon?ation terminal / Data g
(such as a laptop) transmissiﬁ:n an?
Control unit Display unit reception IF uni
2102 —— (arithmetic (outpu¥ !(eyboaltd (measurement cata
processing unit unity | R1 || fnput unit) transmission unit )
Biological data reception IF Subject file.
2106 —unit (Bluetooth creation unit
communication unit) T F1
]
i ABlueTooth SIG )
! 2105

iElectrocardiogram,pulse Printer

Electrocardiogram and pulse wavefoutput unit
22011~ wave data transmission IF unit R1
(Bluetooth communication unit)

230

220—- Biological measuring instrument /
electracardiogram and pulse wave
measuring instrument




Patent Application Publication  Jul. 28,2016 Sheet 3 of 15 US 2016/0213296 A1

Fig. 3

Configuration diagram of electrocardiogram and pulse wave measuring instrument,
analysis server, printer, and client terminal
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Fig. 4
Normal electrocardiogram waveform and nommal vale
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Fig. 5

Calculation formula of pulse wave and Al

Pulse wave

Al = P2 (Reflected wave) / P1 (Ejected wave)

P1

Al value is considered to be an index of "load applied on heart" or "hardness of artery"
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Fig.6A
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Fig. 6B
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Processing diagram of cloud-side device
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Fig. 8
g (1) Autonomic nerve evaluation (sympathetic nerve / parasympathetic nerve 110232
evaluation) value DB (master) 11023

No Aftribute name Remarks
1 | Validity_Start date Term of validity of master
2 | Validity_End date
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Fig. 9
* Autonomic nerve age reference value DB (master) 11022 11 9222
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Fig.10

Comprehensive evaluation (master) 11024 11 9242

No Aftribute name Remarks
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Fig.11
dsoyeasos 110231 110232
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Fig.12

View of report example of fatigue level measurement result
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Fig.13
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SCREENING SYSTEM FOR FATIGUE AND
STRESS

TECHNICAL FIELD

[0001] The present invention relates to a screening system
for fatigue and stress.

[0002] More specifically, the present invention relates to a
fatigue screening system capable of automatically measuring
and analyzing a biological data (electrocardiogram and pulse
wave) of a subject, and enabling the subject himself/herself to
easily comprehend his'her own fatigue and stress from the
analysis result, and receive evaluation corresponding to the
fatigue and stress.

BACKGROUND ART

[0003] Japanese Patent Application Laid-Open Publication
No. 2010-234000 (Patent Literature 1) and No. 2001-204714
(Patent Literature 2) are examples of the background art of the
present field of art.

[0004] Patent Literature 1 teaches a mental stress evalua-
tionunitincluding “a biological information measuring part 5
measuring the cardiac cycle and respiratory cycle of the sub-
ject, an average cycle analysis part 9 obtaining an average
cardiac cycle and an average respiratory cycle from the car-
diac cycle and respiratory cycle measured in the biological
information measuring part 5, a cardiac variability analysis
part 10 computing cardiac cycle intervals RR (n) and RR
(n+k) at the n—th beat and (n+k)th beat to an optional variable
n (n is an integer) and an optional constant k (k>=1) of the
cardiac cycle, and inputting them as coordinate points to
two-dimensional coordinate axes, and a mental stress evalu-
ation part 11 having a respiratory cycle variability correcting
part 12 computing a ratio r of the average respiratory cycle to
the average cardiac cycle to make a correction of k=r, and
applying quantitative processing to a set of coordinate points
after making a correction to acquire a quantitative value on
the biological information of the subject and to evaluate it as
a stress”, to thereby “analyze a combination of cardiac vari-
ability and respiratory information” (refer to abstract).
[0005] Further, Patent Literature 2 discloses a metal stress
judging device including “a means for obtaining the heartbeat
equivalent signal and the respiratory vibration equivalent sig-
nal of an examinee, a first conversion means for performing
time/frequency conversion to time-axial heartbeat interval
data of the heartbeat equivalent signal, a data specifying
means for specifying only datain a frequency band equal to or
lower than a prescribed frequency among the pieces of data
converted by this first conversion means, a second conversion
means for converting frequency/time to data specified by this
data specifying means, a movement averaging means for
performing movement averaging processing to the time-axis
heartbeat interval data converted by this second conversion
means based on the respiratory vibration equivalent signal,
and a stress analytic means for analyzing stress based on the
heartbeat interval data movement-averaged by this movement
averaging means”, to thereby “provide a mental stress judg-
ing device capable of reducing errors based on the sudden
change of a heart rate” (refer to abstract).

CITATION LIST

Patent Literature

[0006] [PTL 1] Japanese Patent Application Laid-Open
Publication No. 2010-234000

Jul. 28, 2016

[0007] [PTL 2] Japanese Patent Application Laid-Open
Publication No. 2001-204714
SUMMARY OF INVENTION
Technical Problem

[0008] PTL1 teaches an arrangement of a mental stress
evaluation unit by analyzing a combination of cardiac vari-
ability and respiratory information.

[0009] Further, PTL2 teaches an arrangement of a mental
stress judging device capable of reducing errors based on the
sudden change of heart rate.

[0010] However, the mental stress evaluation unit taught in
PTL1 and the mental stress judging device taught in PTL.2 are
special devices, and there are no considerations on enabling
an ordinary subject to measure stress objectively anytime and
anywhere, and to enable the subject to comprehend stress in a
visualized manner using a portable general-purpose mobile
information terminal.

[0011] Conventionally, depression and other mental dis-
eases are generally decided in a subjective manner through
medical examination by interview or meeting with a doctor,
an industrial physician, a public health nurse and the like. It
was not easy for mental patients to take such examination,
especially for those caring the public eye, and another draw-
back was that time was required for diagnosis, including the
wait for examination.

[0012] Therefore, the present invention provides a screen-
ing system for fatigue and stress enabling the current fatigue
and stress state to be comprehended anytime and anywhere by
anyone without having to prepare a special device, and pro-
viding information helpful to take proper remedial measures.
[0013] For example, the invention provides a screeming
system for fatigue and stress that measures an electrocardio-
gram and a pulse wave at the same time, measures a state of
autononiic nerve based on the electrocardiogram and pulse
wave data, and numerically converting the degree of fatigue
and stress tendency to enable uniform management of fatigue
and analysis result data.

[0014] In further detail, the invention provides a screering
system for fatigue and stress realizing a fatigue and stress
screening cloud system capable of creating and outputting a
fatigue level measurement result report including an auto-
nomic nerve evaluation information corresponding to the
fatigue and analysis result data.

[0015] Furthermore, the invention provides a screening
system for fatigue and stress diagnosing fatigue and stress
comprehensively based on strength and balance of the auto-
nomic nerve, to enable output of evaluation according to the
state of fatigue and stress of the subject, and to enable non-
professionals who are not medical professionals to easily
comprehend remedial measures by referring to detailed com-
ments.

Solution to Problem

[0016] Inorder to solve the above-mentioned problems, the
present invention includes a unit measuring a strength and
balance of autonomic nerve, and deciding an autonomic
nerve function based on the measurement result

[0017] For example, a screening system for fatigue and
stress according to the present invention includes, upon diag-
nosing fatigue and stress, a storage unit storing a reference
value of each age as master data, a decision unit for compar-
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ing the measurement data obtained by measuring the electro-
cardiogram and pulse waves of the subject with the reference
value, and outputting a decision result being categorized into
a plurality of classifications, and a computing unit computing
the autonomic nerve function age based on the received deci-
sion result,
[0018] the decision unit includes
[0019] an autonomic nerve decision unit deciding a
strength of the autonomic nerve, and an autonomic nerve
balance decision unit for deciding a balance of the autonomic
nerve,
[0020] the autonomic nerve balance decision unit includes
[0021] an autonomic nerve function decision unit compar-
ing the measurement data with a reference value showing a
strength of the autonomic nerve stored in the storage unit, or
a sympathetic nerve/parasympathetic nerve (LF/HF) balance
reference value, deciding a plurality of autonomic nerve func-
tion age ranks N (such as three classifications: smaller than a
low value, a high value or higher, and other standard values)
or a plurality of sympathetic nerve/parasympathetic nerve
(LF/HF) rank M (such as four classifications: low value,
reference, high value and extremely high), and providing the
decided balance state in a comment, and an autonomic nerve
function comprehensive decision unit for providing advice
respectively corresponding to the plurality of classifications
(NxM=12) of the decision reference values based on the
plurality of autonomic nerve function age ranks and the plu-
rality of sympathetic nerve/parasympathetic nerve ranks, and
[0022] providing an advice regarding the plurality of
decision reference values other than “warning”, “cau-
tion” and “normal”, by comparing the decision result of
the autonomic nerve function comprehensive decision
unit with the decision reference value.

Advantageous Effects of Invention

[0023] Since the present invention constructs the screening
system for fatigue and stress by a client-side mobile informa-
tion terminal, a biological measuring instrument, and a cloud-
side fatigue analysis server, the client-side subject should
simply prepare a known mobile electrocardiogram and pulse
wave measuring instrument and mobile information terminal,
to enable anyone to comprehend a fatigue level measurement
result, such as the degree of stress, by a numerical value
anytime and anywhere in a short time. As a result, the subject
himself/herself can easily be notified of the level of depres-
sion or other mental diseases and the remedial measures
thereof, without having to be present in a medical examina-
tion with a medical professional, and without having to worry
about the public eye, so that the system can be used conve-
niently, and can be adopted, for example, as measures for
health management of employees in a company (reducing the
number of long-term absentee) or health enhancement (pre-
vention of diseases caused by fatigue and stress) of residents
in a municipality.

[0024] Further, upon diagnosing fatigne and stress, an
advice is provided corresponding to the decision result con-
sidering the strength and balance of the autonomic nerve, so
that even those having no special knowledge can easily pre-
cisely comprehend the current state and remedial measures.

[0025] Furthermore, since advice corresponding to each
decision reference of a plurality of classifications (3x3=12)
stored in a storage unit is provided based on a plurality of
autonomic nerve function age ranks and a plurality of sym-
pathetic nerve/parasympathetic nerve ranks, the subject him-
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self/herself can decide remedial measures correctly without
receiving direct instructions from a medical professional.
[0026] Problems, configurations and effects other than
those described above will become apparent from the follow-
ing description of embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0027] FIG. 1 is a configuration diagram illustrating an
outline of a fatigue and stress system according to the present
invention.

[0028] FIG. 2 is a configuration diagram of the fatigue and
stress system according to the present invention.

[0029] FIG. 3 is a block diagram illustrating respective
configurations of an electrocardiogram and pulse wave mea-
suring instrument, a mobile information terminal, and a
fatigue analysis server.

[0030] FIG. 41is a view of a normal electrocardiogram, and
a normal value thereof.

[0031] FIG. 5is a view of a pulse wave and a calculation
formula (P2/P1) of AL

[0032] FIG. 6A is a view of a display screen example of a
display unit of a mobile information terminal.

[0033] FIG. 6B is a view of the display screen example of
the display unit of the mobile information terminal.

[0034] FIG. 6C is a view of the display screen example of
the display unit of the mobile information terminal.

[0035] FIG. 7 is a view illustrating an example of cloud-
side processing.
[0036] FIG. 8isa view illustrating a content of information

of an autonomic nerve evaluation (sympathetic nerve/para-
sympathetic nerve evaluation) value DB (master).

[0037] FIG. 9 is a view of a content of information of an
autonomic nerve age reference value DB (master).

[0038] FIG. 10 is a view illustrating a content of informa-
tion of a comprehensive evaluation DB (master).

[0039] FIG. 11 is a view illustrating a content of informa-
tion of a history care DB.

[0040] FIG. 12 is a view of a report example of a fatigue
level measurement report.

[0041] FIG. 13 is a flowchart showing a client-side and
cloud-side sequence of the fatigue and stress system of the
present invention, and respective processing steps of the elec-
trocardiogram and pulse wave measuring instrument, the
mobile information terminal, and the data center (including
the fatigue analysis server).

DESCRIPTION OF EMBODIMENTS

[0042] Now, a preferred embodiment of the present inven-
tion will be described with reference to the drawings. At first,
we will describe a technical background related to the system
of the present invention.
[0043] An autonomic nerve is a nerve that coordinates the
functions of the body unrelated to his/her will, that includes a
sympathetic nerve (dominant when he/she is active, under
stress or nervous) and a parasympathetic nerve (dominant
when he/she is resting, sleeping or relaxing).
[0044] Fatigue is generally triggered by the following five
types of stresses.
[0045] (1) Mental stress caused by human relations and
work
[0046]
[0047]
noise

(2) Somatic stress such as excessive labor
(3) Physical stress such as ultraviolet radiation and
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[0048] (4) Chemical stress caused by chemical substances
and residual pesticide

[0049] (5) Biological stress such as virus and bacterial
infection
[0050] These five types of stresses are entangled compre-

hensively, causing disorder of the balance between nervous

system, immune system and endocrine system of the body,

and causes fatigue.

[0051] The following tips are known as “self-care for pre-

venting accumulation of fatigue”.

[0052] (A)Doing stretches before sleeping: It is effective to
do stretches at nighttime when one wishes to relax and
cause the parasympathetic nerve to be dominant, and it is
also important to create a mentally and physically relaxing
mood, such as by infusing aroma oil.

[0053] (B) Stop turning the bedroom into a living room:
Stop watching TV, playing games or reading books in the
bedroom, and acquire sound sleep by being aware that one
should “sleep while in the bedroom”.

[0054] (C) Have worthwhileness of life: One would feel
dull by spending every day life only doing work or duty, so
that it is important to have hobbies that one enjoys to do on
weekends, even small things such as gardening and going
for a walk.

[0055] (D) Laugh: Laughing activates natural killer cells
that repel viruses, and makes the body stronger against
stress. One should bear in mind to always bring laughter
into life, such as by watching comedy shows and rakugo
(traditional Japanese comic storytelling).

[0056] (E) Lead a well-regulated life: The brain functions
by the close interconnection of the immune system, the
nervous system and the endocrine system. It is important to
lead a well-regulated life to regulate the functions of the
brain.

[0057] (F)Take ahotshower or do some exercise to start the
morning: One feeling chronic fatigue tends to have a dis-
ordered autonomic nerve function. Taking a hot shower or
doing some exercise after getting out of bed activates the
sympathetic nerve instantaneously.

[0058] (G) Do unpleasant things in the morning, and do
pleasant things after three o’clock: One should deal with
unpleasant things in the morning, since doing unpleasant
things in the afternoon may affect one’s sleep.

[0059] (H)Take a warm bath at night and relax: Good sleep
is the key to recovering from fatigue. Tension can be eased
by improving the functions of the parasympathetic nerve,
by taking a warm bath with a bath temperature of 38 to 40°
C. or a footbath at night.

[0060] Further, fatigue and stress is known to interact and
affect each other. Continuously receiving influence of fatigue
and stress may lead to deterioration of activity, such as low-
ering of motivation, or in more serious situations, may cause
physical complaints such as anorexia, or mental diseases such
as depression.

[0061] Hitherto, a method for diagnosing fatigue and stress

was generally based on self-evaluation using medical inter-

view sheets or taking medial examination through interview
or observation, and the diagnosis was mainly performed sub-
jectively by the subject or by the interviewee.

[0062] However, the method for performing diagnosis and

evaluation through interview has a drawback that the results

may be biased by the evaluation of the subject himself/her-
self, thatis, by the dispersion of interpretation of the questions
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on the medical interview sheet or by the difference between
intentional answers and actual conditions that the subject is
not aware of.

[0063] The drawback of evaluation by interview is that the
results may be biased by the lack of skill of the interviewee,
by whether there is a trusting relationship between the inter-
viewee and object, or by the expectations to the interviewee.
[0064] Inorderto correct the above-mentioned problems of
the conventional method for diagnosing fatigue and fatigue
and stress, the present applicant has developed a system for
screening fatigue and stress without depending on medical
examination through interviews.

[0065] Now, the outline of such screening system for
fatigue and stress will be described.

[0066] A screening system for fatigue and stress is a system
for collecting electrocardiogram and pulse wave data using a
biosensor, analyzing heart rate variability based on the data to
measure an autonomic nerve condition, and comparing a
strength and balance of autonomic nerve based on the mea-
sured data with a reference, to thereby numerically convert a
degree of fatigue and stress tendency.

[0067] In further detail, at first, a user logs into a cloud
environment from a dedicated terminal at a measurement site
and the like, starts a measurement control program, and mea-
sures an electrocardiogram and pulse wave using a biosensor.
Therefore, the system measures disorder of autonomic nerve
balance.

[0068] A “high accuracy autonomic nerve measuring
instrument” developed by Fatigue Science Laboratory Inc.
can be used as an example of the biosensor.

[0069] The biosensor can measure the electrocardiogram
and the pulse wave at the same time, so that measurement can
be performed without being influenced by the subject prop-
erty, for example, regardless of the difficulty of measuring
pulse waves.

[0070] Forexample, the sensor of the measuring instrument
may not be able to obtain pulse waves from a subject sensitive
to cold, having poor circulation, or having a thick finger skin,
but the electrocardiogram can be used to calculate an accel-
eration pulse wave and perform compensation.

[0071] The measurement can be performed in a short
period of time, such as approximately 150 seconds, by press-
ing both index fingers onto a sensor.

[0072] The electrocardiogram and pulse wave data trans-
mitted from the biosensor is received by the dedicated termi-
nal.

[0073] The dedicated terminal transmits the received elec-
trocardiogram and pulse wave data in an encrypted state to a
cloud-side data center.

[0074] In the data center, the server decrypts the encrypted
electrocardiogram and pulse wave data, refers to the data
being the criteria of decision, analyzes the electrocardiogram
and pulse wave data, and registers the analyzed result to a
database.

[0075] The data used as decision criteria should use highly
reliable criteria, such as by setting age group-based criteria
based on a large number of subject data measured for example
at medical checkup centers, and verifying the data with other
fatigue and stress biomarkers at research institutions.

[0076] A report is created based on the analyzed result
having been analyzed by a server within the data center.
[0077] The dedicated terminal is logging into the cloud
server, so that it outputs (displays or prints) the analyzed
result report in the cloud server.
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[0078] Thecommunication between the dedicated terminal
and the data center is performed, for example, via encrypted
communication, and by saving and managing health informa-
tion at the secure and environment-friendly cloud-side data
center, it is possible to prevent information leakage caused by
intrusion of a third party.

[0079] No data such as subject data and measurement
results is saved in the dedicated terminal used at the measure-
ment site and the like, so that health information (personal
information) will not be leaked even if the dedicated terminal
is stolen or lost.

[0080] The above arrangement enables to retain secret
health information of the measurer reliably and safely at the
cloud side.

[0081] Furthermore, the health information stored in the
cloud-side data center is stored and managed in a centralized
manner, and the accumulated data can be utilized for many
purposes, such as analysis of data for each individual or for
each group.

[0082] Further, the measured result is output as a result
report so that it can be conveyed in an intelligible manner.
[0083] The report includes, from top to bottom, a basic
information and measured information area, an autonomic
nerve function age area, a heart rate variability area, a sym-
pathetic/parasympathetic nerve area, and an autonomic nerve
evaluation area.

[0084] The basic information and measured information
area displays information related to basic information regard-
ing the measurer (such as name, sexuality and age), and
measurement information (such as measurement date and
measurement time).

[0085] The autonomic nerve function age area displays the
result of comparison of the autonomic nerve function age at
the time of measurement and the age of the measurer in a
graph showing the degree of fatigue.

[0086] Inthe graph, a vertical axis represents an autonomic
nerve function (CCVTP), and a horizontal axis represents
age.

[0087] The autonomic nerve function represents the
strength of the autonomic nerve (sympathetic nerve and para-
sympathetic nerve), and a green line b indicates an age aver-
age that declines with age. A face mark represents, as a
function age, which age average the strength of the autonomic
nerve according to the current measurement value corre-
sponds to. As the mark moves upward, it shows higher auto-
nomic nerve functions, and tendency of fatigue and the like
causes the mark to move downward. A red line ¢ represents a
low value of the reference value of that age. It can be used as
an index indicating that the function is deteriorated if the
value falls below the red line. A blue line a represents a high
value of the reference value of that age. If the value is higher
than the blue line, measurement noise is suspected, so that
measurement must be performed again. If the re-measured
value is the same result, the value is considered correct, and it
can be determined that the autonomic nerve function is
extremely high.

[0088] The heart rate variability area displays an average
heart rate during measurement and heart rate variability (vari-
ability of heart beat intervals) condition (fluctuation of heart
rate variability). The part where the waveform drops to the
bottom represents measurement failure (data deficiency).
[0089] The sympathetic/parasympathetic nerve area dis-
plays the balance between sympathetic nerve and parasym-
pathetic nerve by graphs and numerical values.
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[0090] The autonomic nerve is composed of the sympa-
thetic nerve and the parasympathetic nerve, and the balance
between these nerves is illustrated in this area. The face mark
displayed toward the right indicates that the sympathetic
nerve is dominant (that the subject is nervous or under stress),
and the face mark displayed toward the left indicates that the
parasympathetic nerve is dominant (that the subject is
relaxed). As for the sympathetic nerve and the parasympa-
thetic nerve, it is an ideal state to have the sympathetic nerve
dominant during an active period and the parasympathetic
nerve dominant during a resting period.

[0091] The autonomic nerve evaluation area displays the
autonomic nerve state comprehensively in a three-grade
evaluation, and displays the current state and an advice on
how to realize a better state.

[0092] The result of decision of the state of the autonomic
nerve at the time of measurement based on a comprehensive
evaluation of function (strength) and balance is displayed,
and the description on the autonomic nerve state at the time of
measurement and an advice for improving the autonomic
nerve function (strength) and balance are displayed.

[0093] According to the above-described screening system
for fatigue and stress, it becomes possible to find a high-risk
subject at an early stage and to cope with the subject, by
analyzing periodic individual data through sampling during
health checkups. It becomes possible to find a high-risk sub-
jectat an early stage and to cope with the subject, by analyz-
ing periodic individual data through sampling during health
checkups.

[0094] Thenumerical value datarelated to autonomic nerve
and the numerical value data of the degree of fatigue and
stress tendency registered in the database can be used to
evaluate the effects and efficacy of products and services as
numerical value.

[0095] Numerically converting the fatigue level and stress
tendency and comparing the same with reference values
enables to eliminate bias, and the management of history of
numerical value data enables to comprehend the tendency of
the state of fatigue and stress. By using the system together
with medical examination through interview, screening hav-
ing a higher accuracy is made possible.

[0096] Further, numerically converting the degree of
fatigue and stress tendency based on the autonomic nerve
enables easier understanding even for non-health profession-
als.

[0097] However, analyzing is performed based on only
instantaneous measurement, that is, electrocardiogram and
pulse waves measured for only approximately 150 seconds
within a day, and depending on the measurement condition,
that is, depending on the measurement timing, erroneous
screening result may be derived. In other words, the system
was not exactly an appropriate screening method, and had
some drawbacks from the viewpoint of providing accurate
screening. Some results may cause unnecessary worries and
anxiety of the subject.

[0098] In other words, there was no consideration on pro-
viding decision and care corresponding to everyday life.
[0099] The present invention provides a system of saving
reference value based on subject measurement data acquired
by a life-log (active mass analysis) system measuring the
active mass for a whole day (time-series information ofa day,
such as in the morning, at noon, at night, before meals, after
meals, before exercise, after exercise, and so on) as master,
referring to the reference value when deciding the screening
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decision of fatigue and stress based on the subject measure-
ment data, and deciding the result comprehensively, so that a
report information for enabling the subject to perform care
corresponding to lifestyle can be provided, and a system
capable of effectively utilizing the present system can be
provided.

Embodiment 1

[0100] The present embodiment illustrates an example of a
system using a portable biosensor to objectively decide the
fatigue state on the spot, and outputting the result as report
using a mobile information terminal (also referred to as client
terminal).

[0101] FIG.11is a view of an outline of a screening system
for fatigue and stress.

[0102] In the drawing, a screening system for fatigue and
stress includes a cloud-side device 10, a client-side device 20,
and a (wired/wireless) network 30.

[0103] The cloud-side device 10 includes a data center 110
having a database (DB). The data center 110 of the cloud-side
device 10 includes a control and analysis program (not
shown) having a function for controlling biological data mea-
surement and analysis, and also performing retrieval process-
ing of measurement data. It has a function to receive mea-
sured data transmitted from the client-side device 20, analyze
the data, create an analysis result report based on the analyzed
result, and transmit the result to a mobile information termi-
nal 210 at the client-side device 20.

[0104] Now, the use of the data center 110 realizes a secure
image security, and the user does not have to worry about
maintenance and operation of the server for analyzing mea-
surement data. The group of programs such as the control and
analysis program and database (DB) are stored in the server.
The client can log into the virtual environment, and use the
programs in the server.

[0105] The control and analysis program can be a program
for controlling the measurement processing, a program for
analyzing the information of the biological measuring instru-
ment, a program performing retrieval processing of the mea-
surement history, and a program for generating a report of the
result of fatigue level measurement, and these programs are
stored in the database.

[0106] The client-side device 20 includes a mobile infor-
mation terminal 210, a biological measuring instrument (bio-
sensor) 220, a printer device (output device) 230, and so on.
The mobile information terminal 210 of the client-side device
20 sends and receives data between the biological measuring
instrument 220 and the cloud-side device 10.

[0107] In other words, it receives the measurement data of
the subject measured by the biological measuring instrument
220, performs determined processes, and transmits the data
together with basic information of the subject to the data
center 110 side.

[0108] Further, it has a function to receive an analysis result
report (described later) R1 transmitted from the cloud-side
device 10, and print and output the report using a printer 230
as the output device.

[0109] Itis desirable to consider portability and to perform
wireless communication (4G circuit: LTE being the standard)
between the cloud-side and the client-side. However, when an
intracompany network is used within a company, wired net-
work can be used.

[0110] The analysis result report includes “basic informa-
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tion”, “autonomic nerve function age”, “heart rate variabil-
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ity”, “sympathetic/parasympathetic nerve”, and “autonomic
nerve evaluation”. The detailed contents of the report will be
described later.

[0111] The biological measuring instrument 220 has a
function to measure electrocardiogram and pulse wave at the
same time, and transmit the result to the mobile information
terminal 210.

[0112] The printer 230 is used to print out the report, and it
should preferably be a color printer, since “warning”, “cau-
tion” and “normal” are shown in the printed report by “red”,
“yellow” and “blue” face marks, for example.

[0113] The screening system for fatigue and stress per-
forms communication with the biological measuring instru-
ment, and the server should have as much function as pos-
sible, other than the function for transmitting biological data
to the cloud-side server, and various data should also be
integrally managed at the server side. Thereby, a configura-
tion considering extensibility and security is realized. Here-
after, an example of the configuration will be described.
[0114] FIG. 2 is a configuration diagram of the screening
system for fatigue and stress according to the present inven-
tion.

[0115] In the drawing, the data center 110 includes an
analysis system. The analysis system includes a fatigue
analysis server 1101, a database (storage unit) 1102, a data
file transmission and reception IF unit 1103, and so on.
[0116] The fatigue analysis server 1101 includes an analy-
sis engine 11010 that operates based on a control and analysis
program not shown.

[0117] The analysis engine 11010 includes a biological
data analysis unit 11011, a DB retrieval and analysis result
writing unit 11012, a comment adding unit 11013, an analysis
report (fatigue level measurement result report) creation unit
11014, an analysis result decision unit 11015, and so on.
[0118] The biological data analysis unit 11011 has a func-
tion to receive and analyze the electrocardiogram and pulse
wave data transmitted from the mobile information terminal
210 of the client-side device, and output CCVTP, LH and HF
as fatigue level decision values. The detailed configuration
and functions are described with reference to FIG. 3.

[0119] The DB retrieval and analysis result writing unit
11012 has a function to search the database 1102, extract
necessary information, and store the analysis result in the
database 1102.

[0120] The analysis result decision unit 11015 has a func-
tion to decide the analysis result by the biological data analy-
sis unit 11011. The details will be described later.

[0121] The analysis report (fatigue level measurement
result report) creation unit 11014 creates a report including
the analysis result, evaluation and comments, and uses the
report as a fatigue level measurement result report R1.
[0122] The comment adding unit 11013 has a function to
add the analysis report R1 to the evaluation and comments
(stored in the database 1102) according to the result of deci-
sion of the analysis result decision unit 11015 deciding the
analysis result by the biological data analysis unit 11011.
[0123] The database (storage unit) 1102 has a history care
DB 11021. Further, the database includes a master DB used
for deciding the measurement result, in other words, an auto-
nomic nerve age reference value DB 11022, an autonomic
nerve (sympathetic nerve/parasympathetic nerve) evaluation
value DB 11023, a comprehensive evaluation DB 11024, and
S0 on.
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[0124] The history care DB 11021 includes subject infor-
mation (basic information) and stores the analysis result hav-
ing analyzed the biological data and the result of decision as
history care information.

[0125] The autonomic nerve age reference value (master)
DB 11022 stores an “autonomic nerve function analysis age
reference value” (average value per age: such as low value,
reference value, and high value of each age) used for deciding
the measurement result.

[0126] The autonomic nerve (sympathetic nerve/parasym-
pathetic nerve) evaluation value DB 11023 stores the “sym-
pathetic/parasympathetic nerve reference value” (evaluation:
comment of state for each of the four classifications, and
standard values (low value, reference value, and high value)
of each of the four classifications) used for deciding the
measurement result.

[0127] The comprehensive evaluation DB 11024 stores a
“comprehensive evaluation reference value” used for decid-
ing the measurement result.

[0128] The details of the detailed information of each DB
will be described later.

[0129] The data transmission and reception IF unit (fatigue
level measurement result report and subject information
transmission and reception unit) 1103 monitors biological
information from the client. The unit has a function to receive
subject information F1 of the mobile information terminal
210 of the cloud-side device 10, and transmit the fatigue level
measurement result report to the mobile information terminal
210 of the client-side device 20. The subject information F1
and the fatigue level measurement result report R1 should be
transmitted and received in file formats.

[0130] The mobile information terminal 210 can be, for
example, a laptop. In the present embodiment, it is illustrated
as a dedicated terminal having a file creating function for each
subject (user/client).

[0131] The mobile information terminal 210 includes a
keyboard (input unit) 2101, a control unit (arithmetic process-
ing unit) 2102, a data transmission and reception IF unit 2103
(subject information and fatigue level measurement result
report transmission and reception unit), a display unit (output
unit) 2104, a subject file creation unit 2105, a biological data
reception IF unit (Bluetooth (Registered Trademark) commu-
nication unit) 2106, and so on. Communication by the bio-
logical data reception IF unit 2106 utilizes a well-known
Bluetooth.

[0132] The keyboard (input unit) 2101 is used for entering
the basic information and measurement information of the
subject (measurer/client) guided by various items on a subject
information input screen (refer to FIG. 6) based on subject
information entries on a display controlled by the control unit
2102.

[0133] The control unit (arithmetic processing unit) 2102
has a function to control the various units. For example, it logs
into the server in a virtual environment from the client side to
the cloud side, and activates a measurement processing pro-
gram on the cloud side. Then, based on the program, it per-
forms measurement guidance on the display unit 2104 of the
biological measuring instrument 220, and controls the pro-
cessing of measurement data in the biological measuring
instrument 220. That is, signup of a subject, measurement
location and measurement time are registered according to a
guidance display on the display unit 2104, and control is
performed to process measurement data of the biological
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measuring instrument 220. Further, control is performed to
retrieve past measurement results.

[0134] Thedatatransmission and reception IF unit (subject
information and fatigue level measurement result report
transmission and reception unit) 2103 has a function to trans-
mit the subject information F1 to the fatigue analysis server
1101 side, and receive the fatigue level measurement result
report R1 transmitted from the fatigue analysis server 1101.
[0135] Thedisplay unit (output unit) 2104 has a function to
display a guidance to prompt the entry of subject information,
and display the entered basic information of the subject, the
measurement data of the biological measuring instrument
220 (electrocardiogram and pulse wave), the fatigue level
measurement result report R1, and so on.

[0136] Upon receiving the basic information entered
through a keyboard 2101, the subject file creation unit 2105
has a function to create a desired subject file (CSV file) F1 as
subject information based on a file creation application (not
shown).

[0137] The biological measuring instrument 220 is com-
posed of a electrocardiogram and pulse wave measuring
instrument, and has a transmission IF unit (Bluetooth com-
munication unit) 2201 for measuring electrocardiogram and
pulse wave data at the same time, and transmitting and receiv-
ing data with a cloud side.

[0138] The electrocardiogram and pulse wave data trans-
mission IF unit 2201 uses Bluetooth for communication.
[0139] A printer (output unit) 230 is for printing the fatigue
level measurement result report R1. The subject can visually
comprehend the result of fatigue level measurement based on
the print printed by the printer 230 or the display on the
display unit (output unit) 2104. The report should be printed
in color, so astorepresent “warning”, “caution” and “normal”
using different colors, such as “red”, “yellow” and “blue”
face marks.

[0140] A network 300 is for transmitting and receiving
information between the data center 110 and the mobile infor-
mation terminal 210, and it can either be wireless or wired,
whereas the present embodiment utilizes a wireless 4G (LTE)
network.

[0141] FIG. 3 is a configuration diagram illustrating an
example of an electrocardiogram and pulse wave measuring
instrument, an analysis server, a printer, and a client terminal.
[0142] Inthe drawing, the biological measuring instrument
220 is composed of a known electrocardiogram and pulse
wave measuring instrument, and includes an electrocardio-
gram and pulse wave measuring instrument body (biosensor)
2201. Electrocardiogram and pulse measurement electrodes
2202 and 2203 on which the subject contacts his/her finger
tips are provided on both ends of the electrocardiogram and
pulse wave measuring instrument body (biosensor) 2201.
[0143] An electrocardiogram measurement unit 2204 for
measuring the electrocardiogram and a pulse wave measure-
ment unit 2205 for measuring the pulse wave using current
flown from finger to finger in contact with the electrodes 2202
and 2203 are provided within the electrocardiogram and
pulse wave measuring instrument body (biosensor) 2201.
[0144] Electrocardiogram waves and pulse waves are mea-
sured simultaneously using the electrocardiogram and pulse
wave measuring instrument body (biosensor) 2201. the mea-
surement time can be, for example, one minute at minimum,
and the measured value is transmitted to the mobile informa-
tion terminal 210 in real time.
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[0145] The fatigue analysis server 1101 includes the analy-
sis engine 11010 and the DB retrieval and analysis result
writing unit 11012. The analysis engine 11010 includes an
electrocardiogram analysis unit 110101, a heart rate analysis
unit 110102, a pulse wave analysis unit 110103, an autonomic
nerve function analysis unit 110104, and so on.

[0146] The electrocardiogram analysis unit 110101 ana-
lyzes the electrocardiogram (refer to FIG. 4) of the subject,
the pulse wave analysis unit 110103 analyzes the pulse wave
(FIG. 5), and the heart rate analysis unit 110102 analyzes the
heart rate variability (differences of cardiac cycle) based on
the electrocardiogram and pulse waves.

[0147] That is, the electrocardiogram analysis unit 110101
analyzes the waveform including P wave, R wave, T wave,
QRS wave and the like as measured electrocardiogram data.
[0148] Based on the analysis, if the waveform of the elec-
trocardiogram data does not have a P wave, or the R wave
does not have equal intervals, it can be comprehended that a
left ventricular hypertrophy is suspected if there is an irregu-
lar pulse R wave, that a myocardinal ischemia or angina
attack is suspected if the ST portion is dropped horizontally,
or that a high potassium crystal or myocardinal infarction is
suspected if the T wave is pointed, for example.

[0149] Further, the pulse wave analysis unit 110103 ana-
lyzes an “Al value” calculated by a ratio of “ejected wave P17
that occurs by the heart being contracted to send blood
throughout the whole body and “reflected wave P2” that
occurs by the ejected wave being reflected on peripheral
artery and artery branches when flowing throughout the
whole body (“P2/P1”).

[0150] The autonomic nerve function analysis unit 110104
measures the state of the autonomic nerve from the electro-
cardiogram and pulse waves, and analyzes fatigue and stress.
That is, the autonomic nerve function analysis unit 110104
analyzes the balance and strength of autonomic nerves that
cannot be controlled by one’s will based on the electrocar-
diogram and pulse waves, analyzes the heart rate variability
based on the autonomic nerve, and performs analysis to com-
prehend the state of stress based on these analysis results in
numerical values.

[0151] The autonomic nerve includes a sympathetic nerve
that is dominant when he/she is exercising to bring the body
to an excited state, during which adrenaline and noradrena-
line are active, and a parasympathetic nerve that is dominant
when the body is relaxing, such as during meals or sleeping,
during which acetylcholine are active.

[0152] Therefore, it is possible to analyze the strength of
functions and balance of the sympathetic nerve and the para-
sympathetic nerve.

[0153] The state of the autonomic nerve is obtained from
the heart rate variability (short or long). The degree of fatigue
analyzes the strength of the autonomic nerve, and performs
analysis by comparing the strength of the autonomic nerve
with a reference (reference value of the evaluation reference
DB). The stress tendency is analyzed and decided by analyz-
ing the state of balance of the autonomic nerve (sympathetic
nerve and parasympathetic nerve), compares the balance of
the autonomic nerve with a reference (various information
including the sympathetic nerve/parasympathetic nerve
evaluation value DB, the autonomic nerve age reference value
DB, and comprehensive evaluation DB).

[0154] The heart rate analysis unit 110102 analyzes the
heart rate variability. The heart rate variability measures the
variability of each heart beat as an index of tension of the
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autonomic nerve of the heart. The heart rate variability is
reduced by age, and especially in aged people, deformation of
the cardiovascular system is accelerated. Then, the unit evalu-
ates all heart rate variability evaluation, and analyzes a power
spectrum of frequency component of cardiac cycle variabil-
ity.

[0155] Itis well known that the autonomic nerve function is
varied by mental stress and the like, but by using heart rate
variability, such as when mental stress is applied, high fre-
quency component (HF component: 0.20 to 0.35 Hz/reflect-
ing change of respiration) is suppressed and intermediate
frequency component (LF component: 0.05 to 0.20 Hz)/re-
flection of pressure receptor system) is increased.

[0156] Therefore, it is possible to use the heart rate vari-
ability and indicate the current state, the change, the evalua-
tion and remedial advice on the autonomic nerve function in
an objectively visible manner.

[0157] The DB retrieval and analysis result writing unit
11012 has a function to receive the analysis result of the
respective analysis units, retrieve the master DBs 11022,
11023 and 11024 of the database 1102, and extract necessary
information. Further, it has a function to write the analysis
result and the decision result to the history care DB 11021 of
the database 1102.

[0158] An analysis report creation unit 11014 has a func-
tion to create an analysis report (refer to FIG. 12) including
information such as the autonomic nerve function strength,
the balance of sympathetic/parasympathetic nerves, the heart
rate variability, the evaluation and advice, based on the analy-
sis result.

[0159] The data transmission and reception IF unit 1103
includes a subject information and biological data (subject
file) reception unit 11031.

[0160] Thesubjectinformation and biological data (subject
file) reception unit 11031 receives subject information and
biological data from the mobile information terminal 210.
[0161] The mobile information terminal outputs a fatigue
level measurement result report in the cloud environment to
which the terminal is logged in.

[0162] Thetransmission and reception of CSV files includ-
ing biological data (measureed data) and report should pref-
erably be performed via secure communication (encrypted
communication) considering theft or loss.

[0163] FIG. 4 is a view of a normal electrocardiogram
diagram, and a normal view thereof.

[0164] In the drawing, the electrocardiogram waveform
includes P wave, R wave, T wave and U wave, and shows the
heights and wave widths of the waves.

[0165] FIG. 5 is a view illustrating a pulse wave and a
calculation formula (P2/P1) of AL

[0166] In the drawing, the Al value (index indicating the
load applied on the heart or the hardness of the pulse wave)
can be calculated based on the ratio (P1/P2) of ejection wave
(P1) and reflected wave (P2) of the pulse wave.

[0167] FIG. 6 (FIGS. 6A through 6C) are views showing an
example of the subject information input screen on the dis-
play screen of the display portion of the mobile information
terminal.

[0168] FIG. 6A illustrates anexample of registering subject
information when performing measurement for the first time
using the present system.

[0169] Inthe drawing, adisplay screen2301 is displayed on
the display unit 2104 of the mobile information terminal 210
to enter basic information and measurement information. In
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the display screen, basic information is entered through the
input unit (keyboard) 2101 of the mobile information termi-
nal in response to a message, and the information is registered
by clicking on the “register and start measurement” (mea-
surement start button).

[0170] Basic information includes, for example, ID, name,
sexuality, and date of birth. The basic information is dis-
played on a display area 21001. Further, measurement date,
measurement location, measurement time (seconds), and
message (guidance) related to the entry operation are dis-
played.

[0171] FIG. 6B is an example of a screen of a subject whose
past measurement history exists in the history care DB 11021
(second measurement or more), and in that case, the user
retrieves the subject information, and clicks on (presses) the
“start measurement” (measurement start button) on the dis-
play tag. The electrocardiogram and pulse wave measure-
ments using the biosensor 220 is started by this operation.
FIG. 6C is a drawing illustrating a frame format of an example
of a screen on which measurement data is displayed when the
user operates the “start measurement” (measurement start
button) of FIG. 6B and starts measurement, a creation of a file
for the subject based on the data, and output of a report of the
result of fatigue level measurement.

[0172] In the drawing, when the measurement start button
is operated and measurement is started, the system receives
data of the electrocardiogram and pulse waves of the biosen-
sor 220, and displays in real time the waveform of the elec-
trocardiogram, the pulse wave and the acceleration pulse
wave on a measurement screen display area 21002 of the
display unit 2104 of the mobile information terminal 210.

[0173] The subject information (including the basic infor-
mation and measured information) and the measurement data
(including the electrocardiogram and pulse data) are formed
as a file in the subject file creation unit 2105, and transmitted
as subject file (including electrocardiogram and pulse wave
data) F1 to the cloud-side data center 110 at a data file trans-
mission and reception IF unit (subject file and fatigue level
measurement result report transmission and reception unit)
1103.

[0174] That is, the client side performs the following pro-
cesses.
[0175] A guidance (not shown) showing how to use the

biological measuring instrument 220 and perform measure-
ment is displayed on the display screen 2100 so that a subject
performing measurement for the first time can manipulate the
instrument. Further, during measurement, it displays electro-
cardiogram and pulse waves on the spot (refer to FIG. 6C),
and performs operation to enable confirmation that correct
measurement is performed. The details are as follows.

<Receive Measurement Location and Measurement Time
(Screen)>

[0176] When starting measurement, a measurement infor-
mation indicating the “measurement location” and the like
registered in the history care DB 11021 is selected. When the
“measurement location” is new, information related to the
“measurement location” entered through a keyboard is
received, and the location is additionally registered in the
history care DB 11021. A “measurement time” is displayed as
default on the display screen, and it is changed only when
needed.
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<Select Subject (Screen)>

[0177] When the subject is registered, the past measure-
ment history is searched to specify the subject, and the mea-
surement is started.

<Register New Subject (Screen)>

[0178] In the case of a new subject, name, sexuality and
birth date are received and registered in the history care DB
11021, before starting measurement.

<Start Measurement Processing at Mobile Information
Terminal Side, and Monitor (Internal Processing)>

[0179] Measurement processing on the mobile information
terminal side is started, the measurement processing by the
biological measuring instrument 220 is monitored, and recep-
tion of the measurement result from the biological measuring
instrument is waited.

[0180] <Display Guidance (Screen)>

[0181] Operation procedures such as how to switch the
power on the biological measuring instrument 220 is dis-
played on the display screen, and starting of measurement is
accepted.

<Measurement Processing at Biological Measuring
Instrument (Screen)>
[0182] The electrocardiogram and pulse wave data (wave-

form of measurement condition) of the biological measuring
instrument 220 is displayed in real time on a display area
21002. In the case of a subject whose pulse is difficult to
measure, the acceleration pulse wave is calculated from the
electrocardiogram, and the waveform is displayed in a similar
manner. The measurement time is executed for a period of
time entered as the measurement information.

[0183] <Measure and Transmit Biological Information (In-
ternal Processing)>

[0184] The electrocardiogram and pulse wave data mea-
sured by the biological measuring instrument 220 is transmit-
ted to the client-side mobile information terminal 210.

<Transmit Measurement Result (Internal Processing)>

[0185] When the designated measurement time is ended,
the mobile information terminal 210 displays guidance that
measurement is ended on the display screen. Further, it cre-
ates a file based on the measurement data, and transmits the
file to the cloud-side fatigue analysis server 1101. After trans-
mitting the file, the file is deleted from the mobile information
terminal 210 from viewpoint of security.

[0186] FIG. 7 is a diagtam illustrating in frame format the
processing flow of the cloud-side device.

[0187] In the drawing, the data center 110 receives the
subject file (including the electrocardiogram and pulse wave
data) from the mobile information terminal of the client-side
device via a subject file (subject information and biological
data) reception unit 1103. Then, the file is registered in the
database 1102.

[0188] The data center 110 analyzes the electrocardiogram
and pulse wave data of the subject file by a fatigue analysis
system (analysis engine) 1101. Regarding data analysis, at
first, the condition of the autonomic nerve is measured from
the electrocardiogram and pulse wave, and thereafter, the
strength of the autonomic nerve is compared with a reference
information DB 11022, and the degree of fatigue is analyzed.
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[0189] The analysis result of the balance of the autonomic
nerve compared with the reference of the reference informa-
tion DB 11022 is used to analyze the stress tendency. Then, an
analysis report is created based on the analysis result in the
analysis report creation unit 11014. The analysis report
includes information such as subject information, autonomic
nerve function age, heart rate variability, sympathetic/para-
sympathetic nerve (LF/HF), and autonomic nerve evaluation.
[0190] In creating the analysis report, an autonomic nerve
evaluation information (autonomic nerve evaluation com-
ment) in the autonomic nerve evaluation information DB
11023 is associated with the analysis result in an analysis
result and autonomic nerve evaluation association unit 1013,
and set as a fatigue level measurement result report.

[0191] That is, the following processes are performed on
the cloud side.

<Analysis Processing (Internal Processing)>

[0192] After confirming that the monitored measurement
file has been received, the file is entered in the analysis engine
of the fatigue analysis server 1101, and necessary index
(CCVPT, LH, HF and so on) for deciding the fatigue level is
calculated.

<Store Analysis Result in DB (Internal Processing)>

[0193] The above-acquired analysis result is compared
with the reference value master of the autonomic nerve age
reference value DB, the autonomic nerve evaluation value DB
and the comprehensive evaluation DB in the database 1102,
and the degree of fatigue is decided. These values are all
stored in the DB.

<Generate and Transmit Report (Internal Processing)>

[0194] A fatigue level measurement result report is gener-
ated based onthe decided degree of fatigue, and transmitted to
the client-side mobile information terminal 210.

<Receive and Display Report (Internal Processing)>

[0195] The mobile information terminal 210 receives the
fatigue level measurement result report from the fatigue
analysis server 1101, and displays the report.

<Execute Printing of Report (Screen)>

[0196] Further, execution of printing of report is accepted.

<Print Report (Printed Matter)>

[0197] Then, the fatigue level measurement result is printed
using the printer 230.

[0198] FIGS. 8 through 11 are views illustrating the con-
tents of tables of the sympathetic nerve/parasympathetic
nerve evaluation value, the autonomic nerve age reference
value, the comprehensive evaluation and the history DB as
typical master used in the screening system for fatigue and
stress.

[0199] FIG. 8isa view illustrating information of the auto-
nomic nerve evaluation value, that is, the information of the
sympathetic nerve/parasympathetic nerve evaluation value
(master).

[0200] In the drawing, the sympathetic nerve/parasympa-
thetic nerve evaluation value (master) includes an attribute
name column and a remarks column. An attribute name col-
umn 110231 stores information such as “start date and end
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date of term of validity” (term of validity of master), “LF/HF
rank” (four classifications: extremely high value, high value,
reference value, low value), “start and end of rank range”
(range of LE/HF for each of the four classifications: “stan-
dard: low value: 0.0 to 0.8”, “reference: 0.8 to 2.0”, “high
value: 2.0 to 5.0, extremely high value: 5.0 and higher)”,
“evaluation” (comments regarding state for each of the four
classifications), “remarks”, “icon color” (color of face mark
for each of the four classifications. Low value: yellow, refer-
ence: blue, high value: yellow, extremely high value: red),
“registration date and time”, “registration ID”, “update date
and time”, and “update ID”.

[0201] A comment can be, for example, “the sympathetic
nerve is high; the parasympathetic nerve system is well bal-
anced, but the activity of the autonomic nerve function is low.
It is desirable to enhance the function of the sympathetic
nerve system, such as by exercising or taking a hot shower in
the morning. Introducing activities, such as yoga, respiration
methods, music and aroma, to enhance the function of the
parasympathetic nerve system in the evening to create regular
daily rhythms is recommended.”

[0202] FIG. 9 is a view of an information related to an
autonomic nerve age reference value (master).

[0203] In the drawing, the autonomic nerve age reference
value (master) includes an attribute name column and a
remarks column. The attribute name column 110211 stores
information, such as “start date and end date of term of
validity” (term of validity of master), “age” (each age), “low
value” (low value of each age), “reference value” (reference
value of each age), “high value” (high value of each age),
“registration date and time”, “registration ID”, “update date
and time”, and “update ID”.

[0204] The reference value formulates age-based refer-
ences based on clinical trial data from a medical examination
center, for example, and verification of correlation with other
biomarkers from research institutions is carried out to create
a highly reliable reference for deciding fatigue and stress.
[0205] FIG. 10is a view of an information of a comprehen-
sive evaluation (master).

[0206] In the drawing, the autonomic nerve age reference
value (master) includes an attribute name column and a
remarks column. An attribute name column 110241 stores
information such as “term of validity_start date”, “term of
validity_end date”, (term of validity of master shown in
remarks column), “LF/HF rank” (four classifications), “auto-
nomic nerve function age rank (three classifications: a value
smaller than a low value, a high value or higher, and other
values which are a standard values), “comprehensive evalu-
ation rank (,d, ice corresponding to twelve classifications),
“comprehensive evaluation”, “self-care advice” (advice
according to the twelve classifications), icon color (single
color selected from blue, yellow and red according to the
twelve classifications), “registration date and time”, “regis-
tration ID”, “update date and time”, and “update ID”.

[0207] FIG. 11 is a view of an information of a history care
DB.
[0208] In the drawing, the history care DB includes an

attribute name column and a remarks column. The attribute
name column 110231 stores information such as “user ID”
(measurement-side user ID), “subject ID” (subject informa-
tion), “subject name” (subject information), “measurement
start date and time” (measurement information), “measure-
ment location code” (measurement information), “measure-
ment location name” (measurement information), “sensor
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measurement date and time” (measurement information),
“measurement time (seconds)” (measurement information),
“sensor name” (., ,c.eme,t iNformation), “sexuality” (mea-
surement information), “age” (,,..sueme,t iNIOrmation),
“average RR (AA)” (measurement information), “average
heart rate (number of pulse)” (analysis result), “average heart
rate”, (analysis result), “average HF” (analysis result), “aver-
age LF” (analysis result), “average HF+LF” (analysis result),
“average LF/HF” (analysis result), “average SD” (analysis
result), “average CVRR (CVAA)” ((analysis result), “ccvTP”
(analysis result), “In(ccvTP)” (analysis result), “autonomic
nerve function age” (analysis result), “autonomic nerve func-
tion age rank” (result of decision), “LF/HF rank™ (result of
decision), “LF/HF icon color” (result of decision), “LF/HF
evaluation” (result of decision), “comprehensive decision
rank” (result of decision”, “comprehensive decision icon
color” (result of decision), “‘self-care advice” (result of deci-
sion), and “registration date and time” (processing date and
time).

[0209] FIG. 12 is a view illustrating an example of the
report of the fatigue level measurement result.

[0210] In the drawing, a fatigue level measurement result
report 2300 includes a basic information and measurement
information area 2301, an autonomic nerve function age area
2302, a heart rate variability area 2303, a sympathetic/para-
sympathetic nerve area 2304, and an evaluation area 2305.
[0211] The basic information and measurement informa-
tion area 2301 is a display area for displaying a measurement
environment of the measurer (subject) and an information
related to the measurer (subject), wherein information at the
time of measurement, measurement date, measurement time
and so on are displayed in the relevant area.

<Basic Information>

[0212] That is, the basic information and measurement
information area 2301 shows the name, sexuality and age as
the basic information of the subject, and measurement loca-
tion and measurement time as the measurement information.
[0213] The autonomic nerve function age area 2302 is a
display area in which a function age is displayed by compar-
ing the autonomic nerve strength and strength deteriorated by
aging with an average value of each age group, and in the area
is further displayed the autonomic nerve function age at the
time of measurement.

[0214] Inthe graph, the vertical axis represents autonomic
nerve function (CCVTP), and the horizontal axis represents
age.

[0215] Theautonomic nerve function indicates the strength

of the autonomic nerve (sympathetic nerve and parasympa-
thetic nerve), and it can be seen that green line b drops with
agebyage average. A face mark H1 indicates, as function age,
which age average the strength of the autonomic nerve cor-
responds to, based on the current measurement value. The
mark moves upward as the autonomic nerve function is
increased, and moves downward by tendency of fatigue and
the like. A red line ¢ is the low value of reference value of that
age. It can be used as an index indicating that the function is
deteriorated if the value falls below the line. The blue line a is
the high value of the reference value of that age. If the value
is higher, measurement noise is suspected, and re-measure-
ment should be performed. If the value is the same after
re-measurement, the value is considered to be correct, and it
can be determined that the autonomic nerve function of the
subject is extremely high.
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<Autonomic Nerve Function Age (Strength of Autonomic
Nerve Function)>

[0216] In the autonomic nerve function age area 2302, the
high value, the center value and the low value of CCVTP of
each age from 20 to 70 are displayed in a graph as standard
display.

[0217] In the drawing, (a) represents the high value, (b)
represents the medium value, and (¢) represents the low value.
[0218] On the graph, the value of CCVTP of the measure-
ment result of the subject is plotted on the vertical axis, and
the age of the subject is plotted on the horizontal axis.
[0219] A face mark is displayed on the plot, wherein if the
measurement value is lower than the low value corresponding
to the age of the subject, a yellow face mark is plotted, and in
other cases, a blue face mark is plotted. The mark (d) repre-
sents the plotted face mark.

[0220] The superiority or inferiority with respect to the
reference value is visually displayed in an intelligible manner
by displaying yellow for caution and blue for normal.
[0221] The CCVTP of the measurement result and the rela-
tive function age are displayed below the graph.

[0222] The heart rate variability area 2303 is an area for
displaying an average heart rate, wherein the average heart
rate and fluctuation at the time of measurement is displayed in
the area.

[0223] Inother words, the measured average heart rate and
the state of the heart rate variability (variability of heart beat
intervals) are displayed in a graph. The portion where the
waveform is dropped to the bottom indicates measurement
failure (data deficiency).

<Heart Rate Variability>

[0224] That is, the heart rate variability area 2303 displays
the average heart rate based on the measurement result of the
subject, and the reference value. In addition, the variability of
heart rate is displayed in a line graph.

[0225] The sympathetic/parasympathetic nerve area 2304
indicates the balance between sympathetic nerve and para-
sympathetic nerve which constitute the autonomic nerve. It
shows that the sympathetic nerve is dominant (when under
tension or stress) as the face mark H2 is biased toward the
right, and that the parasympathetic nerve is dominant (when
relaxing) as the face mark is biased toward the left.

[0226] The sympathetic nerve and the parasympathetic
nerve should be well-balanced, and in the ideal state, the
sympathetic nerve is dominant during the active period and
the parasympathetic nerve is dominant during the resting
period.

<Sympathetic and Parasympathetic Nerves (Autonomic
Nerve Balance)>

[0227] The sympathetic/parasympathetic nerve area 2304
displays the LH/HF and the reference value based on the
result of measurement of the subject.

[0228] The state of the measurement result of LH/HF is
displayed by a supplementary comment.

[0229] A bar graph is displayed where the reference value
(0.8 t0 2.0) of the LH/HF is indicated by blue, a value smaller
than 0.8 is indicated by yellow, and a value equal to or greater
than 2.0 is indicated by red.

[0230] The LH/HF of the measurement result is plotted on
the bar graph, and in doing so, a face mark whose color
corresponds to the reference value is used.
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[0231] The evaluation area 2305 is a display area display-
ing evaluation and comments based on the function age and
balance of the autonomic nerve, and the area displays the
result of decision of the autonomic nerve state during mea-
surement, based on the function (strength) and balance. The
description of the autonomic nerve state during measurement
and advice for improving the autonomic nerve function
(strength) and balance are displayed.

<Autonomic ~ Nerve  Evaluation  (Comprehensive
Evaluation)>
[0232] The evaluation area 2305 displays a comprehensive

evaluation and advice decided based on the autonomic nerve
function age (autonomic nerve function strength) and the
balance of the sympathetic/parasympathetic nerves.

[0233] FIG. 13 is a view of the sequence of the electrocar-
diogram and pulse wave measuring instrument, the mobile
information terminal, and the fatigue analysis server (includ-
ing the analysis engine), and a process flow of the respective
units.

[0234] Inthe drawing, at first in step S1101, the cloud-side
data center 110 selects a subject, and in step S1102, it receives
the subject information. Then, in step S1103, it performs a
registration processing of a new subject, and in step S1104, it
starts the measurement process at the mobile information
terminal 210 side and monitors the same.

[0235] Further, in step S2201, the electrocardiogram and
pulse wave measuring instrument 220 measures the biologi-
cal measurement information (electrocardiogram and pulse
wave data), and transmits the electrocardiogram and pulse
wave data 1o the mobile information terminal 210.

[0236] Instep S2101, the mobile information terminal 210
displays guidance according to the start of measurement pro-
cessing from the data center 110. The subject at the mobile
information terminal 210 side enters desired information
according to the guidance. Further, in step S2102, the bio-
logical measurement information is received and processed.
At this time, a file is created for each subject, and desirably,
information is transmitted and received for each subject.
[0237] Then, in step S2103, the measurement result (elec-
trocardiogram and pulse wave data) F1 is transmitted to the
cloud-side fatigue analysis server 1101.

[0238] The fatigue analysis server 1101 receives the mea-
surement result in step S1105, and analyzes the result. This
analyzing process is performed by referring to the informa-
tion in each DB of the storage unit 1102. Next, in step S1106,
the analysis result is stored in the history care DB, and in step
S1107, a report as described above (including the autonomic
nerve function strength and sympathetic/parasympathetic
nerve balance, heart rate variability, evaluation, and advice)
R1 is created. When creating a report, data is created for
displaying the report of the fatigue measurement result and
the result of decision based on the electrocardiogram and
pulse wave data analysis result. Then, the report R1 is trans-
mitted to the mobile information terminal 210.

[0239] Instep S2104, the mobile information terminal 210
receives the report R1, and displays the same on the display
unit 2104 of the terminal. Further, in step S2105, it prints out
the report R1 using the printer 230.

[0240] According to the present system, the electrocardio-
gram and pulse wave data measured by the electrocardiogram
and pulse wave measuring instrument is analyzed using the
cloud-side analysis server, so that the stress state can be
comprehended by a numerical value based on the balance and
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strength of the autonomic nerve, and the relevant analysis
data can be transmitted to the client terminal side to be visu-
ally displayed on the client terminal, by which a portable and
convenient system can be configured where measurement can
be performed easily and objectively by anyone in a short
period of time.

[0241] According to the present embodiment, the electro-
cardiogram and pulse wave data measured by the electrocar-
diogram and pulse wave measuring instrument is analyzed
using the cloud-side analysis server, so that the stress state can
be comprehended by a numerical value based on the balance
and strength of the autonomic nerve, and the relevant analysis
data can be transmitted to the client terminal side to be visu-
ally displayed on the client terminal, by which a portable and
convenient system can be configured where measurement can
be performed easily and objectively by anyone in a short
period of time.

[0242] The present invention is not restricted to the above-
illustrated preferred embodiments, and can include various
modifications. The above-illustrated embodiments are
described in detail to help understand the present invention,
and the present invention is not restricted to a structure includ-
ing all the components illustrated above.

[0243] Further, a portion of the configuration of an embodi-
ment can be replaced with the configuration of another
embodiment, or the configuration of a certain embodiment
can be added to the configuration of another embodiment.
[0244] A portion or whole of the above-illustrated configu-
rations, functions, processing units, processing means and so
on can be realized via hardware configuration such as by
designing an integrated circuit.

[0245] Further, the configurations and functions illustrated
above can be realized via software by the processor interpret-
ing and executing programs realizing the respective func-
tions. Information including the programs, tables and files for
realizing the respective functions can be stored in a storage
device such as a memory or a hard disk.

[0246] Only the control lines and information lines that are
considered necessary for description are illustrated in the
drawings, and not necessarily all the control lines and infor-
mation lines required for production are illustrated. In actual
application, it can be considered that almost all the compo-
nents are mutually coupled.

REFERENCE SIGNS LIST

[0247] 10 Cloud-side device

[0248] 110 Data center

[0249] 1101 Analysis system (fatigue level analysis server)
[0250] 11010 Analysis engine

[0251] 110101 Electrocardiogram analysis unit

[0252] 110102 Heart rate analysis unit

[0253] 110103 Pulse wave analysis unit

[0254] 110104 Autonomic nerve function analysis

[0255] 11011 Biological data analysis unit

[0256] 11012 DB retrieval and analysis result writing unit
[0257] 11013 Commend adding unit

[0258] 11014 Analysis report (fatigue level measurement

result report) creation unit

[0259] 11015 Analysis result decision unit

[0260] 1102 Database (storage unit)

[0261] 11021 History care DB

[0262] 11022 Autonomic nerve age reference DB
[0263] 11023 Autonomic nerve evaluation value DB
[0264] 11024 Total evaluation value DB
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[0265] 1103 Data transmission and reception IF unit

[0266] 20 Client-side device

[0267] 210 Mobile information terminal

[0268] 2101 Keyboard (input unit)

[0269] 2102 Control unit (arithmetic processing unit)

[0270] 2103 Data transmission and reception IF unit

[0271] 2104 Display unit (output unit)

[0272] 2105 Subject file creation unit

[0273] 2106 Biological data reception IF unit

[0274] 220 Biological measuring instrument

[0275] 2201 Cardiograph and pulse wave data transmission
IF unit

[0276] 2202, 2203 Electrocardiogram and pulse measure-
ment electrode

[0277] 230 Output device (printer)

1.-2. (canceled)

3. A screening system for fatigue and stress analyzing and
evaluating a fatigue and stress of a subject based on an elec-
trocardiogram and pulse data of the subject and a reference
value for each age based on an autonomic nerve state of each
age, and generating an analysis report for enabling the subject
to perform care corresponding to a condition of life based on
an analysis and evaluation result of fatigue and stress, com-
prising:

a data transmission and reception interface unit receiving
electrocardiogram and pulse data of a subject measured
through a biological measuring instrument from a sub-
ject terminal of the subject, and transmitting an analysis
report created based on the analysis and evaluation of the
electrocardiogram and pulse data of the subject to the
subject terminal,

an analysis unit analyzing fatigue and stress of the subject
based on the electrocardiogram and pulse data and a
heart rate variability by the biological measuring instru-
ment;

a decision and evaluation unit for deciding and evaluating
an analysis result by the analysis unit by comparison
with the reference value;

a storage unit storing an analysis data of the subject by the
analysis unit as history care information, and saving a
reference value for each age based on the autonomic
nerve state of each age as a master;

an analysis report creating means creating the analysis
report; and

a commend addition unit for adding a comment related to
a state of autonomic nerve balance according to the
decision and evaluation result decided and evaluated by
the decision and evaluation unit to the analysis report;

wherein the analysis unit comprises

an electrocardiogram and pulse data analysis unit analyz-
ing a strength of the autonomic nerve (LF/HF) based on
the electrocardiogram and pulse data of the subject, and
comparing the strength of the autonomic nerve with the
autonomic nerve age reference value by the reference
value to analyze the degree of fatigue, a heart rate analy-
sis unit analyzing an electrocardiogram variability from
the electrocardiogram data of the subject, and an auto-
nomic nerve function analysis unit analyzing the auto-
nomic nerve balance (LF/HF), and comparing the ana-
lyzed balance with an autonomic nerve evaluation value
(LE/HF evaluation value) of the reference value to ana-
lyze a stress tendency,
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the decision and evaluation unit comprises
an autonomic nerve function comprehensive decision unit

comprehensively deciding an autonomic nerve function
based on the respective analysis results of the electro-
cardiogram and pulse data analysis unit, the autonomic
nerve function analysis unit, and the heart rate analysis
unit,

the storage unit comprising
a history care storage unit storing the analysis data as a

history care information,

an autonomic nerve evaluation value storage unit storing

the autonomic nerve evaluation value (LF/HF evaluation
value),

an autonoric nerve age reference value storage unit stor-

ing the autonomic nerve age reference value, and

a comprehensive evaluation storage unit storing a compre-

hensive evaluation advice information corresponding to
the result of the autonomic nerve function comprehen-
sive decision performed by the autonomic nerve func-
tion comprehensive decision unit,

the analysis report creation unit comprising
an analysis report creation unit creating an analysis report

including various information of advice and comments
corresponding to the analysis result performed by the
respective analysis units and a comprehensive evalua-
tion in response to the decision result performed by the
autonomic nerve function comprehensive decision unit,

the autonomic nerve evaluation value (LF/HF evaluation

value) in the autonomic nerve evaluation value storage
unit sets a number of the plurality of LF/HF ranks to M,
and includes information of comments referring to a
state for each of the number of the ranks,

the autonomic nerve age reference value in the autonomic

nerve age reference value storage unit is set so that a
number of the plurality of autonomic nerve function age
ranks composed of the reference value of each age is N,

the comprehensive evaluation in the comprehensive evalu-

ation storage unit sets a product of the LF/HF ranks M
and the autonomic nerve function age ranks N as a
number of the comprehensive evaluation ranks (MxN),
and includes information of a number of advices corre-
sponding to the product number, and

provides a result of the autonomic nerve function compre-

hensive decision performed by the autonomic nerve
function comprehensive decision unit and a comprehen-
sive evaluation advice corresponding to the plurality of
comprehensive evaluation ranks by the analysis report,
independent from the analysis result by each of the
respective analysis units and the comment by the deci-
sion and evaluation unit.

4. The screening system for fatigue and stress according to
claim 3, wherein

the biological measuring instrument is composed of an

electrocardiogram and pulse measuring instrument
capable of measuring electrocardiogram and pulse at the
same time,

the autonomic nerve evaluation value (LF/HF evaluation

value) of the storage unit and the autonomic nerve age
reference value are set as master based on a measure-
ment result having measured a reference value for each
age based on the autonomic nerve state of each age, and
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analysis and evaluation data by the analysis and evaluation
unit, the subject data, and the measurement data mea-
sured by the biological measuring instrument are set so
as not to be saved.

5. The screening system for fatigue and stress according to

claim 3, wherein

the plurality of LF/HF ranks are composed of four classi-
fications, which are “low value: 0.0 to 0.8”, “reference:
0.8102.0”, “high value: 2.0 to 5.0”, and “extremely high
value: 5.0 and greater”,

the plurality of autonomic nerve function age ranks are
composed of three classifications, which are “smaller
than low value”, “high value or higher”, and “standard
value other than the former values”,

the comprehensive evaluation ranks are composed of 12
classifications, which are “four classifications of the
LF/HF rank multiplied by three classifications of the
autonomic nerve function age ranks”,

the comment is a comment of state for each of the four
classifications of the LF/HF rank, and

the advice is an advice for each of the twelve classifications
of the comprehensive evaluation ranks.
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