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Description
Technical Field

[0001] The present invention relates to a technology
using atime series waveform of a biosignal obtained from
the back of a person (driver) who performs driving or
operation (which will be generically referred to as "driv-
ing" in this description) of a transportation apparatus,
such as a vehicle, a train, an airplane, a ship, or the like,
so as to determine what state the driver is in.

Background Art

[0002] Monitoring a biological state of a driver during
driving is gaining attention in recent years as an accident
prevention measure or the like. The present applicant
has hitherto proposed various such techniques. Patent
Document 1 discloses an apparatus having a procedure
to obtain a time series waveform of a frequency mainly
from a time series waveform of a biosignal which is car-
diocirculatory pulsation sampled from an upper body of
a person, further obtain a time series waveform of a fre-
quency gradient and a time series waveform of a fre-
quency fluctuation, and frequency-analyze them. When
performing a frequency analysis, power spectra of re-
spective frequencies corresponding to a function adjust-
ing signal, a fatigue reception signal and an activity ad-
justing signal belonging in a ULF band (ultra low frequen-
cy band) to a VLF band (very low frequency band), which
are predefined, are obtained. Then, the state of the per-
son is determined from time series changes of the re-
spective power spectra. The fatigue reception signal in-
dicates the degree of progress of fatigue in a normal ac-
tive state, and thus by comparing, together with this, the
degrees of predominance of the power spectra of the
function adjusting signal and the activity adjusting signal,
the state of the person (relaxed state, fatigue state, sym-
pathetic nerve predominant state, parasympathetic
nerve predominant state, or the like) can be determined.
[0003] Patent Document 2 uses, similarly to Patent
Document 1, the function adjusting signal, the fatigue
reception signal and the activity adjusting signal belong-
ing in the ULF band (ultra low frequency band) to the VLF
band (very low frequency band), but Patent Document 2
is of a method obtaining, in time series, distribution rates
of respective frequency components when a total of val-
ues of power spectra of the frequency components cor-
responding to the three signals is 100, and determining
the state of a person by using time series changes in the
distribution rates.

[0004] The techniques of Patent Documents 1 and 2
are both based on knowledge as follows. Specifically,
human homeostasis is retained by fluctuation, and its
frequency band is regarded to be in the ULF band and
the VLF band. On the other hand, in atrial fibrillation as
one of heat diseases, it is said that the point where a
characteristic of fluctuation of the heart-circulatory sys-
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tem switches is 0.0033 Hz, and by grasping a change in
fluctuation in the vicinity of 0.0033 Hz, information related
to homeostasis can be obtained. Further, it is said that
frequency bands in the vicinity of 0.0033 Hz or lower and
in the vicinity of 0.0053 Hz are mainly related to body
temperature adjustment, and the frequency band of 0.01
to 0.04 Hz is said to be related to control of autonomic
nervous system. Then, when a frequency gradient time
series waveform for calculating these fluctuations of low
frequencies which are inherent in the biosignal was ac-
tually obtained and subjected to frequency analysis, it
was confirmed that there were fluctuations of frequency
band around 0.0017 Hz which is a lower frequency than
0.0033 Hz and 0.0035 Hz in the vicinity of 0.0033 Hz,
and a fluctuation of frequency band around 0.0053 Hz
besides these two.

[0005] The signal of 0.0035 Hz (fatigue reception sig-
nal)is afluctuation for maintaining homeostasis by adapt-
ing to externally inputted stress, and this is a signal indi-
cating the degree of progress of fatigue in anormal active
state, the signal of 0.0053 Hz (activity adjusting signal)
is a signal in which the degree of influence by control of
endocrine hormones in an active time appears, the signal
of 0.0017 Hz (function adjusting signal) which is a lower
frequency than 0.0033 Hz is a signal controlling modu-
lation and/or functional decrease of a body, and the sig-
nals of these three frequency bands are correlated one
another to function as a body temperature adjusting func-
tion. Then, time series changes of power spectra and
distribution rates of these signals are used for determin-
ing the state of a person.

Prior Art Document
Patent Document
[0006]

Patent Document 1: Japanese Patent Application
Laid-open No. 2011-167362

Patent Document 1: Japanese Patent Application
Laid-open No. 2012-95779

[0007] US 2013/0225940 A1 describes a technique for
grasping a state of a human being. The technique deter-
mines a time-series waveform of a frequency from a time-
series waveform of a biological signal acquired from an
upper body of a human being, and determines time-se-
ries waveforms of a frequency slope and frequency var-
iation to analyze these frequencies. Upon analyzing the
frequencies, it determines power spectrums Of frequen-
cies corresponding to a preset functional adjustment sig-
nal, fatigue reception signal, and activity adjustment sig-
nal, and then determines a state of the human being from
atime-series change in each power spectrum. Dominant
degrees of the functional adjustment signal and activity
adjustment signal are compared as distribution rates
thereof, in addition to a degree of progress of fatigue, to



3 EP 2 932 900 B1 4

determine a state of the human being, for example a re-
laxed state, fatigued state, prominent state of sympathet-
ic nervous, prominent state of parasympathetic nervous.
[0008] In US 2012/0101395 A1, a state change of a
person is captured with timing closer to consciousness
of the person. A frequency slope waveform of a time se-
ries signal of a pulse wave of a body of a person detected
by an air pack is obtained by a frequency slope time-
series analyzing and a computing device and a frequency
fluctuation time-series waveform is obtained by a fre-
quency fluctuation time-series analyzing and computing
device. By comparing changes of two waveforms with
each other in a waveform determining device, a state
change of a person can be captured with timing closer
to consciousness of the person. A sleep-onset point can
be specified clearly based upon the case where a fluc-
tuation waveform steep gradient portion indicating a
steep gradient change emerges in the frequency fluctu-
ation waveform, and amplitude and a base line position
of the frequency fluctuation waveform or the frequency
slope waveform are in predetermined ranges. Further,
when a mean slope line of the fluctuation waveform steep
gradient portion is approximately parallel to a mean slope
line of the slope waveform steep gradient portion in the
frequency slope waveform before emergence of the fluc-
tuation waveform steep gradient portion, a sleepiness
waveform is determined, so that a sleepiness state lead-
ing to sleep onset can be detected.

Disclosure of the Invention
Problems to be Solved by the Invention

[0009] Those described in Patent Documents 1 and 2
are capable of widely grasping phenomena related to
sleepiness such as a light sleepiness (mild sleepiness),
a hypnagogic symptom phenomenon, a momentary
sleep, and animminent sleep, and among others, an abil-
ity to grasp the hypnagogic symptom phenomenon is em-
phasized. Although it is quite effective to determine the
state of a person by using the above-described three
frequency components belonging in the ULF band and
the VLF band, further improvement in determination ac-
curacy is constantly desired. For example, when it is ap-
plied to a warning system aiming at prevention of dozing,
the hypnagogic symptom phenomenon, the imminent

sleep phenomenon, or the like often occurs without the
driver himself/herself being aware of it, but when, for ex-
ample, the driver is in an overfatigue state from the be-
ginning, the driver shifts to a state of tension because a
rise in sympathetic function or control of various hor-
mones (endocrine system) influences strongly in order
to resist the overfatigue state, and a state that the driver
is not aware (conscious) of sleepiness becomes mostly
predominant. In other words, even when changes inside
the body occur accompanying sleepiness, they are can-
celled out by the state of tension and a warning is issued
from the beginning of driving in a state of not being able
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to perceive sleepiness, and thus the driver may construe
it as an erroneous determination. Conversely, about a
sleepiness which can be recognized by (subjective for)
the driver, if all kinds of sleepiness which come and go
like ripples are warned, the warning itself may be con-
sidered bothersome and disliked. Thus, biological deter-
mination during driving is to be used for giving some kind
of warning by using its determination result and hence
demanded to issue a predetermined warning as reliably
as possible at timing when the driver should be led to a
wakeful state or the like, and it is desired that unneces-
sary warnings are as few as possible.

[0010] The present invention is made in view of the
above situation, and it is an object thereof to provide a
device for determining biological state during driving and
a computer program which are capable of performing
determination of a biological state of a driver during driv-
ing with higher accuracy, and capable of giving a warning
at necessary timing as reliably as possible.

Means for Solving the Problems

[0011] In order to achieve the above-described object,
the presentinventors focused on the facts that a frequen-
cy gradient time series waveform of a biological signal
sampled from the back of a driver, namely, aortic pulse
wave (APW) is highly correlated with a frequency gradi-
ent time series waveform of a finger photoplethysmo-
gram grasping a state of control of body temperature by
a change in blood stream, and the state of body temper-
ature control can be grasped from characteristics (am-
plitude, cycle) related to the frequency of the time series
waveform of the APW, and that the balance of autonomic
function can be grasped by subjecting the frequency gra-
dient time series waveform of the APW to absolute value
processing, and movement of control thereof can further
be grasped from a change characteristic of fluctuation
obtained by distribution rates, and the like. Accordingly,
a determination criterion for each of them is set corre-
sponding to various physical condition changes by using
analytical calculation results by an analyzing and calcu-
lating means of them, so as to determine in parallel a
hypnagogic symptom phenomenon or an imminent sleep
phenomenon which mainly occurs unconsciously, light
sleepiness which occurs consciously or strong sleepi-
ness accompanying strong resistance to sleep, or a low
consciousness traveling state in which the driver keeps
traveling in a state of being unable to read or judge in-
formation even though the driver is not aware of sleepi-
ness and opening eyes due to a significant decrease in
consciousness level, or the like. The present inventors
considered that the biological state of the driver can thus
be grasped from multiple aspects and determination of
the biological state can be performed with high accuracy,
and thereby completed the present invention.

[0012] The present invention provides a device as set
out in claim 1.
[0013] The present invention further provides a com-
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puter program as set out in claim 9.
Effects of the Invention

[0014] The presentinvention has a hypnagogic symp-
tom phenomenon detecting means, an imminent sleep
phenomenon detecting means, a subjective sleepi-
ness/low consciousness traveling state detecting means,
and a homeostasis function level determining means,
which are configured to function in parallel, as a deter-
mining and detecting means. Therefore, detection of a
hypnagogic symptom phenomenon or an imminent sleep
phenomenon, or detection of a period resisting a light
sleepiness (mild sleepiness) or a strong sleepiness which
occurs consciously, or the case where a low conscious-
ness traveling state due to a decrease in consciousness
level momentarily occurs or the case where it occurs
longer continuously, or the like, can be determined/de-
tected by the respective means, and a driver’s biological
state can be determined more accurately than conven-
tional ones. Further, by a structure in which a

change in adaptation ability level is determined by a
homeostasis function level determining means, and an
initial fatigue determining means is provided, in a driving
initial stage, presence of an initial fatigue state in the driv-
inginitial stage when shifting from a differentenvironment
to a new environment as a driving environment can be
determined. A biological state in this driving initial stage
affects the state after several hours by the circadian
rhythm or the like, and thus a caution or the like prompting
to take a rest after several hours can be given to the
driver in the driving initial stage.

[0015] In this manner, according to the present inven-
tion, the biological state of the driver can thus be grasped
from multiple aspects, and appropriate driving and a rest
at appropriate timing can be prompted easily, and it is
preferred as a device for grasping a biological state dur-
ing driving.

Brief Description of Drawings
[0016]

FIG. 1 is a perspective view illustrating an example
of a biosignal measuring device for trunk used in one
embodiment of the present invention.

FIG. 2 is an exploded perspective view of the biosig-
nal measuring device for trunk illustrated in FIG. 1.
FIG. 3 is a cross-sectional view of a substantial part
ofthe biosignal measuring device for trunk illustrated
in FIG. 1.

FIG. 4 is a diagram schematically illustrating a struc-
ture of a biological state analyzing device according
to one embodiment of the present invention.

FIG. 5 is a diagram for explaining a frequency cal-
culating means and a frequency gradient calculating
means in an analyzing and calculating means.
FIGs. 6 illustrate an example of sleep experiment
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results, in which (a) illustrates distribution rate time
series waveforms of brain waves, (b) illustrates gra-
dient time series waveforms of a finger plethysmo-
gram, (c) illustrates a frequency gradient time series
waveform by using a zero cross detection method
of APW, (d) illustrates a frequency gradient time se-
ries waveform by using a peak detection method of
the APW, (e) illustrates distribution rates by using
the zero cross detection method, and (f) illustrates
a degree of change of a distribution rate.

FIG. 7 is a flowchart for explaining a determination
step of a hypnagogic symptom phenomenon.

FIG. 8 is a flowchart for explaining a determination
step of an imminent sleep phenomenon.

FIG. 9 is a flowchart for explaining a determination
step of the hypnagogic symptom phenomenon.
FIG. 10 is a flowchart for explaining a determination
step of the imminent sleep phenomenon.

FIG. 11 is a flowchart for explaining a determination
step of a light sleepiness, or the like.

FIG. 12 is a flowchart for explaining a determination
step of the light sleepiness, or the like.

FIG. 13 is a diagram for explaining a determination
step of a strong sleepiness, or the like.

FIG. 14 is a flowchart for explaining a determination
step of the strong sleepiness, or the like.

FIG. 15(a) is a diagram for explaining a method of
detecting a subjective sleepiness or the like in a fre-
quency gradient time series waveform. FIG. 15(b) is
a diagram illustrating a result of a chi-squared test
of a dynamic experiment of Experimental Example
1. FIG. 15(c) is a graph illustrating a difference in
number of detections by presence of combined use
of a detection method of a subjective sleepiness or
the like by using the frequency gradient time series
waveform.

FIG. 16 is a flowchart for explaining a determination
step by a feeling determining means.

FIG. 17 is a diagram for explaining a detection meth-
od of a biological state determining means using his-
tory.

FIG. 18(a) is a diagram illustrating results of time
series waveforms of distribution rates of the APW
measured by a static experiment of Experimental Ex-
ample 1, and FIG. 18(b) is a diagram illustrating re-
sults of time series waveforms of distribution rates
of the APW measured in the dynamic experiment.
FIG. 19(a) illustrates an example of detecting a sub-
jective sleepiness or the like by using a frequency
gradient time series waveform in 89 examples of a
dynamic experiment of Experimental Example 1,
and FIG. 19(b) illustrates results of a chi-squared
test evaluating a detection result of the subjective
sleepiness by the distribution rates together.
FIGs.20(a), (b) are diagrams for explaining a method
of determining a hypnagogic symptom phenomenon
from the frequency gradient time series waveform.
FIGs. 21(a), (b) are diagrams illustrating results of
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performing a frequency analysis for each of 25 min-
utes before reaching and 25 minutes after reaching
a sleepiness peak in FIGs. 20(a), (b).

FIG. 22 is a diagram illustrating a 2 X 2 cross table
regarding wakefulness and hypnagogic symptom in
finger plethysmograms and APW of ten subjects of
Experimental Example 2.

FIG. 23 illustrates an example of data indicating a
correlation of the frequency gradient time series
waveform of the APW sampled during actual vehicle
traveling and the presence of sleepiness.

FIGs. 24 illustrate a result of a sleep experiment of
a subject in Experimental Example 3, in which (a) is
a diagram illustrating distribution rates of brain
waves, (b) is a diagram illustrating activity levels of
a sympathetic nervous system (LF/HF) and a para-
sympathetic nervous system (HF) obtained from the
finger photoplethysmogram, (c) is a diagram illus-
trating gradient time series waveforms of the finger
photoplethysmogram, and (d) is a diagram illustrat-
ing a frequency gradient time series waveform and
a frequency fluctuation time series waveform by the
zero cross detection method of the APW.

FIGs. 25(a), (b) are diagrams illustrating frequency
analysis results of a sleep resisting state in Experi-
mental Example 3.

FIGs. 26 (a), (b) are diagrams illustrating frequency
analysis results of a sleep state.

FIGs. 27(a) to (d) are diagrams illustrating results of
a male subject in his thirties in a demonstration ex-
periment during long distance traveling of Experi-
mental Example 4.

FIGs. 28(a) to (d) are diagrams illustrating results of
a male subject in his forties in a demonstration ex-
periment during long distance traveling of Experi-
mental Example 4.

FIG. 29 is a diagram illustrating an example of a
physical condition management by using results of
the demonstration experiment during long distance
traveling of Experimental Example 4.

FIGs. 30(a) to (c) are diagrams illustrating analysis
results of Experimental Example 5.

FIG. 31 is a diagram illustrating evaluation results of
accuracy of a degree of separation of a peak point
and a zero cross point of the APW in the Experimen-
tal Example 5.

FIGs. 32(a) to (h) are diagrams illustrating sleep ex-
periment results of Experimental Example 6.

FIGs. 33(a) to (e) are diagrams illustrating wave-
forms of various biosignals for 25 seconds from 374
seconds in a sleep state of Experimental Example 6.
FIGs. 34(a) to (e) are diagrams illustrating analysis
results of the APW in a sleep experiment of Experi-
mental Example 6.

FIGs. 35(a) to (e) are diagrams illustrating frequency
analysis results of various biosignals in the sleep ex-
periment of Experimental Example 6.
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Best Mode for Carrying out the Invention

[0017] Hereinafter, the present invention will be de-
scribed in further detail based on embodiments of the
present invention illustrated in drawings. FIG. 1 to FIG.
3 are views illustrating a biosignal measuring device 1
which samples a biological signal sampled from the back
of a driver, namely, aortic pulse wave (APW), which is
an analysis target of a device for determining biological
state during driving 60 according to one embodiment of
the present invention. The aortic pulse wave is pressure
vibration generated from motions of the heart and aortas,
which are detected from the back of the upper body of a
person, and include information of systoles and diastoles
of ventricles. Further, an increase in internal pressure of
arterial tubes to be an auxiliary pump of circulation is
propagated as waves to the periphery along blood ves-
sels, and accompanying this propagation blood vessel
walls are expanded. Therefore, the aortic pulse wave
(APW) includes elasticity information of blood vessel
walls and elasticity information by blood pressure. That
is, the aortic pulse wave (APW) is information including
both information at a location close to the center which
is obtained from cardiac sound and an electrocardiogram
and information of an output wave in which influences of
internal pressure fluctuation and elasticity of blood vessel
walls of arterial tubes are superposed on an input wave
originated in the heart (that is, information in which a cy-
clic characteristic is changed by information of the pe-
riphery obtained from a finger plethysmogram which orig-
inally becomes the same cycle and the same fluctuation).
Then, a signal waveform accompanying a heartbeat fluc-
tuation includes nerve activity information of a sympa-
thetic nervous system and a parasympathetic nervous
system (activity information of the parasympathetic nerv-
ous system including compensation for sympathetic
nerves), and a signal waveform accompanying pulsa-
tions of aortas includes information of sympathetic nerve
activity.

[0018] The biosignal measuring device 1 used in this
embodiment is structured to have, as illustrated in FIG.
2 and FIG. 3, a core pad 11, spacer pads 12, a sensor
13, a front film 14, and a rear film 15.

[0019] The core pad 11 is, for example, formed in a
plate shape, in which two vertically long through holes
11a, 11a are formed at symmetrical positions across a
portion corresponding to a spine. The core pad 11 is pre-
ferred to be formed from a bead foam of polypropylene
formed in a plate shape. When the core pad 11 is formed
from the bead foam, it is preferred to be formed with a
foaming ratio in the range of 25 to 50 times and the thick-
ness is formed to be equal to or less than an average
diameter of beads. For example, when the average di-
ameter of beads foamed by 30 times is about 4 to 6 mm,
it is slice-cut with the thickness of the core pad 11 being
about 3 to 5 mm.

[0020] The spacer pads 12 are fitted in the through
holes 11a, 11a of the core pad 11. The spacer pads 12
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are preferably formed of a three-dimensional knitted fab-
ric. The three-dimensional knitted fabric is, for example,
as disclosed in Japanese Patent Application Laid-open
No. 2002-331603, Japanese Patent Application Laid-
open No. 2003-182427, or the like, a knitted fabric made
as a three-dimensional structure having a pair of ground
knitted fabrics disposed separately from each other and
numerous connecting yarns which reciprocate between
the pair of ground knitted fabrics to couple them. When
the three-dimensional knitted fabric is pressurized by the
back of a person, the connecting yarns of the three-di-
mensional knitted fabric are compressed, a tension oc-
curs in the connecting yarns, and vibrations of a body
surface via muscles of the person accompanying a bi-
osignal are propagated. Further, it is preferred to use
thicker one for the spacer pads 12 formed of the three-
dimensional knitted fabric than that for the core pad 11.
Thus, when peripheral edges of the front film 14 and the
rear film 15 are adhered to peripheral edges of the
through holes 11a, 11a, the spacer pads 12 formed of
the three-dimensional knitted fabric are pressed in a
thickness direction. Thus, a tension due to stress of the
front film 14 and the rear film 15 occurs, and it becomes
easy for a solid vibration (film vibration) to occur in the
front film 14 and the rear film 15. On the other hand, a
pre-compression occurs also in the spacer pads 12
formed of the three-dimensional knitted fabric and a ten-
sion due to stress also occurs in the connecting yarns
retaining the form in the thickness direction of the three-
dimensional knitted fabric, and it becomes easy for a
string vibration to occur.

[0021] The sensor 13 is disposed fixedly to one of the
spacer pads 12 before the above-described front film 14
and rear film 15 are stacked. The three-dimensional knit-
ted fabric forming the spacer pads 12 is formed of the
pair of ground knitted fabrics and the connecting yarns
as described above. String vibrations of the connecting
yarns are transmitted to the front film 14 and the rear film
15 via nodal points to the ground knitted fabrics, and thus
the sensor 13 is preferred to be fixed to a surface of the
spacer pad 12 (surface of the ground knitted fabrics). As
the sensor 13, a microphone sensor, among others, a
condenser microphone sensor is preferably used.
[0022] The above-described biosignal measuring de-
vice 1is, forexample, disposedin a position of a seatback
of a driver’s seat of a transportation apparatus such as
an automobile. For example, it is provided by disposing
inside a surface layer of the seatback or disposing in a
rear surface of a cushion member used by stacking on
the seatback.

[0023] Next, a structure of the device for determining
biological state during driving 60 of this embodiment will
be described based on FIG. 4. The device for determining
biological state during driving 60 is structured to have an
analyzing and calculating means 61, a determining and
detecting means 62, and so on. The device for determin-
ing biological state during driving 60 is constituted of a
computer, and a computer program is introduced therein
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which causes the computer to execute an analyzing and
calculating procedure to function as the analyzing and
calculating means 61, and execute a determining and
detecting procedure to function as the determining and
detecting means 62. Note thatthe computer program can
be provided by storing in a recording medium such as a
flexible disk, a hard disk, a CD-ROM, a MO (magneto-
optical disk), a DVD-ROM, or a memory card, or can be
transmitted through a communication line.

[0024] The analyzing and calculating means 61 ana-
lyzes and calculates an APW which is a biosignal ob-
tained from the biosignal measuring device 1 to process
it into a predetermined form. Specifically, the means is
structured to have a frequency calculating means 611, a
frequency gradient calculating means 612, a frequency
fluctuation calculating means 613, a distribution rate cal-
culating means 614, and a degree of change calculating
means 615, and these means function by executing a
frequency calculating procedure, a frequency gradient
calculating procedure, a frequency fluctuation calculating
procedure, a distribution rate calculating procedure, and
a degree of change calculating procedure, which are
computer programs, respectively.

[0025] The frequency calculating means 611 obtains
atime series waveform of a frequency in time series data
of an output signal (APW) obtained from the sensor 13
of the biosignal measuring device 1, preferably, time se-
ries data of a predetermined frequency region which is
subjected to a filtering process (for example, a filtering
process removing frequency components of body move-
ment, or the like).

[0026] The frequency calculatingmeans611is ameth-
od obtaining a time series waveform of a frequency by
using a point of switching from positive to negative (here-
inafter referred to as a "zero cross point") in a time series
waveform of the output signal (APW) obtained from the
sensor of the biosignal measuring device 1 (hereinafter
referred to as a "zero cross detection method"). This zero
cross detection method is to grasp basic components of
the frequency of a biosignal, and indicates the intensity
level of expression of LF/HF used as an index of sympa-
thetic function. In this method, first, once the zero cross
point is obtained, it is divided by every five seconds for
example, a reciprocal of a time interval between zero
cross points of the time series waveform included in the
five seconds is obtained as an individual frequency f, and
an average value of the individual frequencies f in the
five seconds is employed as a value of a frequency F of
the five seconds (step of [1] of FIG. 5). Then, frequencies
F obtained in every five seconds are plotted, thereby ob-
taining the time series waveform of the frequency (step
of [2] of FIG. 5).

[0027] As the frequency calculating means 611, it is
also possible to employ a method for obtaining a time
series waveform by using a maximum value (peak) by
smooth differentiation of the time series waveform of the
output signal (APW) obtained from the sensor of the bi-
osignal measuring device 1 (hereinafter referred to as a
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"peak detection method"). The peak detection method
basically obtains a time series waveform corresponding
to the function of HF used as an index of parasympathetic
function. For example, the maximum value is obtained
by the smooth differentiation by Savitzky and Golay.
Next, for example, the maximum value is divided by every
five seconds, areciprocal of a time interval between max-
imum values of the time series waveform (apexes of
mountain sides of the waveform) included in the five sec-
onds is obtained as an individual frequency f, and an
average value of the individual frequencies f in the five
seconds is employed as a value of a frequency F of the
five seconds (step of [1] of FIG. 5). Then, frequencies F
obtained in every five seconds are plotted, thereby ob-
taining the time series waveform of the frequency (step
of [2] of FIG. 5).

[0028] Here, the APW is a biosignal including informa-
tion of both the condition of control of a peripheral system
and the condition of control of a heart similarly to the
finger plethysmogram, that is, a biosignal including the
condition of sympathetic predominant state of artery, as
well as appearance information of the sympathetic nerv-
ous system and the parasympathetic nervous system of
an autonomic nervous system. A waveform obtained by
absolute value processing of a gradient time series wave-
form by this zero cross detection method of the biosignal
is more associated with the state of control of a heart,
and reflects an appearance state ofthe sympathetic nerv-
ous system. A waveform by the peak detection method
is more associated with heartbeat fluctuation and grasps
a dynamic state of the parasympathetic nervous system
to which compensation by the sympathetic nervous sys-
tem is added. Note that a waveform obtained by absolute
value processing of a gradient time series waveform by
the peak detection method is relatively approximate to a
dynamic state of the parasympathetic nervous system
(this dynamic state of the parasympathetic nervous sys-
tem is one to which sympathetic compensation is added)
by wavelet analysis of the finger plethysmogram. Thus,
it is conceivable that the zero cross detection method
can be used for an index representing a physical condi-
tion which is a result of adaptation to stress addressed
by control of the autonomic nervous system. Because it
is highly associated with the state of control of the heart,
the zero cross detection method also includes informa-
tion of incisure of heartbeat fluctuation, and a frequency
component of phase delay occurring in the vicinity of 0.5
Hz or the vicinity of 1 to 2 Hz due to a time phase differ-
ence of the APW and occurrence of fluctuation can be
obtained as information, which cannot be obtained by
the finger plethysmogram,. Therefore, upon determining
the biological state using the APW, it is preferred to main-
ly use data obtained by the zero cross detection method.
[0029] The frequency gradient calculating means 612
is configured to set a time window with a predetermined
overlap time and a predetermined time width from the
time series waveform of the frequency of the output signal
of the sensor of the biosignal measuring device 1 ob-
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tained by the frequency calculating means 611, obtain a
gradient of the frequency of the output signal of the sen-
sor by a least square method in every time window, and
output the time series waveform thereof. Specifically,
first, a gradient of a frequency in a certain window Tw1
is obtained by the least square method and plotted (steps
of [3], [5] of FIG. 5). Next, a next time window Tw2 is set
in an overlap time Tl (step of [6] of FIG. 5), and a gradient
of a frequency in this time window Tw2 is similarly ob-
tained by the least square method and plotted. This cal-
culation (movement calculation) is repeated sequentially,
and a time series change of gradient of an air pack signal
is outputted as a frequency gradient time series wave-
form (step of [8] of FIG. 5). Note that the time width of
the time window Tw is preferably set to 180 seconds, and
the overlap time Tl is preferably set to 162 seconds. As
described in above Patent Document 3
(WO2005/092193A1 publication) by the present appli-
cant, they were chosen as values by which characteristic
signal waveforms appear most sensitively from a sleep
experiment performed by variously changing the time
width and the overlap time Tl of the time window Tw.
[0030] Further, as described above, a characteristic of
fluctuation of atrial fibrillation switches at 0.0033 Hz, and
it is said that a fluctuation for adjusting the fluctuation of
0.0033 Hz exists in the vicinity of 0.0033 Hz or lower.
Therefore, when the state of fluctuation around 0.0017
Hz which is intermediate between 0 Hz and 0.0033 Hz
is seen, it is conceivable that an overview of state of fluc-
tuation appears, which occurs in the vicinity of 0.0033 Hz
or lower even if dispersion occurs. The time correspond-
ing to a 1/4 period of the waveform of 0.0017 Hz is 147
seconds. Assuming that the waveform is smoothed in a
90% lap state, when a preceding and subsequent time
of 10% is added, 147/0.8 = approximately 180 seconds.
Also from this point, it can be said that 180 seconds is
preferred. Here, a condition of progressive change, aten-
dency of change, a derivative coefficient, and a gradient
during 180 seconds, three minutes, are grasped as a
time series waveform. Then, a gradient which is an av-
erage value for 180 seconds, on which 90% of the time
of 180 seconds is lapped for smoothing, is plotted every
18 seconds to create a time series waveform, and the
time series waveform of this gradient is used for perform-
ing an analysis. The time series waveform of this gradient
grasps fluctuations of homeostasis, and is for evaluating
in a large sense the degree of control of heartbeat fluc-
tuation as a time series waveform.

[0031] The frequency fluctuation calculating means
613 performs a movement calculation to obtain an aver-
age value of a frequency in every predetermined time
window set in a predetermined overlap time in the time
series waveform obtained in the frequency calculating
means 611, and outputs a time series change of the av-
erage value of the frequency obtained in every time win-
dow as a frequency fluctuation time series waveform. As
described above, the time series waveform of a frequen-
cy obtained by the peak detection method grasps infor-
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mation of both the sympathetic nerve activity and the
parasympathetic nerve activity, and the time series wave-
form of a frequency obtained by the zero cross detection
method grasps information of the sympathetic nerve ac-
tivity. Assuming that the frequency fluctuation time series
waveform by the zero cross detection method grasps the
sympathetic nerve activity, in a sleep state it is affected
by a decrease in sympathetic nerve activity and thus the
frequency decreases. Assuming that the frequency fluc-
tuation time series waveform by the peak detection meth-
od grasps both the sympathetic nerve activity and the
parasympathetic nerve activity, in a sleep state it is af-
fected by both a decrease in the sympathetic nerve ac-
tivity and arise in the parasympathetic nerve activity, and
thus the frequency further decreases than in the case of
the zero cross detection method. Therefore, when the
two frequency fluctuation time series waveforms are
compared by wakeful state and sleep state, a change
occurs in degree of separation of the both. That is, the
degree of separation of the both becomes smaller in a
sleep state than in a wakeful state (see FIG. 30(c)).
[0032] Therefore, utilizing this, by obtaining plural piec-
es of data of the degree of separation between the wake-
ful state and the sleep state in advance and setting
thresholds therefrom, whether it is the wakeful state or
the sleep state can be determined automatically. Al-
though normally the driver would not fall asleep during
driving, if a degree of separation determining means us-
ing the frequency fluctuation time series waveform is set
as the determining and detecting means 62 of the device
for determining biological state during driving 60 of this
embodiment, it can be configured to issue a predeter-
mined warning in case that shift to the sleep state is de-
tected. However, although the driver would not fall asleep
during driving, it is of course possible that the driver has
a sleep in a break time. Therefore, it is also possible to
activate the degree of separation determining means af-
ter driving is finished, and objectively know what time the
driver took a break and had a sleep. In this case, one
that executes the degree of separation determining
means which is a computer program for determination
may be an onboard device for determining biological
state during driving 60, or data accumulated in the on-
board device for determining biological state during driv-
ing 60 may be used, analyzed by a management com-
puter for manager in which the degree of separation de-
termining means is set, and used for managing states
during driving of every driver. Of course, it may be set
such that data obtained by the onboard device for deter-
mining biological state during driving 60 are transmitted
to the management computer constantly or periodically
via a communication line, and in this case, the manage-
ment computer can determine the degree of separation
based on the received data.

[0033] The distribution rate calculating means 614 has
a means frequency-analyzing the frequency gradient
time series waveform obtained from the frequency gra-
dient calculating means 612 and obtaining power spectra
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of respective frequencies corresponding to the function
adjusting signal, the fatigue reception signal and the ac-
tivity adjusting signal described above, and extracts fre-
quency components corresponding to the function ad-
justing signal, the fatigue reception signal and the activity
adjusting signal described above which are predefined
from the time series change of the obtained power spec-
tra, calculates ratios of the three frequency components
in time series when the total of values of power spectra
of these three frequency components is 100, and obtains
a time series fluctuation waveform thereof as a distribu-
tion rate waveform. Here, in this embodiment, as de-
scribed above, 0.0017 Hz is the function adjusting signal,
0.0035 Hz is the fatigue reception signal, and 0.0053 Hz
is the activity adjusting signal. Note that the function ad-
justing signal is in the range of 0.0027 Hz or lower, the
fatigue reception signal is in the range of 0.002 to 0.0052
Hz, and the frequency of the activity adjusting signal can
be adjusted in the range of 0.004 to 0.007 Hz.

[0034] The degree of change calculating means 615
applies smoothing differentiation to the time series dis-
tribution rates obtained by the distribution rate calculating
means, and obtains a degree of change of the distribution
rate of at least one frequency component from among
the three frequency components, the function adjusting
signal, the fatigue reception signal and the activity ad-
justing signal described above, between arbitrary time
points on a time axis. At this time, the arbitrary time points
on a time axis where the smoothing differentiation is ap-
plied can be appropriately chosen from two or more
points on the time axis employed as calculation points.
In this case, for example, it is preferred to obtain degrees
of change by several types of calculation methods, such
as the case where smoothing differentiation at two points
is applied and the case where smoothing differentiation
at 11 points is applied. By setting determination criterion
with a different threshold for the degrees of change ob-
tained respectively, more accurate determination be-
comes possible.

[0035] The determining and detecting means 62 is a
means determining or detecting the biosignal by using a
calculation result of the analyzing and calculating means
of the analyzing and calculating means 61, and is struc-
tured to have a hypnagogic symptom phenomenon de-
tecting means 621, an imminent sleep phenomenon de-
tecting means 622, a subjective sleepiness/low con-
sciousness traveling state detecting means 623, a home-
ostasis function level determining means 624, an initial
fatigue determining means 625, and so on, and these
means function by executing a hypnagogic symptom
phenomenon detecting procedure, an imminent sleep
phenomenon detecting procedure, a subjective sleepi-
ness/low consciousness traveling state detecting proce-
dure, a homeostasis function level determining proce-
dure, an initial fatigue determining procedure, and so on,
which are computer programs, respectively.

[0036] The hypnagogic symptom phenomenon detect-
ing means 621 detects a hypnagogic symptom phenom-
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enon. The hypnagogic symptom phenomenon is a phys-
ical condition change phenomenon which occurs 5 to 30
minutes before falling asleep, but does not accompany
a subjective sleepiness. Thus, it is grasped by a signal
that is a rise in sympathetic function.

[0037] The hypnagogic symptom phenomenon detect-
ing means 621 performs determination by using an index
related to autonomic nerve control among calculation re-
sults of the above-described analyzing and calculating
means 61. In this embodiment, the frequency gradient
time series waveform by the frequency gradient calcu-
lating means 612 using the zero cross detection method
is used to perform determination. FIGs. 6 illustrate an
example of sleep experiment results, in which (c) illus-
trates an example of the frequency gradient time series
waveform by using the zero cross detection method. The
hypnagogic symptom phenomenon is basically deter-
mined by that waves with large amplitude appear several
times sequentially in the frequency gradient time series
waveform. As illustrated in FIG. 6(a), from the relation of
o wave, B wave, 6 wave of brain waves, the vicinity of 33
to 40 minutes can be determined as a point of falling
asleep (falling asleep point). On the other hand, in the
frequency gradient time series waveform of (c), waves
with large amplitude sequentially appear in the vicinity of
14 to 26 minutes, that s, 7 to 26 minutes before the falling
asleep point, and this waveform can be identified as the
hypnagogic symptom phenomenon accompanying arise
in the sympathetic function. The hypnagogic symptom
phenomenon can be identified in real time by performing
determination based on criteria obtained by statistically
studying what difference this waveform with large ampli-
tude appears with from previous waveforms from exam-
ination results performed on a large number of subjects.
[0038] Inthis embodiment, asillustrated in FIG. 7, first,
the frequency gradient time series waveform using the
zero cross detection method is subjected to smoothing
differentiation, a point of switching from positive gradient
to negative gradient is detected as a peak, a point of
switching from negative gradient to positive gradient is
detected as a bottom, and an amplitude value between
the both is calculated. Next, whether a plurality of such
amplitude values exist or notis obtained, and if a plurality
of them exist, a comparison of magnitude with the am-
plitude value of one previous data piece is made. If the
ratio of magnitude is equal to or more than a predeter-
mined multiple and a predetermined time or longer has
passed from the time when the amplitude value of one
previous data piece is obtained, it is determined as the
hypnagogic symptom phenomenon.

[0039] Fromthe above fact, when a diversiontendency
of frequency gradienttime series waveform appears such
that appearance of a waveform with large amplitude oc-
curs with respect to a predetermined criterion, it can be
determined as the hypnagogic symptom phenomenon.
Further, as illustrated in FIG. 20, its cycle also becomes
a long cycle at timing when such an increase tendency
of amplitude occurs, and thus it is preferred to be struc-
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tured to determine the hypnagogic symptom phenome-
non when the cycle becomes a long cycle according to
the increase tendency.

[0040] The imminent sleep phenomenon detecting
means 622 detects an imminent sleep phenomenon. The
imminent sleep phenomenon is a phenomenon which
occurs after the hypnagogic symptom phenomenon ap-
pears and 1 to 5 minutes before the driver falls asleep in
a state that the parasympathetic function accompanying
a decrease in the sympathetic function is predominant,
and thus is grasped by signals as a decrease in the sym-
pathetic function and arise in the parasympathetic func-
tion. The imminent sleep phenomenon is, in many cases,
anon-subjective physical condition change phenomenon
similarly to the hypnagogic symptom phenomenon, but
may accompany a subjective strong sleepiness depend-
ing on the person or the physical condition and/or the
surrounding environment at the moment.

[0041] The imminent sleep phenomenon is a point on
the frequency gradient time series waveform using the
zero cross detection method where, after the above-de-
scribed waveform indicating the hypnagogic symptom
phenomenon appears, the waveform shows a conver-
gence tendency and thereafter shows a variation fluctu-
ation with a longer cycle. In FIG. 6(c), the imminent sleep
phenomenon is identified from 29 to 38 minutes and oc-
curs several minutes before determination of the falling
asleep point by brain wave. Upon identifying the immi-
nent sleep phenomenon in real time, in this embodiment,
determination as described in FIG. 8 is performed. Spe-
cifically, the frequency gradient time series waveform us-
ing the zero cross detection method is subjected to
smoothing differentiation, a point of switching from pos-
itive gradient to negative gradient is detected as a peak,
a point of switching from negative gradient to positive
gradient is detected as a bottom, and an amplitude value
between the both is calculated. Next, whether a plurality
of such amplitude values exist or not is obtained, and if
a plurality of them exist, a comparison of magnitude with
the amplitude value of one previous data piece is made.
If the ratio of the magnitude is equal to or less than a
fraction of a predetermined number, and a value of
smoothing differentiation waveform falls within a prede-
termined range sequentially by a predetermined calcu-
lation point or more and indicates a tendency of conver-
gence and thereafter accompanies a variation fluctuation
with alonger cycle, itis determined as the imminentsleep
phenomenon.

[0042] The hypnagogic symptom phenomenon detect-
ing means 621 and the imminent sleep phenomenon de-
tecting means 622 of this embodiment also have a means
determining a biological state of the driver, which is dif-
ficult to recognize, including the hypnagogic symptom
phenomenon or the imminent sleep phenomenon by a
predetermined determination criterion, by using at least
one of respective distribution rates at arbitrary points on
the time axis of three frequency components correspond-
ing to the function adjusting signal, the fatigue reception
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signal and the activity adjusting signal obtained by the
distribution rate calculating means 614 and the degree
of change of one of the frequency components obtained
by the degree of change calculating means 615. The
function adjusting signal, the fatigue reception signal and
the activity adjusting signal are frequency components
lower than 0.01 Hz belonging in the ULF band to the VLF
band, and they are associated with the state of body tem-
perature control. This body temperature control reflects
a result of autonomic nerve control, and thus the hypn-
agogic symptom phenomenon and the imminent sleep
phenomenon can be grasped by determining the distri-
bution rates and the degrees of change of frequency com-
ponents of the ultralow frequency/very low frequency by
predetermined determination criteria.

[0043] First, regarding the hypnagogic symptom phe-
nomenon, as illustrated in FIG. 9, whether or not the ac-
tivity adjusting signal (0.0053 Hz) or the fatigue reception
signal (0.0035 Hz) is equal to or higher than a predeter-
mined value and the function adjusting signal (0.0017
Hz) is lower than them is determined from among time
series waveforms of distribution rates using the zero
cross detection method. This is determination focusing
on that the hypnagogic symptom phenomenon is such
that fatigue has been accumulated and then temporary
increase in the sympathetic function occurs, and thus
increase in distribution rates of the activity adjusting sig-
nal and the fatigue reception signal related to them oc-
curs. In order to grasp such a change more accurately,
in this embodiment, the degree of change obtained by
the degree of change calculating means 615 is consid-
ered to perform determination. That is, when it is deter-
mined that the time series changes of distribution rates
satisfy the above conditions, it is determined whether or
not the degree of change of the activity adjusting signal
(0.0053 Hz) is equal to or more than a predetermined
value in the positive direction and whether or not the func-
tion adjusting signal (0.0017 Hz) is equal to or less than
a predetermined value in the negative direction, that is,
whether or not the manner of changing is larger than a
predetermined value and is simultaneously changing in
a positive-negative reverse direction.

[0044] Also regarding the imminent sleep phenome-
non, it likewise occurs as a result of accumulation of fa-
tigue, and there occurs an increase in the parasympa-
thetic function before reaching the falling asleep point,
leading the person to a more relaxed state. In the case
ofthe imminent sleep phenomenon, after the hypnagogic
symptom phenomenon appears, it becomes a state that
the parasympathetic function is predominant. Thus, a
fluctuation controlling the heartbeat fluctuation changes,
which appears in the zero cross detection method, and
the heartbeat fluctuation itself changes (frequency of
heartbeat tends to be low) appearing in the peak detec-
tion method and occurring due to the predominance of
the parasympathetic nerve system. Therefore, both the
distribution rate using the zero cross detection method
and the distribution rate using the peak detection method
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are used to detect whether a change of the activity ad-
justing signal (0.0053 Hz) in particular appears signifi-
cantly or not. Further, in order to further increase deter-
mination accuracy, being the imminent sleep phenome-
non is determined in both the distribution rate using the
zero cross detection method and the distribution rate us-
ing the peak detection method, and only when determi-
nation of the both is within a defined time, it is finally
determined and outputted as the imminent sleep phe-
nomenon.

[0045] Specifically, it is as described in FIG. 10, first,
by the zero cross detection method, in the distribution
rate, the case where the activity adjusting signal (0.0053
Hz) is equal to or higher than a predetermined value, the
degree of change of the activity adjusting signal (0.0053
Hz) or the fatigue reception signal (0.0035 Hz) is larger
than a predetermined value in the positive or negative
direction, and the degree of change of the function ad-
justing signal (0.0017 Hz) is larger than a predetermined
value in the positive-negative reverse direction of them,
is determined as the imminent sleep. By the peak detec-
tion method, in the distribution rate, the case where the
activity adjusting signal (0.0053 Hz) or the function ad-
justing signal (0.0017 Hz) is equal to or higher than a
predetermined value, the degree of change of the activity
adjusting signal (0.0053 Hz) or the fatigue reception sig-
nal (0.0035 Hz) is larger than a predetermined value in
the positive or negative direction, and the degree of
change of the function adjusting signal (0.0017 Hz) is
larger than a predetermined value in the positive-nega-
tive reverse direction of them, is determined as the im-
minent sleep. Then, when the imminent sleep is deter-
mined in the determination result using the distribution
rate by the zero cross detection method, the imminent
sleep is determined in the determination result using the
distribution rate by the peak detection method, and these
determinations are within a defined time, that is, when
similar changes occur in the zero cross detection method
and the peak detection method around the same time, it
is finally determined and outputted as the imminent sleep
phenomenon.

[0046] As described above, the hypnagogic symptom
phenomenon detecting means 621 and the imminent
sleep phenomenon detecting means 622 have two de-
termination methods, a method of determining the hyp-
nagogic symptom phenomenon as a biological state
which is difficult to be aware of, and the imminent sleep
phenomenon as a biological state which is basically dif-
ficult to be aware of but can be recognized in some cases,
with predetermined criteria by using the frequency gra-
dient time series waveform, and a method of determining
them with predetermined criteria by using the distribution
rates of the function adjusting signal (0.0017 Hz), the
fatigue reception signal (0.0035 Hz) and the activity ad-
justing signal (0.0053 Hz), and detect the hypnagogic
symptom phenomenon and the imminent sleep phenom-
enon by them. Therefore, it can be said that they can
securely detect these biological states, are highly relia-
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ble, and are suitable as determination methods of bio-
logical state during driving. Note that when the hypna-
gogic symptom phenomenon and the imminent sleep
phenomenon are detected, the hypnagogic symptom
phenomenon detecting means 621 and the imminent
sleep phenomenon detecting means 622 have a control
function to perform output notifying the driver of this (dis-
play on a monitor, generation of warning, vibration of the
driver’s seat, and so on). In this case, the hypnagogic
symptom phenomenon detecting means 621 and the im-
minent sleep phenomenon detecting means 622 may be
set to transmit the detection result constantly or period-
ically to a management computer via a communication
line. Of course, after the operation is finished, these data
may be analyzed by a management computer. Note that
when it is set thus, the management computer conse-
quently forms a part of the device for determining biolog-
ical state during driving of the present invention.

[0047] The subjective sleepiness/low consciousness
traveling state detecting means 623 is a means detecting
a subjective sleepiness which is a physical condition
change phenomenon before falling asleep accompany-
ing a subjective sleepiness of the driver, and a low con-
sciousness traveling state which occurs due to a de-
crease in consciousness level, by using a calculation re-
sult of the analyzing and calculating means 61. The "sub-
jective sleepiness" mentioned here refers to a symptom
which can be subjectively conscious of among symptoms
indicating a physical condition change, and refers to a
light sleepiness (mild sleepiness) felt during driving, an
unbearably strong sleepiness which occurs as the driving
time becomes long, or a strong sleepiness which occurs
due to rebound from a state of excessive tension, or the
like. Further, the "low consciousness traveling state" re-
fers to a traveling state in which, as described above,
despite being in neither a sleep deprivation state nor an
overfatigue state and in a good mental and physical con-
dition, the driver keeps traveling in a state of being unable
to read or judge information even though the sleepiness
is not subjective and eyes are open due to a significant
decrease in consciousness level during driving, and the
driver falls in such state momentarily for two to three sec-
onds. This state is in common to the light sleepiness in
that it momentarily indicates a significant decrease in at-
tention, and is conceivable to indicate a biological reac-
tion similar to when a light subjective sleepiness is felt.
Further, when such a momentary "low consciousness
traveling state" occurs sequentially ("sequentially" men-
tioned here includes the case where it occurs intermit-
tently within a predetermined time, or the case of falling
in the low consciousness traveling state for a long time
of three seconds or more, and the like, besides the case
where the momentary low consciousness traveling state
continues), itis conceivable to indicate a biological reac-
tion similar to when being aware of an unbearable strong
sleepiness. Further, a period of being aware of sleepi-
ness and a period of being fallen in the low consciousness
traveling state are conceivably a period in which the
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homeostasis function of the driver himself or herself is
such that an intention to return from this state to a wakeful
state potentially operates, and moreover are in common
inthat, because aresponding ratio to sound untilreaching
a sleep stage 1is 0.9 to 1, it is possible to return easily
to a state of high consciousness level, a state that an
attention can be called, or even the wakeful state if any
kind of warning is provided. On the other hand, the hyp-
nagogic symptom and imminent sleep phenomenon can
be distinguished from the subjective sleepiness and the
low consciousness traveling state in that they can be said
as a biological reaction as, so to speak, a preliminary
stage to sleep.

[0048] Accordingly, in this embodiment, the "subjec-
tive sleepiness" and the "low consciousness traveling
state" are detected without being distinguished. The
"subjective sleepiness" and the "low consciousness
traveling state" are closely associated with changes in
frequency components less than 0.01 Hz belonging in
the ULF band to the VLF band reflecting the body tem-
perature adjusting function, particularly the function ad-
justing signal around 0.0017 Hz, the fatigue reception
signal around 0.0035 Hz and the activity adjusting signal
around 0.0053 Hz. Therefore, the subjective sleepi-
ness/low consciousness traveling state detecting means
623 determines by using a calculation result of at least
one of the distribution rates of the respective

frequency components obtained by the distribution rate
calculating means 614 and the degrees of change of the
respective frequency components by the degree of
change calculating means 615.

[0049] The subjective sleepiness/low consciousness
traveling state detecting means 623 includes a means
determining an occurrence of the light sleepiness (mild
sleepiness) which disappears by yawning or the momen-
tary low consciousness traveling state for two to three
seconds or less (first subjective sleepiness/low con-
sciousness traveling state detecting means 623a) and a
means determining whether or not the driver has gone
beyond the range of mild sleepiness and is in a strong
sleepiness state which occurs by long-time driving or re-
bound to a state of excessive tension as described above,
or whether or not the momentary low consciousness
traveling state occurs continuously or intermittently within
a predetermined time or the driver has fallen into the low
consciousness traveling state for a longer time (second
subjective sleepiness/low consciousness traveling state
detecting means 623b).

[0050] The first subjective sleepiness/low conscious-
ness traveling state detecting means 623a determines
appearance of the mild sleepiness or the momentary low
consciousness traveling state on a condition that, among
the three frequency components obtained by the distri-
bution rate calculating means 614, the distribution rate
of the frequency component corresponding to the activity
adjusting signal indicates a change to be equal to orlower
than the distribution rate of the frequency component cor-
responding to the function adjusting signal. As described
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above, the hypnagogic symptom phenomenon and the
imminent sleep phenomenon are based on detection of
an emergentrise inthe sympathetic functioninthe course
of change to be parasympathetic nerve predominant, but
the mild sleepiness or the momentary low consciousness
traveling state appears in a timing of decrease in con-
sciousness level without the person being aware of it,
such that accompanying fatigue, the distribution rate of
the function adjusting signal (0.0017 Hz) controlling mod-
ulation orfunctional decrease of a body relatively increas-
es, and conversely the distribution rate of the activity ad-
justing signal (0.0053 Hz) relatively decreases.

[0051] When such a relative increase in distribution
rate of the function adjusting signal (0.0017 Hz) and a
relative decrease in distribution rate of the activity adjust-
ing signal (0.0053 Hz) are replaced with degrees of
change, it is a timing when the distribution rates of the
function adjusting signal and the activity adjusting signal
indicate relatively large changes. Thus, at this point, the
degrees of change of both the frequency components
are each equal to or larger than a predetermined value
in absolute value.

[0052] Thatis, itis determined that a physical condition
change accompanying the mild sleepiness or the mo-
mentary low consciousness traveling state is included in
timings satisfying these conditions. However, in this em-
bodiment, in addition to this logical condition, conditions
obtained statistically based on numerous experimental
results are combined to set

the determination condition of the first subjective sleep-
iness/low consciousness traveling state detecting means
623a, thereby enabling more accurate determination of
the mild sleepiness or the momentary low consciousness
traveling state.

[0053] On the other hand, while setting statistic condi-
tions of the mild sleepiness or the momentary low con-
sciousness traveling state, it is found that when the de-
termination criteria of whether or not it is the mild sleep-
iness or the momentary low consciousness traveling
state are divided roughly in two, the determination accu-
racy increases further. This is such that the determination
criteria are largely separated depending on whether the
basic state of the driver as a determination target is a
relaxed state or a state of tension (including an excited
state). The relaxed state is, for example, the case where
the sympathetic nervous system and the parasympathet-
ic nervous system are well balanced, such as the case
where a person is relaxed while driving on a familiar road
alone, the case of a professional driver accustomed to
long-distance driving and skilled in relaxing while driving,
or the like. The state of tension (including an excited
state) is the case where the sympathetic function is rising
when, for example, there is a passenger and driving is
performed while having a conversation, or the like.
[0054] Further, whether the relaxed state or the state
of tension (including an excited state) changes due to
road conditions, timing of break, music in the vehicle,
getting on or off of passenger, or the like in a long-time
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driving environment. Therefore, the first subjective sleep-
iness/low consciousness traveling state detecting means
623a determines whether the driver is constantly in a
relaxed state or not and thereby changes thresholds of
determination criteria for the mild sleepiness or the mo-
mentary low consciousness traveling state for performing
determination. Determination of whether the basic state
is the relaxed state or the state of tension (including an
excited state) is performed by using the distribution rates
obtained from the distribution rate calculating means 614
and the degrees of change obtained from the degree of
change calculatingmeans 615. Specifically, as illustrated
in FIG. 11, numerous experimental results are statistical-
ly processed, the distribution rates and the degrees of
change of the function adjusting signal (0.0017 Hz), the
fatigue reception signal (0.0035 Hz) and the activity ad-
justing signal (0.0053 Hz) and a timing when there is
conceivably a possibility that the mild sleepiness or the
momentary low consciousness traveling state occurred
in the driver are compared (self-declaration or observa-
tion by a passenger), a condition that the mild sleepiness
or the momentary low consciousness traveling state has
not occur (exception condition) is set, and sort conditions
are set to, at a timing when there is a possibility that the
mild sleepiness or the momentary low consciousness
traveling state occurred, distinguish it as the state of ten-
sion (including an excited state) (sort condition 1) or the
relaxed state (sort condition 2) from the driving environ-
ment at this time of the driver (presence of passenger,
presence of in-vehicle music, condition of traffic jam, or
the like). Note that when the exception condition is ap-
plicable or when itis not applicable to the sort conditions,
it is determined as no sleepiness.

[0055] From these facts, the first subjective sleepi-
ness/low consciousness traveling state detecting means
623a of this embodiment first performs classification into
one for which the determination criterion of the relaxed
state is used or one for which the determination criterion
of the state of tension (including an excited state) is used
according to the above-described sort conditions, in the
case of not falling under the above-described exception
condition, by using the distribution rates obtained from
the distribution rate calculating means 614 using the zero
cross detection method. After classification, it is deter-
mined whether or not the distribution rate of the function
adjusting signal (0.0017 Hz) in the time zone of this de-
termination target is equal to or higher than a predeter-
mined value and the distribution rate of the activity ad-
justing signal (0.0053 Hz) is equal to or lower than the
predetermined value. FIG. 12 illustrates one example of
a determination flow.

[0056] First, it is determined as the mild sleepiness
when the distribution rate of the activity adjusting signal
(0.0053 Hz) is equal to or lower than a predetermined
value and the function adjusting signal (0.0017 Hz) is
equal to or higher than a predetermined value exceeding
this value in the time series waveforms of distribution
rates (first condition). Even when the first condition is not
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satisfied, it is determined as the mild sleepiness when all
the distribution rates of the function adjusting signal
(0.0017 Hz), the fatigue reception signal (0.0035 Hz) and
the activity adjusting signal (0.0053 Hz) are equal to or
higher than a predetermined value (second condition),
and moreover, even when the first condition and the sec-
ond condition are not satisfied, it is determined as the
mild sleepiness or the momentary low consciousness
traveling state when the distribution rates of the function
adjusting signal (0.0017 Hz) and the activity adjusting
signal (0.0053 Hz) are values higher than the set value
of the second condition (third condition).

[0057] Next, when the degrees of change are used,
the degrees of change are obtained respectively in the
case where smoothing differentiation is applied at a dif-
ferent number of calculation points, for example 11
points, and the case where smoothing differentiation at
two points is applied, and an appropriate threshold is set
in each of the cases, so as to perform determination. For
example, when the smoothing differentiation at 11 points
is applied, it is determined as the mild sleepiness or the
momentary low consciousness traveling state when ab-
solute values of the degrees of change of the function
adjusting signal (0.0017 Hz) and the activity adjusting
signal (0.0053 Hz) are equal to or larger than a prede-
termined value (fourth condition). In the case where the
smoothing differentiation at two points is used, it is de-
termined as the mild sleepiness or the momentary low
consciousness traveling state when the absolute values
of the degrees of change of the function adjusting signal
(0.0017 Hz) and the fatigue reception signal (0.0035 Hz)
are equal to or larger than a predetermined value (fifth
condition), or if the fifth condition is not satisfied, it is
determined as the mild sleepiness or the momentary low
consciousness traveling state when the absolute values
of the degrees of change of the function adjusting signal
(0.0017 Hz) and the activity adjusting signal (0.0053 Hz)
are equal to or larger than a predetermined value (sixth
condition).

[0058] The first subjective sleepiness/low conscious-
ness traveling state detecting means 623a is, because
it thus determines by using the distribution rates and the
degrees of change of the function adjusting signal
(0.0017 Hz), the fatigue reception signal (0.0035 Hz) and
the activity adjusting signal (0.0053 Hz) related to body
temperature control, able to accurately determine the
mild sleepiness or the momentary low consciousness
traveling state which are recognizable physical condition
changes, andis suitable for biological state determination
during driving.

[0059] The second subjective sleepiness/low con-
sciousness traveling state detecting means 623b is a
means determining, as described above, whether or not
it exceeds the range of the mild sleepiness and has fallen
inthe strong sleep state occurring due to long-time driving
or rebound from the state of excessive tension, or wheth-
er or not the momentary low consciousness traveling
state has occurred continuously within a predetermined
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time (including the case of occurring intermittently and
the case offalling in the low consciousness traveling state
for a longer time).

[0060] The driving involves physical labor such as
maintaining a predetermined seating posture, steering
or pedal operation and mental labor such as repetitively
collecting various information and making a decision in-
stantly while traveling. Accordingly, in the long time driv-
ing, not only fatigue accumulates but also either of phys-
ical activity and mental activity decrease in activity fre-
quency because traveling is at a constant speed in the
long time driving on an express way or the like, and a
strong sleepiness can occur, the low consciousness
traveling state occurs repetitively within a predetermined
time or the time of one low consciousness traveling state
becomes longer (three seconds or more for example).
More specifically, when sleepiness such as desiring to
sleep occurs, the body prepares to resist the sleepiness
by making the sympathetic nerve activity rise. As aresult,
the distribution rate of the activity adjusting signal (0.0053
Hz) increases. Next, the sleepiness induces a tension
and an attempt to be in a concentrated state is made,
the distribution rate of the function adjusting signal
(0.0017 Hz) increases, and moreover, if it becomes dif-
ficult to resist the sleepiness the parasympathetic nerve
activity is activated and attempts to guide the body to
rest. Thus, the distribution rate of the fatigue reception
signal (0.0035 Hz) reflecting the parasympathetic nerve
activity changes to increase. Through such processes,
a non-subjective desire to sleep which occurred in the
body (non-subjective sleepiness) switches to a subjec-
tive sleepiness, which is a subjective desire to sleep
which occurred in the body. FIG. 13 is a diagram sche-
matically illustrating this change, and many subjects ex-
hibited such a transition of change such as when a strong
sleepiness actually occurs from many experimental re-
sults.

[0061] Accordingly, the second subjective sleepi-
ness/low consciousness traveling state detecting means
623D is set to determine that it has become the state of
resisting the strong sleepiness or the continuous (includ-
ing the case of occurring intermittently within a predeter-
mined time or the case of continuing for a longer time)
low consciousness traveling state when respective peak
values of the time series waveforms of the distribution
rates of the above three frequency components obtained
by the distribution rate calculating means 614 are values
which appear in a predetermined order within a range of
difference in predetermined appearance time, and satisfy
a predetermined distribution rate condition.

[0062] Specifically, asillustrated in FIG. 14, itis deter-
mined that it has become the state of resisting the strong
sleepiness or the continuous (including the case of oc-
curring intermittently within a predetermined time or the
case of continuing for a longer time) low consciousness
traveling state when appearance times of the peak values
of distribution rates of the function adjusting signal
(0.0017 Hz), the fatigue reception signal (0.0035 Hz) and
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the activity adjusting signal (0.0053 Hz) satisfy the fol-
lowing relation: activity adjusting signal < function adjust-
ing signal < fatigue reception signal (first condition), a
difference in the appearance times of peak values of the
activity adjusting signal and the fatigue reception signal
is within a predetermined time (second condition), and
moreover a condition that all the frequency components
are equal to or higher than a predetermined distribution
rate is satisfied (third condition). Further, if none of the
frequency components satisfies the condition that all the
frequency components are equal to or higher than a pre-
determined distributionrate, that is, the first condition and
the second condition are satisfied but the third condition
is not satisfied, a preferred structure is to determine that
it has become the state of resisting the strong sleepiness
or the continuous (including the case of occurring inter-
mittently within a predetermined time or the case of con-
tinuing for a longer time) low consciousness traveling
state when the peak values of the respective distribution
rates satisfy a condition, activity adjusting signal < func-
tion adjusting signal < fatigue reception signal (fourth
condition).

[0063] On the other hand, it is conceivable that the
mechanism for the subjective sleepiness to occur, as de-
scribed above, passes through a rise in the sympathetic
nerve activity (increase in the distribution rate of the ac-
tivity adjusting signal (0.0053 Hz)), shift to a state of ten-
sion/concentration (increase in the distribution rate of the
function adjusting signal (0.0017 Hz)), and activation of
the parasympathetic nerve activity (increase in the fa-
tigue reception signal (0.0035 Hz)), but as a result of
experiment, occasionally there are cases where a strong
subjective sleepiness occurs without passing through
this process. Then, the frequency gradient time series
waveform in this case was considered, and as illustrated
in FIG. 15(a), it was found that a convergence tendency
of amplitude is detected with respect to a predetermined
criterion, and the cycle becomes a short cycle. Specifi-
cally, the amplitude decreases and the cycle becomes a
short cycle from about 300 seconds to about 200 sec-
onds. This corresponds to the frequency components of
0.0035 Hz, 0.0053 Hz, and it is conceivably difficult for
0.0017 Hz to be predominant. That is, it is conceivable
that after the sympathetic nerve activity rises for resisting
sleepiness, the state becomes like giving up and the par-
asympathetic nerve activity is activated, and subse-
quently the sympathetic nerve activity decreases and a
strong sleepiness is felt.

[0064] FIG. 15(b) is a diagram illustrating results of a
chi-squared test when only the distribution rates of the
three frequency components by the distribution rate cal-
culating means 614 are used for detecting the subjective
sleepiness (data of dynamic experiment 89 examples of
experimental example 1, which will be described later),
where there were 23 non-detection cases and a correct
answer rate was 77%. Accordingly, when the case where
the amplitude value is in a predetermined set range in
the frequency gradient time series waveform and the cy-
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cle becomes a short cycle in a predetermined set range
is also detected as the strong subjective sleepiness, as
illustrated in FIG. 15(c), there were four non-detection
cases and the detection accuracy increased. Therefore,
it can be said that, upon detecting the strong sleepiness,
the second subjective sleepiness/low consciousness
traveling state detecting means 623b is preferred to use
determination by the frequency gradient time series
waveform in addition to the above determination by the
distribution rates.

[0065] When the subjective sleepiness or the low con-
sciousness traveling state is detected, similarly to the
hypnagogic symptom phenomenon detecting means 621
and the imminent sleep phenomenon detecting means
622, the subjective sleepiness/low consciousness
traveling state detecting means 623 has a control func-
tion to give a warning to inform the driver of it (display on
the monitor, generation of warning sound, vibration of
the driver’s seat, or the like). In particular, the subjective
sleepiness and the low consciousness traveling state are
a state of decreased attention due to a sleepiness or a
decrease in consciousness level as described above,
and by reliably giving a warning of them, returning to the
wakeful state is easily prompted. Further, as described
above, the subjective sleepiness and the low conscious-
ness traveling state are a stage before reaching the sleep
stage 1 and the responding ratio to sound is 0.9 to 1, and
thus particularly a warning with sound is preferred. The
subjective sleepiness/low consciousness traveling state
detecting means 623 may be set to transmit, similarly to
the hypnagogic symptom phenomenon detecting means
621 and the imminent sleep phenomenon detecting
means 622, its detection result constantly or periodically
to a management computer via a communication line,
and these data may be analyzed by the management
computer after the operation is finished.

[0066] According to this embodiment, the subjective
sleepiness/low consciousness traveling state detecting
means 623 is included in addition to the hypnagogic
symptom phenomenon detecting means 621 and the im-
minent sleep phenomenon detecting means 622. That
is, in addition to that a biological state which is difficult to
recognize, such as the hypnagogic symptom phenome-
non and the imminent sleep phenomenon (including, of
course besides the case of being non-subjective at all, a
state that recovery to wakefulness has become impos-
sible when it becomes subjective) can be detected, a
recognizable biological state which is a state of resisting
the mild sleepiness or the strong sleepiness and can be
said as unqualified for driving can be detected, and the
momentary low consciousness traveling state or the con-
tinuous low consciousness traveling state can be detect-
ed. Specifically, in general, the subjective sleepiness
easily occurs when driving under overfatigue or sleep
deprivation, and thereafter, the hypnagogic symptom
phenomenon is detected, the imminent sleep phenome-
non is further detected, and in these states if a warning
is issued but it is not possible to return to the wakeful
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state, the driver enters a drive dozing. On the other hand,
when driving in good mental and physical conditions, it
is easier to fall into the low consciousness traveling state
than the subjective sleepiness, the low consciousness
traveling state becomes continuous one from momentary
one by a long-time constant traveling on an expressway
or the like. As this is repeated, a negative feedback is
applied in this state, that is, control in a different dimen-
sion of the endocrine system takes place to thereby
cause the hypnagogic symptom phenomenonto emerge,
and the imminent sleep phenomenon as a state of end
period thereof is detected, entering the drive dozing sim-
ilarly to the above. Further, there are also cases where
the subjective sleepiness and the low consciousness
traveling state are combined and repeated, and soon the
hypnagogic symptom phenomenon or the imminent
sleep phenomenon is detected. Of course, depending on
the physical condition of the driver, or the like, the hyp-
nagogic symptom phenomenon or the imminent sleep
phenomenon is not always detected after a detection tim-
ing of the subjective sleepiness or the low consciousness
traveling state, and can also emerge earlier.

[0067] That is, according to this embodiment, having
the subjective sleepiness/low consciousness traveling
state detecting means 623 in addition to the hypnagogic
symptom phenomenon detecting means 621 and the im-
minent sleep phenomenon detecting means 622, a bio-
logical state change to be undergone before falling into
a doze can be grasped in any pattern, making it suitable
as a device for grasping a biological state during driving.
[0068] Next, the homeostasis function level determin-
ing means 624 will be described. The homeostasis func-
tion level determining means 624 is such that, when in-
formation of the time series waveform of the APW is ob-
tained for a predetermined time orlonger by the biosignal
measuring device 1 after the device for determining bio-
logical state during driving 60 of this embodiment is ac-
tivated, it is outputted by displaying on an onboard mon-
itor, or the like. The homeostasis function level determin-
ing means 624 determines the level of the homeostasis
function. The level of the homeostasis function is, for ex-
ample, divided in five to seven stages, and determines
from the case where the homeostasis function is excel-
lent (when the physical condition is good or the degree
of concentration is high, or the like) to the case where
the homeostasis function is inferior (when the physical
condition is bad, when in the state of excessive tension,
a decrease in concentration by inattentive driving, or the
like) (see FIG. 27(a) and FIG. 28(a)). Upon displaying on
the monitor, if the levels in five to seven stages are dis-
played by texts, they are difficult to be comprehended by
the driver. Accordingly, for example, when the cases of
intermediate level (the physical condition is in a normal
state) or higher are collectively determined as the case
where the homeostasis function is excellent (the case
where the physical condition is good, or the like), the
cases lower than them are collectively determined as the
case where the homeostasis function is inferior (the case
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where the physical condition is bad, or the like), and they
are displayed on the monitor by different color display,
they can be easily comprehended by the driver.

[0069] Normally, when the homeostasis function is ex-
cellent, on the other side of the physical condition being
good, there is a tendency to push oneself too hard to the
driving and fallinto the low consciousness traveling state,
and thus it is important not to be careless. When the
homeostasis function is inferior, a caution can be given
to the driver of that the subjective sleepiness can easily
occur, in addition to the low consciousness traveling
state.

[0070] The homeostasis function level determining
means 624 is based on the technology disclosed in the
document WO2011/046178 previously proposed by the
applicant, and performs determination by using at least
one or more of positive/negative of derivative waveforms
of the frequency gradient time series waveform using the
zero cross detection method obtained by the frequency
gradient calculating means 612 of the analyzing and cal-
culating means 61, positive/negative of derivative wave-
forms from differentiation of the frequency gradient time
series waveforms, absolute values or the like of the re-
spective frequency gradient time series waveforms ob-
tained by absolute value processing of each of the fre-
quency gradient time series waveform using the zero
cross detection method and the frequency gradient time
series waveform using the peak detection method. By a
combination of them, which of them the level of the home-
ostasis function corresponds to is obtained. Forexample,
the device can be set so that frequency gradients and
derivative values are used and when they are equal to
or larger than a predetermined value it is determined as
"homeostasis function level 1", or when the derivative
values are equal to or less than predetermined positions
and the "peak predominant" among the two absolute val-
ues it is determined as "homeostasis function level 4".
The combination of them and thresholds or the like for
determination, and so on are not limited but are deter-
mined in this embodiment by statistically processing data
of numerous subjects. Note that setting can also be made
by every person. Further, in the homeostasis function
level determining means 624, a means calculating a de-
rivative value by absolute value processing of the fre-
quency gradient time series waveform and obtaining this
derivative value as a degree of fatigue is also set, as
disclosed in the document Japanese Patent Application
Laid-open No. 2009-22610 by the present applicant, to
thereby output the degree of fatigue of the driver during
traveling. For example, it is displayed by changing the
color ofanimage in a predetermined position on the mon-
itor according to the degree of fatigue.

[0071] Determination results of the level of the home-
ostasis function are displayed sequentially on the on-
board monitor, or the like, and respective determinations
of the hypnagogic symptom phenomenon detecting
means 621, the imminent sleep phenomenon detecting
means 622, and the subjective sleepiness/low con-
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sciousness traveling state detecting means 623 de-
scribed above are processed in parallel with this and per-
formed sequentially. Therefore, on the monitor, while de-
termination results of the level of the homeostasis func-
tion are displayed sequentially, when determination of
the hypnagogic symptom phenomenon and the imminent
sleep phenomenon, determination of the subjective
sleepiness and the low consciousness traveling state are
performed, a display indicating them also appears on the
monitor. Alternatively, a warning sound is generated, or
vibration of the driver’s seat or some kind of other warning
means operates. Note that it may be set such that the
determination results of the level of the homeostasis
function by the homeostasis function level determining
means 624 are also constantly or periodically transmitted
to a management computer via a communication line,
and these data may be analyzed by the management
computer after the operation is finished.

[0072] The initial fatigue determining means 625 de-
termines presence of initial fatigue of the driver at the
start of driving. For determination of the initial fatigue, the
determination results in the homeostasis function level
determining means 624 are used. The homeostasis func-
tion level determining means 624 sequentially deter-
mines, as described above, the homeostasis function lev-
el (general determination of good/bad of physical condi-
tion) of the driver. Accordingly, this determination result
is used for determining whether or not the driver is in a
state that fatigue is already accumulated at the start of
driving. When fatigue is already accumulated at the start
of driving, in order to prompt to be particularly cautious
of sleepiness of 24-hour cycle by the circadian rhythm,
sleepiness of 12-hour cycle by the circasemidian rhythm,
and two-hour cycle by the ultradian rhythm, a message
or warning to take a rest is outputted at these timings.
The presence of initial fatigue is determined as follows.
The homeostasis function level in the homeostasis func-
tion level determining means 624, and normally the
homeostasis function level accompanying a biological
fluctuation also, proceed while fluctuating up and down
with passage of time. However, when being in a fatigue
state, this biological fluctuation also becomes small.
Therefore, the homeostasis function level proceeds at
any one of the levels, for example, in the state of home-
ostasis function level 1, the state of homeostasis function
level 4, or the like, without change for a predetermined
time. Accordingly, when such a state that there is no bi-
ological fluctuation continues for a predetermined time,
that is, when the same determination level is continuing
for a predetermined time or longer, it is determined as
the initial fatigue "present". FIG. 27(a) illustrates an ex-
ample of this, and the duration of the same homeostasis
function level is long since immediately after the start of
driving. Therefore, in the case of this subject, when this
duration is equal to or more than a set duration, it is de-
termined as the initial fatigue "present”.

[0073] Note that the initial fatigue determining means
625 is used for determining the presence of initial fatigue
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of the driver at the start of driving, and determine whether
ornotitis a state that break aftera few hours is particularly
needed, and is operated in a driving initial stage (how-
ever, in several minutes to ten minutes after the home-
ostasis function level determining means 624 is activated
since it uses the determination results of the homeostasis
function level determining means 624).

[0074] The determining and detecting means 62 is pre-
ferred to further have a feeling determining means 626
and a biological state determining means using history
627, and they function by executing a feeling determining
procedure and a biological state determining procedure
using history, which are computer programs.

[0075] The feeling determining means 626 is a means
obtaining an appearance balance of the sympathetic
nervous system and the parasympathetic nervous sys-
tem from an index related to the autonomic nervous sys-
tem control obtained from the analyzing and calculating
means 61 in the driving initial stage until a predetermined
time passes after the start of driving, and determining
this appearance balance with a predetermined criterion,
so as to obtain a biological state of the driver in the driving
initial stage.

[0076] The hypnagogic symptom phenomenon detect-
ing means 621, the imminent sleep phenomenon detect-
ing means 622, the subjective sleepiness/low conscious-
ness traveling state detecting means 623 and the home-
ostasis function level determining means 624 described
above use the frequency gradient time series waveform,
the distribution rates, and so on by the analyzing and
calculating means 61, butin order to obtain the frequency
gradient time series waveform, the distribution rates, and
soon, raw waveform data of the APW for a predetermined
time or longer are necessary, and they cannot be ob-
tained unless about several minutes passes after getting
in the vehicle. Accordingly, the feeling determining
means 626 obtains, asillustrated in FIG. 16, the gradient
of a frequency by processing by a least square method
the frequency fluctuation time series waveform which is
a calculation result of the frequency fluctuation calculat-
ing means 613 using the above peak detection method
of the analyzing and calculating means 61, and deter-
mines with it the appearance balance of the sympathetic
function and the parasympathetic function. Specifically,
the case where the gradient obtained by the least square
method is equal to or larger than a predetermined value
(XI) in the positive direction is determined as a state that
the sympathetic function has risen (for example, "feeling
good"), the case where it is equal to or smaller than a
predetermined value (-X2) in the negative direction is de-
termined as a state that the balance between the sym-
pathetic function and the parasympathetic function is bad
(for example, "feeling low"), and the case where it is in
middle of the both (between -X2 and Xl) is determined
as a state thatthe appearance balance between the sym-
pathetic function and the parasympathetic function is
achieved (for example, "feeling ok").

[0077] The feeling determining means 626 has a func-
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tion to notify the driver of this "feeling up", "feeling low"
or "feeling ok" by outputting it to the monitor, or the like.
The driving initial stage accompanies a status change
from a non-driving state to being newly placed in a driving
environment, and an ability to respond to this driving en-
vironment varies from person to person, or even in a
same person it varies depending on the physical condi-
tion of the present day or the sleeping time of the previous
day, or the like and the degree of progress of subsequent
fatigue also varies depending on the ability to respond.
However, when the driver becomes aware of his or her
state at the present time still in a state of tension in the
driving initial stage, subsequent improvement in degree
of concentration on the driving can be expected. Note
that the initial fatigue determining means 625 determines
the biological state of the driver at the start of driving by
a simple method, and thus operates only in an initial pe-
riod until a predetermined time passes after the start of
driving. Thereafter, changes of the biological sate of the
driver are detected sequentially by the hypnagogic symp-
tom phenomenon detecting means 621, the imminent
sleep phenomenon detecting means 622, the subjective
sleepiness/low consciousness traveling state detecting
means 623 and the homeostasis function level determin-
ing means 624 described above.

[0078] The biological state determining means using
history 627 determines the biological state of the driver
by using history information as determination results of
the hypnagogic symptom phenomenon detecting means
621, the imminent sleep phenomenon detecting means
622, the subjective sleepiness/low consciousness
traveling state detecting means 623 and the homeostasis
function level determining means 624 described above.
Determination results of them are sequentially stored in
a storage unit (may be any of a storage unit of an onboard
computer and a storage unit of a remote management
computer) of the device for determining biological state
during driving 60 of this embodiment constituted of a com-
puter, and the biological state determining means using
history 627 is structured to sequentially read their infor-
mation. The biological state determining means using
history 627, for example, displays the homeostasis func-
tion level in six stages, and among them, when levels 1
to 3 are determined as a normal to a good state, and
levels 4 to 6 as a state that requires attention, a history
point A (caution point) is added in time series according
to the duration of the levels 4 to 6. The homeostasis func-
tion level, for example when set to be plotted with one
point per several seconds, can be measured by counting
the point number at this level. Further, when the hypna-
gogic symptom phenomenon or the imminent sleep phe-
nomenon is detected by the hypnagogic symptom phe-
nomenon detecting means 622 or the imminent sleep
phenomenon detecting means 623, a history point B
(cheering point) is added in time series. Moreover, when
the subjective sleepiness or the low consciousness
traveling state is detected by the subjective sleepi-
ness/low consciousness traveling state detecting means
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623, a history point C (warning point) is added in time
series (see FIG. 17).

[0079] Then, when the change in the time series of the
history points Ato Cisina predetermined state, awarning
is outputted separately from the above-described warn-
ing when the hypnagogic symptom phenomenon, the im-
minent sleep phenomenon, the subjective sleepiness or
the low consciousness traveling state described above
is detected or the warning by a level determination result
of the homeostasis function. In what state the warning
should be outputted can be set arbitrarily, but for exam-
ple, as illustrated in FIG. 17, when the history point C
based on the determination result of the subjective sleep-
iness/low consciousness traveling state detecting means
623 increases by a predetermined value or more and
moreover the history point B based on the determination
results of the hypnagogic symptom phenomenon detect-
ing means 621 and the imminent sleep phenomenon de-
tecting means 622 increases by a predetermined value
or more from a state that the history point A at the level
of the homeostasis function is many, generally substan-
tial fatigue has accumulated by long time driving and it
is conceivable to require a break immediately, and thus
it is set to output a strong warning.

[0080] As described above, according to this embodi-
ment, the biological state of the driver and a change of
the biological state until coming to drive dozing are
grasped from multiple aspects (the hypnagogic symptom
phenomenon, the imminent sleep phenomenon, the sub-
jective sleepiness, and the low consciousness traveling
state). Further, they are constantly checked and the
means checking the homeostasis function level imple-
mented conventionally by the present applicant is used
together, and information thereof is obtained as history
information and the biological state of the driver is deter-
mined by using this history information. Therefore, the
biological state of the driver can be grasped with higher
accuracy than conventional ones, which is preferred for
determination of the biological state during driving.
[0081] Note thatitis possible to make a setting to out-
put the determination result to an onboard device, but it
can also be structured to transmit the determination result
to acomputer of an operation manager via an appropriate
communication network, as described above. In this
case, the operation manager can grasp the biological
state of the driver even when being at a remote location,
which helps a more appropriate operation management.
Further, in an operation company of trucks, buses, taxis,
or the like, after a predetermined operation is completed,
the determination results of the driver can further be an-
alyzed. For example, by daily accumulating the above-
described determination results, on what conditions this
driver reaches the subjective sleepiness, the low con-
sciousness traveling state, the hypnagogic symptom
phenomenon, or the imminent sleep phenomenon can
be determined, and this can be made aware of by the
driver or used for physical condition management of the
driver.
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(Experimental Example 1)

(Detection of the subjective sleepiness during driving by
the subjective sleepiness/low consciousness traveling
state detecting means 623 (second subjective sleepi-
ness/low consciousness traveling state detecting means
623b))

[0082] A biological evaluation (static experiment) until
the subjective sleepiness occurs from wakefulness in an
actual vehicle idling state and a biological evaluation (dy-
namic experiment) when the subjective sleepiness oc-
curs during actual vehicle traveling were performed.
[0083] The static experiment was for 60 minutes, and
measurement indexes were the APW and a subjective
evaluation with respect to the subjective sleepiness. The
APW was measured continuously during the experiment,
and the subjective evaluation was evaluated before the
start of experiment and every passage of five minutes
after the start of experiment. A visual analog scale was
used for the subjective evaluation. Further, subjects were
instructed not to sleep during the experiment. The sub-
jects were eight males in their twenties and thirties who
are healthy, agreed in advance upon explanation of the
experiment and sufficient understanding of the experi-
ment. In the dynamic experiment, an evaluation was per-
formed targeting at 89 examples of data for a measure-
ment time of 30 minutes or more on calculations of dis-
tribution rates. An evaluation of the subjective sleepiness
was performed by pressing a monitor of a measurement
device at a timing it occurs. Note that the measurement
device was based on visual field standards for a driver
of an automobile or the like, which are defined by the
Ministry of Land, Infrastructure, Transport and Tourism
and placed within arm’s reach. An analysis of the APW
was performed by calculating the distribution rates of the
above-described three frequency components by fre-
quency-analyzing the frequency gradient time series
waveform by the second subjective sleepiness/low con-
sciousness traveling state detecting means 623b. Note
that for detection of the peak points of the distribution
rates, smoothing differentiation at 12 points was used.

- Static experiment results

[0084] FIG. 18(a) illustrates results of time series
waveforms of distribution rates of the APW measured by
the static experiment. In seven examples among the
eight subjects, the fatigue reception signal (0.0035 Hz)
outstood in the vicinity of occurrence of sleepiness, but
in none of them, appearance of peak values of the dis-
tribution rates of the function adjusting signal (0.0017
Hz), the fatigue reception signal (0.0035 Hz) and the ac-
tivity adjusting signal (0.0053 Hz) satisfied the following
relation: activity adjusting signal < function adjusting sig-
nal < fatigue reception signal (see FIG. 13 and FIG. 14).
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- Dynamic experiment results

[0085] FIG. 18(b) illustrates results of time series
waveforms of distribution rates of the APW measured in
the dynamic experiment. Imnmediately before occurrence
of subjective sleepiness, appearance of peak values of
the distribution rates of the function adjusting signal
(0.0017 Hz), the fatigue reception signal (0.0035 Hz) and
the activity adjusting signal (0.0053 Hz) satisfies the fol-
lowing relation: activity adjusting signal <function adjust-
ing signal < fatigue reception signal (see FIG. 13 and
FIG. 14).

[0086] Note thatresults of a chi-squared test when the
subjective sleepiness by the APW distribution rate was
detected at points where the subjective sleepiness oc-
curred in 89 examples as analysis targets and in the vi-
cinity thereof are as illustrated in FIG. 15(b) as described
above, in which a correct answer rate was 77% and p =
2.09 x 109

[0087] From results of FIGs. 18(a), (b) and FIG. 15(b),
it can be seen that detection of the subjective sleepiness
during driving is associated with peak predominance of
the distribution rate of very low frequency component of
the APW and the order of appearance thereof. However,
in the static experiment, it did not become a predeter-
mined order of appearance as in the dynamic experi-
ment, and thus reaction of a living body differs in a static
state and a dynamic state. This is conceivably because
the situation of driving is in an environment different from
a static state, in which it is necessary to strongly resist
sleepiness, there are many external stimuli, and it is an
environment where concentration is easy, and it can be
seen that the method of the present invention is suitable
for determination of the biological state during driving.
[0088] Further, regarding the frequency gradient time
series waveforms in 89 examples of the above-described
dynamic experiment, as illustrated in FIG. 19(a), the cas-
es where the amplitude value comes within a predeter-
mined set range and the cycle becomes a short cycle in
a predetermined set range were further detected by the
subjective sleepiness/low consciousness traveling state
detecting means 623. Many of them were data for which
comments are left, such as "l was absentminded", "my
consciousness was gone far away", or the like as com-
ments of the subjects after traveling (data with a possi-
bility of the low consciousness traveling state). Results
of the chi-squared test evaluating the detection result of
the subjective sleepiness or the low consciousness
traveling state by this frequency gradient time series
waveform and the detection result of the subjective sleep-
iness by the above-described distribution rates together
are FIG. 19(b), where the number of non-detections of
the subjective sleepiness and the low consciousness
traveling state was 4 (see FIG. 15(c)). From this, it can
be seen that, in addition to grasping the order of appear-
ance of the predetermined frequency components in the
distribution rates of the APW, grasping the low amplitude
of the frequency gradient time series waveform and its
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cycle becoming short are effective for detecting the sub-
jective sleepiness and the low consciousness traveling
state.

(Experimental Example 2)

(Detection of the hypnagogic symptom phenomenon by
the hypnagogic symptom phenomenon detecting means
621 by using the frequency gradient time series wave-
form)

[0089] A verification experiment for the relation be-
tween the timing when a diversion tendency in the fre-
quency gradient time series waveform appears and the
hypnagogic symptom phenomenon was performed. The
experiment was performed for both analysis of a finger
plethysmogram sampled by using a finger photoplethys-
mograph and analysis of the APW in the present inven-
tion. Note that a camera for observing the condition of a
subject was used together.

[0090] The experimental condition was a static state,
the experiment time was 60 minutes, and a premise was
made that the wakeful state should be maintained until
the end of experiment. Subjects were nine males and
one female in their twenties and thirties who are healthy
and non-disabled.

[0091] FIG. 20(a) illustrates a power value gradient
time series waveform of a fingertip pulse wave of one
subject. In the diagram, 40 to 45 minutes indicate the
time zone in which the sleepiness is increased most
based on a sensory evaluation. Further, it was suggested
that a dashed-line part is the hypnagogic symptom from
that the amplitude increases (increases from a to b) be-
fore the time zone in which the sleepiness increases and
the cycle becomes long (f becomes a long cycle).
[0092] FIG. 20(b) illustrates a frequency gradient time
series waveform of the APW. In the region of a dashed-
line part in the diagram, a tendency to diverge appears
before sleepinessincreases, and temporal timing match-
es with the dashed line part of FIG. 2, suggesting that it
is the hypnagogic symptom. The power value gradient
time series waveform of the fingertip pulse wave and the
frequency gradient time series waveform of the APW are
related with the sympathetic nerve activity, and thus itis
conceivable that a rise in the sympathetic nerve activity
is occurring while the amplitude of the waveform is di-
verging. It is conceivable that this rise in the sympathetic
nerve activity occurs as resistance to sleepiness.
[0093] FIGs. 21(a), (b) illustrate results of performing
afrequency analysis for each of 25 minutes before reach-
ing and 25 minutes after reaching a sleepiness peak in
FIGs. 20(a), (b). FIG. 21(a) is a frequency analysis result
of afingertip pulse wave power value gradient time series
waveform, and illustrates a comparison before and after
sleepiness reaches its peak. After the sleepiness reach-
es its peak, a decreasing tendency of the spectrum was
obtained. FIG. 21(b) is a frequency analysis result of the
frequency gradient time series waveform of the APW,
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and illustrates a comparison before and after sleepiness
reaches its peak. Similarly to the finger plethysmogram,
a decreasing tendency of the amplitude of the spectrum
was obtained. Further, a peak occurs in the vicinity of
0.0033 Hz in the frequency analysis before the sleepi-
ness peak including a diversion waveform, it is conceiv-
able that the divergence waveform includes the compo-
nent in the vicinity of 0.0033 Hz, suggesting a relation
with the hypnagogic symptom.

[0094] FIG. 22 illustrates a2 X 2 cross table regarding
the finger plethysmograms of ten subjects, and wakeful-
ness and hypnagogic symptom in the APW.

[0095] As a result of the chi-squared test, it is statisti-
cally significant because the P value is 0.05 or less, sug-
gesting a possibility that there is a relation between the
finger plethysmogram and the APW. From them, it is con-
ceivable that the divergence tendency in the frequency
gradient time series waveform of the APW indicates the
hypnagogic symptom phenomenon. FIG. 23 is an exam-
ple of data indicating a correlation of the frequency gra-
dient time series waveform of the APW sampled during
actual vehicle traveling and the presence of sleepiness.
A divergence tendency in FIG. 23 indicates a similar ten-
dency to the records of performing in the static state, and
thus it can be seen that the hypnagogic symptom phe-
nomenon can be identified by detecting a divergence
phenomenon of the frequency gradient time series wave-
form of the APW during actual vehicle traveling.

(Experimental Example 3)

(Detection of the imminent sleep phenomenon by the im-
minentsleep phenomenon detecting means 622 by using
the frequency gradient time series waveform)

[0096] A verification experiment for the relation of tim-
ing when a diversion tendency in the frequency gradient
time series waveform appears and the imminent sleep
phenomenon was performed.

[0097] Asthe experiment, a sleep experiment was per-
formed in two postures, a sitting posture and a lying pos-
ture, from a state of resisting sleep until accepting sleep
and entering sleep equivalent to a nap. Subjects are 56
males in their twenties to fifties (31.8 = 8.2 years old)
who are healthy and non-disabled. As comparison index-
es, there were used brain waves, electrocardiograms,
and finger plethysmograms, and they were compared
with the APW which is a measurement index in the
present invention. For 30 minutes after the start of ex-
periment, the subjects were obliged to maintain the wake-
ful state, and thereafter, this obligation was released and
it was left on the free will of them.

[0098] FIGs. 24 illustrate results of the sleep experi-
ment of a 24-year-old male subject. The subject re-
marked, "l was kept my wakeful state for 10 minutes in
the beginning, but after that | barely kept the wakeful
state while resisting sleepiness. After 30 minutes when
| was released from the obligation of maintaining the
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wakeful state, | quitted resisting sleepiness and soon
shifted to sleep in an early stage."

[0099] FIG. 24(a) illustrates distribution rates of 6
wave, o wave,  wave of brain waves. The 40-minute
point when the 0 wave increases, the o wave decreases,
and both the waves begin to stably change was taken as
a fallen asleep point. FIG. 24(b) illustrates activity levels
of the sympathetic nervous system (LF/HF) and the par-
asympathetic nervous system (HF) obtained by wavelet-
analyzing the finger plethysmogram. The HF stably main-
tains a high state after 40 minutes, the LF/HF stably in-
dicates a low numeric value, and it is conceivable that
the fallen asleep pointis around 40 minutes after the start
of experiment. FIG. 24(c) illustrates a gradient time series
waveform of power value and a gradient time series
waveform of a maximum Lyapunov index which are ob-
tained by performing a gradient time series analysis on
the finger plethysmogram. Until 30 minutes, a hypnagog-
ic symptom phenomenon with low frequency and large
amplitude is shown, and after 30 minutes, it tends to con-
verge with low amplitude to be a long cycle. Here, it is
also conceivable that the subject shifted to the sleep state
around 40 minutes. FIG. 24(d) illustrates the frequency
gradient time series waveform and the frequency fluctu-
ation time series waveform by the zero cross detection
method of the APW. From the frequency fluctuation time
series waveform, it can be seen that the frequency of the
APW largely changes largely from 1.15 Hzto 1 Hzin 10
minutes from 30 minutes to 40 minutes. Therefore, it is
conceivable that the subject was in the wakeful state for
30 minutes from the start of experiment, and then shifted
to the sleep state at 30 minutes to 35 minutes after the
start of experiment. In the frequency gradient time series
waveform, after 30 minutes, similarly to the gradient time
series waveform of the power value of the finger plethys-
mogram, it tends to converge with low amplitude and a
long cycle. Therefore, it can be seen that the imminent
sleep phenomenon immediately before the fallen asleep
point can be detected by detecting the timing of the con-
vergence tendency of the frequency gradient time series
waveform.

[0100] The above result matches the subject’s remark.
[0101] Here, the difference in state of the both was
verified assuming the 30 minutes from the start of exper-
iment as a state of resisting sleepiness and maintaining
to be wakeful (sleep resisting state), and 30 minutes of
the latter half as a state of accepting sleepiness and en-
tering sleep (sleep state). FIGs. 25(a), (b) illustrate fre-
quency analysis results of the sleep resisting state, and
FIGs. 26(a), (b) illustrate frequency analysis results of
the sleep state. The frequency analysis results of the
respective gradient time series waveforms of the finger
plethysmogram and the APW indicate the same tenden-
cy in both the sleepiness resisting state and the sleep
state. The gradient of the spectrum of the sleep state is
close to 1/f, and can be considered as a relaxed state of
parasympathetic nerve predominance. On the other
hand, the gradient of the spectrum of the sleep resisting
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state is close to 1/f2, indicating an angle different from
the gradient of the spectrum of the sleep state. It is con-
ceivable that this is because of the rise in the sympathetic
nerve activity due to resisting sleepiness.

[0102] Next, states of the 56 subjects were determined
by using the gradients of spectra of the respective gra-
dient time series waveforms of the finger plethysmogram
and the APW. For determination of the states by the gra-
dients of spectra of the finger plethysmogram and the
APW, angles 0 of gradients of spectra illustrated in FIGs.
25 and FIGs. 26 were used. As the gradients of spectra,
by adding a tendency in cases of mechanical processing,
54 degrees resulted from correcting +9 degrees to 45
degrees as a gradient angle of 1/f was set as a reference
value. Specifically, less than 54 degrees is assumed as
the sleep state, and equal to or more than 54 degrees is
assumed as the sleep resisting state. Whether a deter-
mination result is a pass or not was determined by com-
paring with the brain waves, the activity level of the au-
tonomic nervous system, and the subject's comment.
[0103] State determination results by using the gradi-
ents of spectra of the APW both indicated high correct
answer rates, the sleep resisting state being 82% and
the sleep state being 79%. State determination results
by using the gradients of spectra of the finger plethys-
mogram are the sleep resisting state being 74% and the
sleep state being 62%, which are somewhat low correct
answer rates as compared to the determination results
by the APW. The finger plethysmogram grasping the dy-
namic state of the peripheral circulation system is easily
affected by external stimuli, but since the APW grasps
the dynamic state of the central system, it is not easily
affected by external stimuli. That is, the APW can stably
grasp fluctuation of the heart-circulatory system, and it
is conceivable that the correct answer rate is high as
compared to the finger plethysmogram.

[0104] From these facts, it can be seen that whether
or not the amplitude and cycle of the frequency gradient
time series waveform of the APW indicates a tendency
to diverge with respect to a predetermined reference val-
ue and thereafter converge indicates the sleep resisting
state (the hypnagogic symptom phenomenon and the
imminent sleep phenomenon) before reaching the sleep
state. Therefore, it can be said that it is effective to detect
the hypnagogic symptom phenomenon from the diver-
sion tendency as described in Experimental Example 2
and to detect the imminent sleep phenomenon from the
conversion tendency as in this Experimental Example 3
by using the frequency gradient time series waveform of
the APW.

(Experimental Example 4)

(Demonstration experiment during long distance
traveling)

[0105] The biosignal measuring device 1 of the em-
bodiment was attached to a seat back of a track, and a
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demonstration experiment during long distance traveling
by a truck driver was performed. After operation, a ques-
tionnaire on his own physical condition at the time of op-
eration was carried out. Subjects were professional driv-
ers (9 males) in their twenties to fifties employed in trans-
portation industries, and the total operation number of all
the subjects was 91 times. FIGs. 27 illustrate a determi-
nation result of the male subject in his thirties, and FIGs.
28 illustrate a determination result of a male subject B in
his forties, (a) in each diagramillustrates the homeostasis
function level as a determination result of the homeosta-
sis function level determining means 624, and (b) to (d)
illustrate determination results of the biological state de-
termining means using history 627. (b) illustrates a his-
tory point B (cheering point) where the hypnagogic symp-
tom phenomenon or the imminent sleep phenomenon is
detected by the hypnagogic symptom phenomenon de-
tecting means 622 and the imminent sleep phenomenon
detecting means 623 and a history of a history point C
(warning point) where the subjective sleepiness or the
low consciousness traveling state is detected by the sub-
jective sleepiness/low consciousness traveling state de-
tecting means 623. (c) illustrates the number of cases
that the homeostasis function level is sequentially deter-
mined by the homeostasis function level determining
means 624 as a state requiring a caution as a history
point A (caution point) depending on the time. (d) illus-
trates the numbers of caution points, warning points and
cheering points taken on the vertical axis by bar graphs
over time, and a change tendency with a curve.

[0106] In the case of the male subject A illustrated in
FIG. 27, he departed an office at 8:00, performed desk
work in another office and outdoor work from 10:00 to
12:00, and started operation again from 12:20. A lunch
break was taken in middle for 30 minutes from 13:00.
There were an increase in tiredness by sequential cau-
tion points from 12:30 to 13:00 indicated by (A) and (I) in
the operation result graphs, sequential warning points
from 15:00 to 16:00 illustrated by (U), (E) in the diagram,
and appearance of a cheering point. This matched the
contents of a hearing from the male subject A after op-
eration. Further, curves (O) and (Ka) in FIG. 27 indicate
a degree of fatigue, and the male subject A is possibly
in a dangerous state around 15:00 when his work finish-
es.

[0107] In the case of the male subject B illustrated in
FIGs. 28, a time zone in which an increase in tiredness
is captured at (Ki) and (Ku) in the diagram, and a time
zone in which a dangerous state due to fatigue appears
is captured at (Ke) and (Ko) in the diagram. By thus in-
dexing the appearance of sleepiness and the degree of
progress of fatigue, a time zone to be in a dangerous
state could be estimated from the degree of fatigue.
[0108] Therefore, by analyzing such a determination
result by a computer of a manager, the degree of fatigue
of each driver and the timing when shifting to adangerous
state can be grasped, which is suitable for operation man-
agement.
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[0109] Notethatwhen various calculation results of the
analyzing and calculating means 61 and various deter-
mination results of the determining and detecting means
62 are further analyzed by a computer on the manager
side for performing operation management, for example,
management can be performed by allowing displaying
data as illustrated in FIGs. 27 and FIGs. 28 by driver. In
this case, as illustrated in FIG. 29, by displaying a more
detailed physical condition map together, the states of
drivers can be managed in more detail.

[0110] FIG. 29 is obtained from the time series wave-
form of the APW of a male subject C in his thirties, and
represents the states of physical conditions during oper-
ation as a physical condition map and a sensation re-
sponse map by a quantization method proposed by the
present applicant as Japanese Patent Application No.
2011-108909, and the like. In this diagram, the sampled
APW is frequency-analyzed, an analysis waveform is
represented by displaying on log-log axes, the analysis
waveform is separated into low frequency band, medium
frequency band, and high frequency band regarding a
target analysis section, scoring of the analysis wave-
forms is performed based on a constant reference from
gradients of separated analysis waveforms and the
shape of the whole analysis waveform, and it is plotted
on coordinate axes. The physical condition map is seeing
the condition of control of the autonomic nervous system
as a balance between the sympathetic nervous system
and the parasympathetic nervous system, and the sen-
sation response map is such that the condition of change
of a heartbeat fluctuation is superposed on the physical
condition map. Amounts of 13 operations are summa-
rized by week and physical condition (based on answers
of the questionnaire). The lower part illustrates question-
naire results related to physical conditions after opera-
tion, and this subject felt that his physical condition tend-
ed to worsen in the first half of the implementation period
and then tended to recover in the second half.

[0111] In the graphs by week, the physical condition
map changes from a distribution (Sa) rising to the right
centering on vigor (concentration/uplifted/irritated) and
exhausted (feel heavy, depressed) on the first week, to
a distribution (Shi) of falling to the right centering on calm
(relaxed) on the third week. Categorizing this by physical
condition, the group of answers "good" and "ordinary"
falls to the right and its distribution spreads toward the
calm, relaxed (Su, Se). This suggests that both the mind
and body tend to be relaxed, being able to perform the
driving easily. On the other hand, the group of answers
"bad" and "very bad" rises to the right on the physical
condition map, centering on vigor and exhausted but hav-
ing a small distribution of calm (So), the sensation map
has a large distribution of uplifted and a spread in a re-
laxed direction is small as compared to the group of
"good" and "ordinary", in which its rapid drop from exited
to calm can be seen (Ta). Note that the other drivers
resulted similarly.

[0112] By performing the operation management in
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this manner, a contribution to appropriate operation man-
agement can be made. Of course, this is merely an ex-
ample, and the contents of operation management are
not limited thereto. For example, the conditions of the
wakeful state and the sleep state of Experimental Exam-
ple 5, which will be described later, can be managed to-
gether, or moreover, not limited to by person, it can be
separated by road, by period, by season, or the like, so
as to perform analysis from various aspects.

(Experimental Example 5)

(Detection of the wakeful state and the sleep state by
using the frequency fluctuation time series waveform)

[0113] The degree of separation of the frequency fluc-
tuation time series waveform by the peak detection meth-
od and the frequency fluctuation time series waveform
by the zero cross detection method obtained by the fre-
quency fluctuation calculating means 613 was com-
pared, and a verification experiment on whether the
wakeful state and the sleep state can be determined or
not was performed.

[0114] To measure biosignals of the wakeful state and
the sleep state, a sleep introduction experiment was per-
formed in a supine position. Subjects are 11 males in
their twenties and thirties who are healthy and non-dis-
abled. At the same time as the APW, there were meas-
ured a finger plethysmogram, brain waves, and a men-
talis muscle electromyogram. The biosignal measuring
device 1 for measuring the APW was disposed between
the back of the subject and the bed. The measurement
time was 60 minutes, the subject was instructed not to
sleep during 30 minutes from the start of measurement,
andthe degree of sleepiness was evaluated in every pas-
sage of five minutes. Sleep after 30 minutes pass was
on the free will of the subjects.

[0115] The determination of the awaken state and the
sleep state were performed from observation, the brain
waves, and the mentalis muscle electromyogram of the
subject. FIG. 30(a) illustrates frequency spectra of the
finger plethysmogram for six minutes each in the wakeful
state and the sleep state. In the sleep state, it can be
seen that the predominant frequency is low as compared
to the wakeful state. Similar results were obtained from
11 subjects among the 11 subjects.

[0116] FIG. 30(b) illustrates the frequency spectra of
the APW for six minutes each in the wakeful state and
the sleep state. In the sleep state, it can be seen that the
predominant frequency is low as compared to the wakeful
state. Similar results were obtained from 11 subjects
among the 11 subjects. From the above, it can be seen
thatthe predominant frequencies of respective frequency
spectra of the finger plethysmogram and the APW match.
[0117] FIG. 30(c) illustrates the frequency fluctuation
time series waveforms of peak point and zero cross point
of the APW. In six minutes each of the wakeful state and
the sleep state, a difference in areas of waveforms be-
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tween the peak point and the zero cross point was cal-
culated and was evaluated as the degree of separation
of waveforms. In the sleep state, it can be seen that the
degree of separation is low as compared to the wakeful
state. Similar results were obtained from 11 subjects
among the 11 subjects.

[0118] The predominant frequencies of frequency
spectraofthe finger plethysmogram and the APW match,
and thus similarly to the finger plethysmogram, it is sug-
gested that the heartbeat fluctuation can be grasped also
by the APW. Further, the predominant frequencies of fre-
quency spectra of the both and frequency fluctuation of
the APW are lower in the sleepiness state than in the
wakeful state, and this matches that the heart rate de-
creases in the sleep state, suggesting that measure-
ments of the finger plethysmogram and the APW of this
experiment were performed correctly.

[0119] Itwas found thatthe degree of separation of the
frequency fluctuation time series waveforms of the peak
point and the zero cross point decreases in the sleep
state as compared to the wakeful state. If a frequency
fluctuation of the zero cross point grasps the sympathetic
nerve activity, it is conceivable that the frequency was
affected by a decrease in the sympathetic nerve activity
in the sleep state and decreased. If a frequency fluctua-
tion of the peak point grasps the sympathetic nerve ac-
tivity and the parasympathetic nerve activity, it is con-
ceivable that it was affected by a decrease in the sym-
pathetic nerve activity and a rise in the parasympathetic
nerve activity in the sleep state, and the frequency de-
creased largely than the zero cross point. As a result, it
is conceivable that the degree of separation of the fre-
quency fluctuation time series waveforms of the peak
point and the zero cross point decreased.

[0120] From this fact, the wakeful and sleep states can
be presumed by evaluating the degree of separation of
the frequency fluctuation time series waveforms of the
peak point and the zero cross point of the APW, that is,
setting whether it is separated more than a predeter-
mined reference value or not. Therefore, by using this,
by obtaining plural data of the degree of separation of
the wakeful state and the sleep state in advance and
setting thresholds from them, whether it is the wakeful
state or the sleep state or not can be determined auto-
matically as described above. Although normally the driv-
er would not fall asleep during driving, this can help to
detect emergency cases, and can be used by the man-
ager for grasping and analyzing when and what degree
the driver took a nap after operation.

[0121] Note that when the frequency spectra of the fin-
ger plethysmogram and the APW are compared, there
was a peak of spectrum in the vicinity of 0.6 Hz in the
frequency spectrum of the APW, indicating a high spec-
trum in the wakeful state than in the sleep state. Thus,
the APW contains information which is not present in the
finger plethysmogram, and it is suggested that it is more
effective for estimation of the wakeful state and the sleep
state than the finger plethysmogram. From the above, it
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is conceivable that there is a relation between the degree
of separation of the peak point and the zero cross point
of the APW and the spectrum in the vicinity of 0.6 Hz.
FIG. 31 is a result of checking whether the degree of
separation of the peak point and the zero cross point of
the APW illustrated in FIG. 30(c) and increase and de-
crease tendencies of the spectrum in the vicinity of 0.6
Hz of the APW illustrated in FIG. 30(b) become the same
or not. A result of the chi-squared test is p = 0.041 (p <
0.05) which suggests that the degree of separation of the
peak point and the zero cross point of the APW and the
spectrum in the vicinity of 0.6 Hz are related, and it can
be seen that using data of the APW is effective.

(Experimental Example 6)

(Consideration on arise in the sympathetic nerve activity
which occurs when coming to the processes of the wake-
ful sleepiness (low consciousness traveling state), the
hypnagogic symptom phenomenon, the imminent sleep
phenomenon)

[0122] FIGs. 32 are diagrams illustrating a result of a
sleep experiment of a male subject in his twenties who
is healthy and non-disabled. A method of experiment for
the sleeptestis similar to that of Experimental Example 5.
[0123] Sleep stages obtained from data of an electro-
encephalograph are illustrated in FIG. 32(a), and the dis-
tribution rates of o wave,  wave, 6 wave obtained from
the data of the electroencephalograph are illustrated in
FIG. 32(b). From these results, this subject goes back
and forth between wakefulness and sleep stage 1 until
about 15 minutes after the start of examination and from
25 minutes to 40 minutes. In self-declaration, he declared
sleepiness around 5 minutes, and declared that sleepi-
ness subsided little at 20 minutes by having a conversa-
tion. Then, he fell asleep from about 40 minutes.
[0124] When comparing this with the gradient time se-
ries waveform of the power value of the finger plethys-
mogram of FIG. 32(c), a waveform with large amplitude
is seen until about 35 minutes and the hypnagogic symp-
tom phenomenon occurred, and from about 40 minutes,
the amplitude became small and the imminent sleep phe-
nomenon occurred.

[0125] In an analysis result of the heartbeat fluctuation
of FIG. 32(d), there is a peak of LF/HF at 374 seconds
and 1490 seconds, and it can be seen that there is arise
in the sympathetic nerve activity. Thereafter, there is a
peak of HF at 437 seconds and 824 seconds, and it can
be seen that the parasympathetic nerve activity is acti-
vated. Therefore, also in this graph, it can be seen that
the hypnagogic symptom phenomenon and the imminent
sleep phenomenon appear in the above time zone.
[0126] FIGs. 32(e) to (h) are analysis results of the
APW, and in any of them it can be determined that the
subject undergoes the hypnagogic symptom phenome-
non and the imminent sleep phenomenon and falls
asleep atabout 40 minutes. For example, referring to the
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time series waveform of a zero cross gradient of (e), a
divergence tendency of the waveform can be seen
around 5 to 20 minutes and around 25 to 32 minutes and
this indicates the hypnagogic symptom phenomenon,
and around 35 to 40 minutes, the amplitude of waveform
decreases and converges, and the cycle becomes along
cycle thereafter, where it can be seen that the imminent
sleep phenomenon occurs. Therefore, the subject fell
asleep after 40 minutes.

[0127] The trendin the sleep experiment of this subject
is as described above, and in the time zone where the
subject goes back and forth between wakefulness and
sleep stage 1, he feels the subjective sleepiness as can
be seen from the self-declaration. Or, his eyes are open
but his consciousness level has decreased, being in a
state similar to the low consciousness traveling state al-
though not performing driving. Accordingly, in this time
zone, a detailed analysis was performed on a predeter-
mined time zone from 374 seconds where the sympa-
thetic nerve activity is rising.

[0128] FIGs. 33 illustrate waveforms of the biosignals
for 25 seconds from 374 seconds, (a) is raw waveform
of the finger plethysmogram, (b) is a second order differ-
ential waveform of the finger plethysmogram, (c) is a raw
waveform of the APW, (d) is a second order differential
waveform of the APW, and (e) is a raw waveform of the
heart sound. In all the waveforms of the APW, a distur-
bance can be seen in the waveform before and after 10
seconds from 378 seconds. This is similar to the raw
waveform of the heart sound. It can be presumed that,
in this period, the subjective sleepiness (equivalent to
the low consciousness traveling state) was felt, and the
rise in the sympathetic nerve activity occurred. However,
in the waveform of the finger plethysmogram, a distur-
bance occurred several seconds after that.

[0129] Accordingly, the APW was studied in further de-
tail. FIG. 34(a) illustrates a raw waveform for 30 seconds
from 378 seconds of the APW. Among them, frequency
analyses were performed and compared regarding 14
seconds (displayed as "0 - 14 sec" in the diagram) of 378
to 392 seconds including 6 seconds (displayed as "4 -
10 sec" in the diagram) of 382 to 388 seconds in which
there is a large disturbance of waveform, as well as 14
seconds ("14.1 - 28.1 sec" in the diagram) from 396.1 to
406.1 seconds including 6 seconds (displayed as "18.1
- 24 1 sec" in the diagram) of 396.1 to 402.1 seconds in
which both the amplitude and the cycle are stable.
[0130] (b) is a diagram illustrating raw waveforms of
two calculation sections for frequency analysis of respec-
tive 14 seconds of "0 - 14 sec" and "14.1 - 28.1 sec" by
overlapping, among which it can be seen that there is a
large displacementin phase (difference between the both
(time phase difference)) between six seconds of "4 - 10
sec" andsixseconds of "18.1-24.1 sec". Therefore, such
a displacement in phase indicates the rise in the sympa-
thetic nerve activity, (c) is a diagram illustrating only real
numbers taken by performing Fourier transform in the
two calculation sections for frequency analysis of 14 sec-
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onds, and it can be seen that there is a difference in the
vicinity of 0.4 to 0.6 Hz and the vicinity of 1.2 to 2 Hz
excluding the vicinity of 1 Hz. That is, when the rise in
the sympathetic nerve activity occurs, the peak becomes
relatively small in the vicinity of 1 Hz, but the peak con-
versely becomes relatively large in the vicinity of 0.4 to
0.6 Hz and in the vicinity of 1.2 to 2 Hz.

[0131] Further, one from a frequency analysis of the
waveform of "4 - 10 sec" and one from a frequency anal-
ysis by filtering 0.9 to 1.1 Hz in the vicinity of 1 Hz corre-
sponding to the frequency of the finger plethysmogram
were compared, (d) is a comparison result thereof in time
series, and (e) is a frequency analysis result thereof. It
can be seen that, from (d) there is a rising waveform in
the vicinities of 3.4 seconds and 4.2 seconds after filter-
ing, in (e) there is a peak in the vicinity of 0.4 to 0.6 Hz
and the vicinity of 1.2 to 2 Hz, the rise in the sympathetic
nerve activity can be detected by grasping a peak of a
frequency component in the APW, and from the timing
thereof the subjective sleepiness (equivalent to the low
consciousness traveling state) can be detected.

[0132] FIGs. 35 are diagrams comparing frequency
analysis results of waveforms one another for 14 seconds
(displayed as "4 - 18 sec" in the diagram) of 378 to 392
seconds and 14 seconds (displayed as "18 - 32 sec" in
the diagram) of 392 to 406 seconds in (a) raw waveform
of the finger plethysmogram, (b) second order differential
waveform of the finger plethysmogram, (c) raw waveform
ofthe APW, (d) second order differential waveform of the
APW, and (e) raw waveform of the heart sound. From
this diagram, the peaks in the vicinity of 0.4 t0 0.6 Hz and
the vicinity of 1.2 to 2 Hz indicating the rise in the sym-
pathetic nerve activity can be grasped in (c) raw wave-
form of the APW and (d) second order differential wave-
form of the APW, but they cannot be grasped in the finger
plethysmogram. Therefore, using the APW as a detected
waveform is suitable for detecting the subjective sleepi-
ness (equivalent to the low consciousness traveling
state) from the rise in the sympathetic nerve activity.
[0133] From these facts, effectiveness of using a de-
tection waveform of the APW and processing it as the
frequency gradient time series waveform can be under-
stood. Describing this point in detail, first, a change in
increase/decrease of the sympathetic nervous system
and the parasympathetic nervous system occurs in cy-
cles of about 5 to 10 minutes from FIG. 32(d), but the
rise in the sympathetic nervous system indicated in this
diagram appears as a base line fluctuation or a distur-
bance in waveform of the finger plethysmogram or the
APW which are illustrated in FIG. 33 and FIG. 34. On the
other hand, absolute value processing waveforms of gra-
dient time series waveforms of zero cross and peak of
the APW match the activity state of the autonomic nerv-
ous system by wavelet analysis of the finger plethysmo-
gram. However, when it is attempted to grasp only base
line fluctuation and increase/decrease of amplitude and
cycle of the raw waveform of the APW, it is just micro-
scopically seeing fluctuation of the moment thereof, and
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itis difficult to determine whether the living body is toward
wakefulness or toward sleep as a large tendency. Ac-
cordingly, it is appropriate to grasp with not only the raw
waveform of the APW but also the frequency gradient
time series waveform of the APW which is a waveform
obtained by changing it to a long cycle, and by which the
activity state of the autonomic nervous system can be
accurately determined, which appears as abase line fluc-
tuation or disturbance in waveform of the finger plethys-
mogram or the APW. That is, by grasping a large wave-
form with a long cycle as the frequency gradient time
series waveform, it also functions as a filter against a
negative feedback, which is not so effective, such as only
very slightly affecting a physical condition change when
anegative feedback is applied. In other words, an activity
of the autonomic nervous system changes one by one
according to stress, but a response of the living body to
stress does not change according to a momentarily
change of the autonomic nerve activity. A state change
of the living body to stress is brought by accumulation of
changes of the autonomic nerve activity. Therefore, it is
not possible to accurately predict a state change of the
living body by tracing momentary changes of the auto-
nomic nerve activity one by one. The tendency of the
living body to respond to stress can be grasped accu-
rately by globally grasping changes of the autonomic
nerve activity, and for this purpose, it is suitable to use
the frequency gradient time series waveform.

Industrial Availability

[0134] The presentinvention is not limited to the cases
where a biosignal measuring device is disposed in a driv-
er’s seat of an automobile to determine a biological state
of a driver, and can be applied by disposing the biosignal
measuring device on an operator’s seat or a cockpit of
various transportation apparatus, such as a train, an air-
plane, a ship, or the like.

Explanation of Reference Symbols

[0135]
1 biosignal measuring device
11 core pad

12 spacer pad

13 sensor

14 front film

15 rear film

60 device for determining biological state during driv-

ing
61 analyzing and calculating means
611  frequency calculating means
612  frequency gradient calculating means
613  frequency fluctuation calculating means
614  distribution rate calculating means
615 degree of change calculating means

62 determining and detecting means
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621  hypnagogic symptom phenomenon detecting
means

622  imminent sleep phenomenon detecting means

623  subjective sleepiness/low consciousness
traveling state detecting means

624  homeostasis function level determining means

625 initial fatigue determining means

626 feeling determining means

627  biological state determining means using history

Claims

1. Adevice for determining biological state during driv-

ing, the device being configured to determine a bio-
logical state of a driver in a driving environment by
using a biosignal sampled from a back of the driver
by a biosignal measuring device provided in a driv-
er's seat, the device comprising:

an analyzing and calculating means configured
to perform a predetermined calculation by using
a time series waveform of the biosignal; and

a determining and detecting means configured
to determine or detect the biological state by us-
ing a calculation result of the analyzing and cal-
culating means,

wherein the analyzing and calculating means
comprises:

a frequency calculating means configured
to obtain a time series waveform of a fre-
quency from the time series waveform of
the biosignal;

a frequency gradient calculating means
configured to set a time window with a pre-
determined overlap time and a predeter-
mined time width from the time series wave-
form obtained by the frequency calculating
means and to perform a movement calcu-
lation to obtain a gradient of the frequency
in every time window by using the time se-
ries waveform of the frequency obtained by
the frequency calculating means, and out-
put a time series change of the gradient of
the frequency obtained in every time win-
dow as a frequency gradient time series
waveform;

a frequency fluctuation calculating means
configured to perform a movement calcula-
tion to obtain an average value of the fre-
quency in every predetermined time win-
dow by using the time series waveform of
the frequency obtained by the frequency
calculating means, and output a time series
change of the average value of the frequen-
cy obtained in every time window as a fre-
quency fluctuation time series waveform;
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and

a means configured to extract frequency
components corresponding to a function
adjusting signal, a fatigue reception signal
and an activity adjusting signal which are
predefined from the frequency gradient time
series waveform obtained by the frequency
gradient calculating means and obtaining a
fluctuation of each of the frequency compo-
nents,

wherein the means configured to obtain a
fluctuation of frequency components corre-
sponding to the function adjusting signal,
the fatigue reception signal and the activity
adjusting signal comprises:

a distribution calculating means config-
ured to obtain, after the frequency com-
ponents of less than 0.01 Hz corre-
sponding to the function adjusting sig-
nal, the fatigue reception signal and the
activity adjusting signal are extracted,
distribution rates of the respective fre-
quency components in time series
when a total of values of power spectra
of the three frequency components is
100; and

a degree of change calculating means
configured to apply smoothing differen-
tiation to the time series distribution
rates obtained by the distribution rate
calculating means, and obtaina degree
of change of a distribution rate with re-
spect to at least one frequency compo-
nent from among the three frequency
components between arbitrary time
points on a time axis, and

wherein the determining and detecting
means comprises:

a hypnagogic symptom phenome-
non detecting means configured to
detect a hypnagogic symptom
phenomenon which is a physical
condition change phenomenon be-
fore falling asleep;

an imminent sleep phenomenon
detecting means configured to de-
tect an imminent sleep phenome-
non which is a physical condition
change phenomenon before falling
asleep occurring after the hypna-
gogic symptom phenomenon oc-
curs; and

a subjective sleepiness/low con-
sciousness traveling state detect-
ing means configured to detect a
subjective sleepiness which is be-
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ing conscious of a sleepiness by
oneself or a low consciousness
traveling state due to a decrease
in consciousness level,

wherein the hypnagogic symptom
phenomenon detecting means
comprises a means configured to
subject the frequency gradient
time series waveform obtained by
the frequency gradient calculating
means to smoothing differentiation
and to determine that it is a hypn-
agogic symptom phenomenon
when an increase tendency of am-
plitude is detected in the smoothing
differentiation waveform when a
ratio of magnitude with the ampli-
tude value of one previous data
pieceis equalto ormorethanapre-
determined multiple and a prede-
termined time or longer has passed
from the time when the amplitude
value of one previous data piece is
obtained;

wherein the imminent sleep phe-
nomenon detecting means com-
prises a means configured to sub-
jectthe frequency gradienttime se-
ries waveform obtained by the fre-
quency gradient calculatingmeans
to smoothing differentiation and to
determine that it is an imminent
sleep phenomenon when a con-
vergence tendency of amplitude is
detected in the smoothing differen-
tiation waveform when a ratio of
magnitude with the amplitude val-
ue of one previous data piece is
equal to or less than a fraction of a
predetermined number and a val-
ue of smoothing differentiation
waveform falls within a predeter-
mined range sequentially by a pre-
determined calculation point or
more; and

wherein the subjective sleepi-
ness/low consciousness traveling
state detecting means comprises
a means configured to detect a
light sleepiness or a momentary
low consciousness traveling state
on a condition that the distribution
rate of the frequency component
corresponding to the function ad-
justing signal among the three fre-
quency components obtained by
the distribution rate calculating
means is equal to or higher than
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the distribution rate of the frequen-
cy component corresponding to
the activity adjusting signal and a
means configured to detect the
light sleepiness or the momentary
low consciousness traveling state
on a condition that a degree of
change of the frequency compo-
nent corresponding to the function
adjusting signalas wellas adegree
of change of the frequency compo-
nent corresponding to the activity
adjusting signal, among the three
frequency components obtained
by the degree of change calculat-
ing means, are equal to or larger
than a predetermined value by ab-
solute value,

wherein the hypnagogic symptom
phenomenon detecting means, the
imminent sleep phenomenon de-
tecting means, and the subjective
sleepiness/low consciousness
traveling state detecting means
are configured to function in paral-
lel to detect the hypnagogic symp-
tom phenomenon, the imminent
sleep phenomenon and the light
sleepiness or the momentary low
consciousness traveling state.

The device for determining biological state during
driving according to claim 1,

wherein the subjective sleepiness/low conscious-
ness traveling state detecting means comprises a
means configured to determine whether a basic state
of the driver is a relaxed state or a state of tension,
and select a determination criterion for whether or
not to correspond to the light sleepiness or the mo-
mentary low consciousness traveling state depend-
ing on whether the determined basic state is a re-
laxed state or a state of tension.

The device for determining biological state during
driving according to claim 1 or claim 2,

wherein the subjective sleepiness/low conscious-
ness traveling state detecting means further com-
prises a means configured to detect a strong sleep-
iness or a continuous low consciousness traveling
state when respective peak values of the time series
waveforms of distribution rates of the three frequen-
cy components obtained by the distribution rate cal-
culating means are values which appear in a prede-
termined order within a range of difference in prede-
termined appearance time, and satisfy a predeter-
mined distribution rate condition.

The device for determining biological state during
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driving according to claim 3,

wherein the means configured to detect the strong
sleepiness or the continuous low consciousness
traveling state in the subjective sleepiness/low con-
sciousness traveling state detecting means is con-
figured to determine the strong sleepiness or the
continuous low consciousness traveling state when
appearance times of peak values satisfying the pre-
determined distribution rate condition of the three
frequency components obtained by the distribution
rate calculating means satisfy a following relation:
activity adjusting signal < function adjusting signal <
fatigue reception signal, where a difference in ap-
pearance times of the peak values of the activity ad-
justing signal and the fatigue reception signal is with-
in a predetermined time.

The device for determining biological state during
driving according to any one of claims 1 to 4,

wherein the subjective sleepiness/low conscious-
ness traveling state detecting means further com-
prises a means configured to determine a subjective
sleepiness or a low consciousness traveling state
when a convergence tendency of amplitude is de-
tected with respect to a predetermined criterion in
the frequency gradient time series waveform ob-
tained by the frequency gradient calculating means.

The device for determining biological state during
driving according to any one of claims 1 to 5,
wherein the determining and detecting means fur-
ther comprises a homeostasis function level deter-
mining means configured to determine a level of ad-
aptation ability of a homeostasis function and an in-
itial fatigue determining means configured to deter-
mine presence of an initial fatigue at a start of driving,
and

wherein the initial fatigue determining means is con-
figured to determine that the driver has an initial fa-
tigue when a same homeostasis function level con-
tinues for a predetermined time or more in the home-
ostasis function level determining means.

The device for determining biological state during
driving according claim 6,

wherein the determining and detecting means fur-
ther comprises a feeling determining means config-
ured to determine a biological state in an early period
of driving until a predetermined time passes after the
driving is started.

The device for determining biological state during
driving according to claim 6 or claim 7, further com-
prising

a biological state determining means using history
configured to determine a biological state of a driver
by using history information of determination results
obtained by the hypnagogic symptom phenomenon
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detecting means, the imminent sleep phenomenon
detecting means, the subjective sleepiness/low con-
sciousness traveling state detecting means and the
homeostasis function level determining means.

A computer program causing the device for deter-
mining biological state during driving of claim 1, the
device determining a biological state of a driver in a
driving environment by using a biosignal sampled
from a back of the driver by a biosignal measuring
device provided in a driver’'s seat, to execute:

an analyzing and calculating procedure per-
forming a predetermined calculation by using a
time series waveform of the biosignal; and

a determining and detecting procedure deter-
mining or detecting the biological state by using
a calculation result of the analyzing and calcu-
lating procedure, and

to execute, as the analyzing and calculating pro-
cedure:

a frequency calculating procedure obtain-
ing a time series waveform of a frequency
from the time series waveform of the biosig-
nal;

a frequency gradient calculating procedure
setting a time window with a predetermined
overlap time and a predetermined time
width from the time series waveform ob-
tained by the frequency calculating proce-
dure and performing a movement calcula-
tion to obtain a gradient of the frequency in
every time window by using the time series
waveform of the frequency obtained by the
frequency calculating means, and output-
ting a time series change of the gradient of
the frequency obtained in every time win-
dow as a frequency gradient time series
waveform;

a frequency fluctuation calculating proce-
dure performing a movement calculation to
obtain an average value of the frequency in
every predetermined time window by using
the time series waveform of the frequency
obtained by the frequency calculating
means, and outputting a time series change
of the average value of the frequency ob-
tained in every time window as a frequency
fluctuation time series waveform; and

a procedure extracting frequency compo-
nents corresponding to a function adjusting
signal, a fatigue reception signal and an ac-
tivity adjusting signal which are predefined
from the frequency gradient time series
waveform obtained by the frequency gradi-
ent calculating means and obtaining a fluc-
tuation of each of the frequency compo-
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nents,

to execute, as the procedure obtaining a
fluctuation of frequency components corre-
sponding to the function adjusting signal,
the fatigue reception signal and the activity
adjusting signal:

a distribution calculating procedure ob-
taining, after the frequency compo-
nents of less than 0.01 Hz correspond-
ing to the function adjusting signal, the
fatigue reception signal and the activity
adjusting signal are extracted, distribu-
tion rates of the respective frequency
components in time series when a total
of values of power spectra of the three
frequency components is 100; and

a degree of change calculating proce-
dure applying smoothing differentiation
to the time series distribution rates ob-
tained by the distribution rate calculat-
ing means, and obtaining a degree of
change of a distribution rate with re-
spect to at least one frequency compo-
nent from among the three frequency
components between arbitrary time
points on a time axis, and

to execute, as the determining and de-
tecting procedure:

a hypnagogic symptom phenome-
non detecting procedure detecting
a hypnagogic symptom phenome-
non which is a physical condition
change phenomenon before falling
asleep;

an imminent sleep phenomenon
detecting procedure detecting an
imminent sleep phenomenon
which is a physical condition
change phenomenon before falling
asleep occurring after the hypna-
gogic symptom phenomenon oc-
curs; and

a subjective sleepiness/low con-
sciousness traveling state detect-
ing procedure detecting a subjec-
tive sleepiness which is being con-
scious of a sleepiness by oneself
or a low consciousness traveling
state due to a decrease in con-
sciousness level,

to execute, as the hypnagogic
symptom phenomenon detecting
procedure, a procedure subjecting
the frequency gradient time series
waveform obtained by the frequen-
cy gradient calculating procedure
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to smoothing differentiation and
determining that it is a hypnagogic
symptom phenomenon when an
increase tendency of amplitude is
detected in the smoothing differen-
tiation waveform when a ratio of
magnitude with the amplitude val-
ue of one previous data piece is
equal to or more than a predeter-
mined multiple and a predeter-
mined time or longer has passed
from the time when the amplitude
value of one previous data piece is
obtained;

to execute, as the imminent sleep
phenomenon detecting procedure,
a procedure subjecting the fre-
quency gradient time series wave-
form obtained by the frequency
gradient calculating procedure to
smoothing differentiation and de-
termining that it is an imminent
sleep phenomenon when a con-
vergence tendency of amplitude is
detected in the smoothing differen-
tiation waveform when a ratio of
magnitude with the amplitude val-
ue of one previous data piece is
equal or less than a fraction of a
predetermined number and a val-
ue of smoothing differentiation
waveform falls within a predeter-
mined range sequentially by a pre-
determined calculation point or
more; and

to execute, as the subjective sleep-
iness/low consciousness traveling
state detecting procedure, a proce-
dure detecting a light sleepiness or
a momentary low consciousness
traveling state on a condition that
the distribution rate of the frequen-
cy component corresponding to
the function adjusting signal
among the three frequency com-
ponents obtained by the distribu-
tion rate calculating means is equal
to or higher than the distribution
rate of the frequency component
corresponding to the activity ad-
justing signal and a procedure de-
tecting the light sleepiness or the
momentary low consciousness
traveling state on a condition that
a degree of change of the frequen-
cy component corresponding to
the function adjusting signal as well
as a degree of change of the fre-
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quency component corresponding
to the activity adjusting signal,
among the three frequency com-
ponents obtained by the degree of
change calculating means, are
equal to or larger than a predeter-
mined value by absolute value,
wherein the hypnagogic symptom
phenomenon detecting procedure,
the imminent sleep phenomenon
detecting procedure and the sub-
jective sleepiness/low conscious-
ness traveling state detecting pro-
cedure are executed in parallel to
detect the hypnagogic symptom
phenomenon, the imminent sleep
phenomenon and the light sleepi-
ness or the momentary low con-
sciousness traveling state.

Patentanspriiche

1.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens, wobei die Vorrichtung
konfiguriertist, um einen biologischen Zustand eines
Fahrers in einer Fahrumgebung unter Verwendung
eines Biosignals zu bestimmen, das von einem Rui-
cken des Fahrers durch eine Biosignal-Messvorrich-
tung abgetastet wird, die in einem Fahrersitz bereit-
gestellt ist, wobei die Vorrichtung umfasst:

ein Analyse- und Berechnungsmittel, das konfi-
guriert ist, um eine vorbestimmte Berechnung
unter Verwendung einer Zeitreihenwellenform
des Biosignals durchzufiihren; und

ein Bestimmungs- und Erfassungsmittel, das
konfiguriert ist, um den biologischen Zustand
unter Verwendung eines Berechnungsergeb-
nisses des Analyse- und Berechnungsmittels zu
bestimmen oder zu erfassen,

wobei das Analyse- und Berechnungsmittel um-
fasst:

ein Frequenzberechnungsmittel, das konfi-
guriert ist, um eine Zeitreihenwellenform ei-
ner Frequenz aus der Zeitreihenwellenform
des Biosignals zu erhalten;

ein Frequenzgradienten-Berechnungsmit-
tel, das konfiguriert ist, um ein Zeitfenster
mit einer vorbestimmten Uberlappungszeit
und einer vorbestimmten Zeitdauer aus der
Zeitreihenwellenform, die durch das Fre-
quenzberechnungsmittel erhalten wurden,
einzustellen und eine Bewegungsberech-
nung durchzufiihren, um einen Gradienten
der Frequenz in jedem Zeitfenster unter
Verwendung der Zeitreihenwellenform der

10

15

20

25

30

35

40

45

50

55

29

56

Frequenz, die durch das Frequenzberech-
nungsmittel erhalten wurde, zu erhalten,
und um eine Zeitreihenanderung des Gra-
dienten der Frequenz, die in jedem Zeit-
fenster erhalten wurde, als eine Frequenz-
gradienten-Zeitreihenwellenform auszuge-
ben;

ein Frequenzfluktuations-Berechnungsmit-
tel, das konfiguriert ist, um eine Bewe-
gungsberechnung durchzufiihren, um ei-
nen Mittelwert der Frequenz in jedem vor-
bestimmten Zeitfenster unter Verwendung
der Zeitreihenwellenform der Frequenz, die
durch das Frequenzberechnungsmittel er-
halten wurde, zu erhalten, und um eine Zeit-
reihenanderung des Mittelwerts der in je-
dem Zeitfenster erhaltenen Frequenz als ei-
ne Frequenzfluktuations-Zeitreihenwellen-
form auszugeben; und

ein Mittel, das konfiguriertist, um Frequenz-
komponenten zu extrahieren, die einem
Funktionsstellsignal, einem Ermudungs-
empfangssignal und einem Aktivitatsstellsi-
gnalentsprechen, die aus der Frequenzgra-
dienten-Zeitreihenwellenform vordefiniert
sind, die durch das Frequenzgradienten-
Berechnungsmittel und Erhalten einer Fluk-
tuation jederder Frequenzkomponenten er-
halten wird,

wobei das Mittel, das konfiguriert ist, um ei-
ne Fluktuation von Frequenzkomponenten
zu erhalten, die dem Funktionsstellsignal,
dem Ermudungsempfangssignal und dem
Aktivitatsstellsignal entsprechen, umfasst:

ein Verteilungsberechnungsmittel, das
konfiguriert ist, um, nachdem die Fre-
quenzkomponenten von weniger als
0,01 Hz, die dem Funktionsstellsignal,
dem Ermidungsempfangssignal und
dem Aktivitatsstellsignal entsprechen,
extrahiertwurden, Verteilungsraten der
jeweiligen Frequenzkomponenten in
Zeitreihen zu erhalten, wenn die Sum-
me der Werte der Leistungsspektren
der drei Frequenzkomponenten 100
betragt; und

ein Anderungsgrad-Berechnungsmit-
tel, das konfiguriert ist, um eine Glat-
tungsdifferenzierung auf die Zeitrei-
henverteilungsraten anzuwenden, die
durch das Verteilungsraten-Berech-
nungsmittel erhalten wurden, und ei-
nen Anderungsgrad einer Verteilungs-
rate in Bezug auf mindestens eine Fre-
quenzkomponente aus den drei Fre-
quenzkomponenten zwischen beliebi-
gen Zeitpunkten auf einer Zeitachse zu
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erhalten, und bevorstehenden Schlafes ein Mit-
wobei das Bestimmungs- und Erfas- tel umfasst, das konfiguriert ist, um
sungsmittel umfasst: die durch das Frequenzgradien-

ten-Berechnungsmittel erhaltene

ein Mittel zum Erfassen eines Pha- % Frequenzgradienten-Zeitreihen-
nomens eines hypnagogen Symp- wellenform einer Glattungsdiffe-
toms, das konfiguriert ist, um ein renzierung zu unterziehen und um
Phanomen eines hypnagogen zu bestimmen, dass es sich um ein
Symptoms zu erfassen, das ein Phanomen eines unmittelbar be-
Phanomen der Anderung des kér- 10 vorstehenden Schlafes handelt,
perlichen Zustands vor dem Ein- wenn eine Konvergenzneigung
schlafen ist; der Amplitude in der Glattungsdif-
ein Mittel zum Erfassen eines Pha- ferenzierungswellenform erfasst
nomens eines unmittelbar bevor- wird, wenn ein GroRenverhaltnis
stehenden Schlafes, das konfigu- 15 zum Amplitudenwert eines vorhe-
riert ist, um ein Phanomen eines rigen Datenstlicks gleich oder klei-
unmittelbar bevorstehenden ner als ein Bruchteil einer vorbe-
Schlafes zu erfassen, das ein Pha- stimmten Zahl ist und ein Wert der
nomen der Anderung des kérperli- Glattungsdifferenzierungswellen-
chen Zustands vor dem Einschla- 20 form sequentiell um einen vorbe-
fen ist, welches nach dem Auftre- stimmten Berechnungspunkt oder
ten des Phanomens eines hypna- mehr in einen vorbestimmten Be-
gogen Symptoms auftritt; und reich fallt; und
ein Mittel zum Erfassen eines sub- wobei das Mittel zum Erfassen des
jektiven Schlafrigkeits-/Niedrigbe- 25 subjektiven Schlafrigkeits-/Nied-
wusstseins-Reisezustands, das rigbewusstseins-Reisezustands
konfiguriert ist, um eine subjektive ein Mittel umfasst, das konfiguriert
Schlafrigkeit zu erfassen, die ein ist, um eine leichte Schlafrigkeit
eigenes Bewusstsein der Schlaf- oder einen momentanen Niedrig-
rigkeit oder eines Niedrigbewusst- 30 bewusstseins-Reisezustand unter
seins-Reisezustands aufgrund ei- einer Bedingung zu erfassen, dass
ner Abnahme des Bewusstseins- die Verteilungsrate der Frequenz-
niveaus ist, komponente, die dem Funktions-
wobei das Mittel zum Erfassen ei- stellsignal unter den drei Fre-
nes Phanomens eines hypnago- 35 quenzkomponenten  entspricht,
gen Symptoms ein Mittel umfasst, die von dem Verteilungsraten-Be-
das konfiguriert ist, um die durch rechnungsmittel erhalten werden,
das Frequenzgradienten-Berech- gleich oder gréRer ist als die Ver-
nungsmittel erhaltene Frequenz- teilungsrate der Frequenzkompo-
gradienten-Zeitreihenwellenform 40 nente, die dem Aktivitatsstellsignal
einer Glattungsdifferenzierung zu entspricht, und ein Mittel, das kon-
unterziehen und um zu bestim- figuriert ist, um die leichte Schlaf-
men, dass es sich um ein Phano- rigkeit oder den momentanen
men eines hypnagogen Symptoms Niedrigbewusstseins-Reisezu-
handelt, wenn eine Anstiegsnei- 45 stand unter einer Bedingung zu er-
gung der Amplitude in der Glat- fassen, dass ein Anderungsgrad
tungsdifferenzierungswellenform der Frequenzkomponente, der
erfasst wird, wenn ein GroRenver- dem Funktionsstellsignal ent-
haltnis zum Amplitudenwert eines spricht, sowie ein Anderungsgrad
vorherigen Datenstlicks gleich 50 der Frequenzkomponente, der
oder groRer als ein vorbestimmtes dem  Aktivitatsstellsignal  ent-
Vielfaches ist und eine vorbe- spricht, unter den drei Frequenz-
stimmte Zeit oder mehr seit der komponenten, die durch das An-
Zeit, zu dem der Amplitudenwert derungsgrad-Berechnungsmittel
55

eines vorherigen Datenstiicks er-
halten wurde, vergangen ist;

wobei das Mittel zum Erfassen ei-
nes Phanomens eines unmittelbar

30

erhaltenwurden, gleich oderum ei-
nen Absolutwert gréRer als ein vor-
bestimmter Wert sind,

wobei das Mittel zum Erfassen ei-
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nes Phanomens eines hypnago-
gen Symptoms, das Mittel zum Er-
fassen eines Phanomens eines
unmittelbar bevorstehenden
Schlafes und das Mittel zum Erfas-
sen eines subjektiven Niedrigbe-
wusstseins-Reisezustands konfi-
guriert sind, um parallel zu funkti-
onieren, um das Phdnomen eines
hypnagogen Symptoms, das Pha-
nomen eines unmittelbarbevorste-
henden Schlafes und die leichte
Schlafrigkeit oder den momenta-
nen Niedrigbewusstseins-Reise-
zustand zu erfassen.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens nach Anspruch 1,
wobei das Mittel zum Erfassen eines subjektiven
Niedrigbewusstseins-Reisezustands ein Mittel um-
fasst, das konfiguriert ist, um zu bestimmen, ob ein
Grundzustand des Fahrers ein entspannter Zustand
oder ein angespannter Zustand ist, und um ein Be-
stimmungskriterium auszuwahlen, ob er der leichten
Schlafrigkeit oder dem momentanen Niedrigbe-
wusstseins-Reisezustand entspricht oder nicht, ab-
hangig davon, ob der bestimmte Grundzustand ein
entspannter Zustand oder ein angespannter Zu-
stand ist.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens nach Anspruch 1 oder
2,

wobei das Mittel zum Erfassen des subjektiven
Schlafrigkeits-/Niedrigbewusstseins-Reisezu-
stands weiter ein Mittel umfasst, das konfiguriert ist,
um eine starke Schlafrigkeit oder einen andauern-
den Niedrigbewusstseins-Reisezustand zu erfas-
sen, wenn die jeweiligen Spitzenwerte der Zeitrei-
henwellenformen von Verteilungsraten der drei Fre-
quenzkomponenten, die durch das Verteilungsra-
ten-Berechnungsmittel erhalten wurden, Werte sind,
die in einer vorbestimmten Reihenfolge innerhalb ei-
nes Differenzbereichs in einer vorbestimmten Er-
scheinungszeit erscheinen und eine vorbestimmte
Verteilungsratenbedingung erfiillen.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens nach Anspruch 3,

wobei das Mittel, das konfiguriert ist, um die starke
Schlafrigkeit oder den andauernden Niedrigbe-
wusstseins-Reisezustand in dem subjektiven
Schlafrigkeits-/Niedrigbewusstseins-Reisezustand-
serfassungsmittel zu erfassen, konfiguriert ist, um
die starke Schlafrigkeit oder den andauernden Nied-
rigbewusstseins-Reisezustand zu bestimmen, wenn
die Erscheinungszeiten von Spitzenwerten, die die
vorbestimmte Verteilungsratenbedingung der drei
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durch das Verteilungsraten-Berechnungsmittel er-
haltenen Frequenzkomponenten erfillen, eine fol-
gende Beziehung erfillen:

Aktivitatsstellsignal < Funktionsstellsignal < Ermi-
dungsempfangssignal, wobei eine Differenz in den
Erscheinungszeiten der Spitzenwerte des Aktivitats-
stellsignals und des Ermidungsempfangssignals in-
nerhalb einer vorbestimmten Zeit liegt.

Vorrichtung zum Bestimmen des biologischen Zu-
stands wahrend des Fahrens nach einem der An-
spriiche 1 bis 4,

wobei das Mittel zum Erfassen eines subjektiven
Schlafrigkeits-/Niedrigbewusstseins-Reisezu-
stands weiter ein Mittel umfasst, das konfiguriert ist,
um eine subjektive Schlafrigkeit oder einen Niedrig-
bewusstseins-Reisezustand zu bestimmen, wenn
eine Konvergenzneigung der Amplitude in Bezug auf
ein vorbestimmtes Kriterium in der Frequenzgradi-
enten-Zeitreihenwellenform erfasst wird, die durch
das Frequenzgradienten-Berechnungsmittel erhal-
ten wurde.

Vorrichtung zum Bestimmen des biologischen Zu-
stands wahrend des Fahrens nach einem der An-
spriiche 1 bis 5,

wobei das Bestimmungs- und Erfassungsmittel wei-
ter ein Homdostasefunktionsniveau-Bestimmungs-
mittel umfasst, das konfiguriert ist, um ein Niveau
der Anpassungsfahigkeit einer Homdostasefunktion
zu bestimmen, und ein Mittel zum Bestimmen von
anfanglicher Ermidung, das konfiguriert ist, um das
Vorhandensein einer anfanglichen Ermiidung zu Be-
ginn des Fahrens zu bestimmen, und

wobei das Mittel zum Bestimmen von anfanglicher
Ermiidung konfiguriert ist, um zu bestimmen, dass
der Fahrer eine anfangliche Ermidung aufweist,
wenn ein gleiches Homoéostasefunktionsniveau tiber
eine vorbestimmte Zeit oder langer in dem Homd&o-
stasefunktionsniveau-Bestimmungsmittel andauert.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens nach Anspruch 6,
wobei das Bestimmungs- und Erfassungsmittel wei-
ter ein Geflihlsbestimmungsmittel umfasst, das kon-
figuriert ist, um einen biologischen Zustand in einer
frilhen Fahrperiode zu bestimmen, bis eine vorbe-
stimmte Zeit vergangen ist, nachdem das Fahren
begonnen wurde.

Vorrichtung zum Bestimmen eines biologischen Zu-
stands wahrend des Fahrens nach Anspruch 6 oder
Anspruch 7, weiter umfassend

ein Mittel zum Bestimmen des biologischen Zu-
stands unter Verwendung von Vorgeschichte, das
konfiguriertist, um einen biologischen Zustand eines
Fahrers unter Verwendung von Vorgeschichtenin-
formationen von Bestimmungsergebnissen zu be-
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stimmen, die durch das Mittel zum Erfassen eines
Phanomens eines hypnagogen Symptoms, das Mit-
tel zum Erfassen eines Phanomens eines unmittel-
bar bevorstehenden Schlafes, das Mittel zum Erfas-
sen eines subjektiven Schlafrigkeits-/Niedrigbe-
wusstseins-Reisezustands und das Homdostase-
funktionsniveau-Bestimmungsmittel erhalten wur-
den.

Computerprogramm, das die Vorrichtung zum Be-
stimmen des biologischen Zustands wahrend des
Fahrens nach Anspruch 1, wobei die Vorrichtung,
die einen biologischen Zustand eines Fahrers in ei-
ner Fahrumgebung unter Verwendung eines Biosi-
gnals bestimmt, das von einem Riicken des Fahrers
durch eine Biosignalmessvorrichtung, die in einem
Fahrersitz bereitgestellt ist, abgetastet wird, veran-
lasst, Folgendes auszufiihren:

ein Analyse- und Berechnungsverfahren, das
eine vorbestimmte Berechnung unter Verwen-
dung einer Zeitreihenwellenform des Biosignals
durchfihrt; und

ein Bestimmungs- und Erfassungsverfahren,
das den biologischen Zustand unter Verwen-
dung eines Berechnungsergebnisses des Ana-
lyse- und Berechnungsverfahrens bestimmt
oder erfasst, und

als das Analyse- und Berechnungsverfahren
Folgendes auszufiihren:

ein Frequenzberechnungsverfahren, das
aus der Zeitreihenwellenform des Biosig-
nals eine Zeitreihenwellenform einer Fre-
quenz erhalt;

ein Frequenzgradienten-Berechnungsver-
fahren, das ein Zeitfenster mit einer vorbe-
stimmten Uberlappungszeit und einer vor-
bestimmten Zeitdauer aus der Zeitreihen-
wellenform, die durch das Frequenzberech-
nungsverfahren erhalten wurden, einstellt
und eine Bewegungsberechnung durch-
fuhrt, um einen Gradienten der Frequenzin
jedem Zeitfenster unter Verwendung der
Zeitreihenwellenform der Frequenz, die
durch die Frequenzberechnungsmittel er-
halten wurde, zu erhalten, und eine Zeitrei-
henadnderung des Gradienten der Fre-
quenz, die in jedem Zeitfenster erhalten
wurde, als eine Frequenzgradienten-Zeit-
reihnenwellenform auszugeben;

ein Frequenzfluktuations-Berechnungsver-
fahren, das eine Bewegungsberechnung
durchfiihrt, um einen Mittelwert der Fre-
quenz in jedem vorbestimmten Zeitfenster
unter Verwendung der Zeitreihenwellen-
form der Frequenz, die durch das Fre-
quenzberechnungsmittel erhalten wurde,
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zu erhalten, und eine Zeitreihenanderung
des Mittelwerts der in jedem Zeitfenster er-
haltenen Frequenz als eine Frequenzfluk-
tuations-Zeitreihenwellenform ausgibt; und
ein Verfahren, das Frequenzkomponenten
extrahiert, die einem Funktionsstellsignal,
einem Ermidungsempfangssignal und ei-
nem Aktivitatsstellsignal entsprechen, die
aus der Frequenzgradienten-Zeitreihen-
wellenform vordefiniert sind, die durch das
Frequenzgradienten-Berechnungsmittel
erhalten wurden, und die ein Fluktuation
von jeder der Frequenzkomponenten er-
halt,

um als das Verfahren zum Erhalten einer
Fluktuation von Frequenzkomponenten,
die dem Funktionsstellsignal, dem Ermi-
dungsempfangssignal und dem Aktivitats-
stellsignal entsprechen, Folgendes auszu-
fuhren:

ein Verteilungsberechnungsverfahren,
das, nachdem die Frequenzkompo-
nenten von weniger als 0,01 Hz, die
dem Funktionsstellsignal, dem Ermi-
dungsempfangssignal und dem Aktivi-
tatsstellsignal entsprechen, extrahiert
wurden, Verteilungsraten der jeweili-
gen Frequenzkomponenten in Zeitrei-
hen erhalt, wenn eine Summe der Wer-
te der Leistungsspektren der drei Fre-
quenzkomponenten 100 betragt; und
ein Anderungsgrad-Berechnungsver-
fahren, das eine Glattungsdifferenzie-
rung auf die Zeitreihenverteilungsraten
anwendet, die durch das Verteilungs-
raten-Berechnungsmittel erhalten wur-
den, und einen Anderungsgrad einer
Verteilungsrate in Bezug auf mindes-
tens eine Frequenzkomponente aus
den drei Frequenzkomponenten zwi-
schen beliebigen Zeitpunkten auf einer
Zeitachse erhalt, und

um als das Bestimmungs- und Erfas-
sungsverfahren Folgendes auszufiih-
ren:

ein Verfahren zum Erfassen eines
Phanomens eines hypnagogen
Symptoms, das ein Phdnomen ei-
nes hypnagogen Symptoms er-
fasst, das ein Phanomen der An-
derung des korperlichen Zustands
vor dem Einschlafen ist;

ein Verfahren zum Erfassen eines
Phanomens eines unmittelbar be-
vorstehenden Schlafes, das ein
Phanomen eines unmittelbar be-
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vorstehenden Schlafes erfasst,
das ein Phéanomen der Anderung
des korperlichen Zustands vor
dem Einschlafen ist, das nach dem
Auftreten des Phanomens eines
hypnagogen Symptoms auftritt;
und

ein Verfahren zum Erfassen eines
subjektiven  Schlafrigkeits-/Nied-
rigbewusstseins-Reisezustands,
das eine subjektive Schlafrigkeit
erfasst, die ein eigenes Bewusst-
sein der Schlafrigkeit oder eines
Niedrigbewusstseins-Reisezu-
stands aufgrund einer Abnahme
des Bewusstseinsniveaus ist,

um als das Verfahren zum Erfas-
sen eines Phanomens eines hyp-
nagogen Symptoms ein Verfahren
auszufiihren, das die durch das
Frequenzgradienten-Berech-
nungsverfahren erhaltene Fre-
quenzgradienten-Zeitreihenwel-
lenform einer Glattungsdifferen-
zierung unterzieht, und um zu be-
stimmen, dass es sich um ein Pha-
nomen eines hypnagogen Symp-
toms handelt, wenn eine Anstiegs-
neigung der Amplitude in der Glat-
tungsdifferenzierungswellenform
erfasst wird, wenn ein GroRenver-
haltnis zum Amplitudenwert eines
vorherigen Datenstlicks gleich
oder groRer als ein vorbestimmtes
Vielfaches ist und eine vorbe-
stimmte Zeit oder mehr seit der
Zeit, zu dem der Amplitudenwert
eines vorherigen Datenstiicks er-
halten wurde, vergangen ist;

um als das Verfahren zum Erfas-
sen eines Phanomens eines un-
mittelbar bevorstehenden Schla-
fes ein Verfahren auszuflihren,
das die durch das Frequenzgradi-
enten-Berechnungsmittel erhalte-
ne Frequenzgradienten-Zeitrei-
henwellenform einer Glattungsdif-
ferenzierung unterzieht, und um zu
bestimmen, dass es sich um ein
Phanomen eines unmittelbar be-
vorstehenden Schlafes handelt,
wenn eine Konvergenzneigung
der Amplitude in der Glattungsdif-
ferenzierungswellenform erfasst
wird, wenn ein GroRenverhaltnis
zum Amplitudenwert eines vorhe-
rigen Datenstlicks gleich oder klei-
ner als ein Bruchteil einer vorbe-
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stimmten Zahl ist und ein Wert der
Glattungsdifferenzierungswellen-
form sequentiell um einen vorbe-
stimmten Berechnungspunkt oder
mehr in einen vorbestimmten Be-
reich fallt; und

um als das Verfahren zum Erfas-
sen subjektiven Schlafrig-
keits-/Niedrigbewusstseins-Rei-
sezustands ein Verfahren durch-
zuftihren, das eine leichte Schlaf-
rigkeit oder einen momentanen
Niedrigbewusstseins-Reisezu-
stand unter einer Bedingung er-
fasst, dass die Verteilungsrate der
Frequenzkomponente, die dem
Funktionsstellsignal unter den drei
Frequenzkomponenten ent-
spricht, die von dem Verteilungs-
raten-Berechnungsmittel erhalten
werden, gleich oder grofer ist als
die Verteilungsrate der Frequenz-
komponente, die dem Aktivitats-
stellsignal entspricht, und ein Ver-
fahren, das die leichte Schlafrigkeit
oder den momentanen Niedrigbe-
wusstseins-Reisezustand unter ei-
ner Bedingung erfasst, dass ein
Anderungsgrad der Frequenz-
komponente, die dem Funktions-
stellsignal entspricht, sowie ein
Anderungsgrad der Frequenz-
komponente, die dem Aktivitats-
stellsignal entspricht, unter den
drei Frequenzkomponenten, die
durch das Anderungsgrad-Be-
rechnungsmittel erhalten wurden,
gleich oder um einen Absolutwert
gréBer als ein vorbestimmter Wert
sind,

wobei das Verfahren zum Erfas-
sen eines Phanomens eines hyp-
nagogen Symptoms, das Verfah-
ren zum Erfassen eines Phéano-
mens eines unmittelbar bevorste-
henden Schlafes und das Verfah-
ren zum Erfassen eines subjekti-
ven Schlafrigkeits-/Niedrigbe-
wusstseins-Reisezustands paral-
lel ausgefiihrt werden, um das
Phanomen eines hypnagogen
Symptoms, das Phanomen eines
unmittelbar bevorstehenden
Schlafes und die leichte Schlafrig-
keit oder den momentanen Schlaf-
rigkeits-/Niedrigbewusstseins-
Reisezustand zu erfassen.



65 EP 2 932 900 B1

Revendications

1. Dispositif pour déterminer I'état biologique durant la
conduite, le dispositif étant configuré pour détermi-
ner un état biologique d’'un conducteur dans un en-
vironnement de conduite en utilisant un biosignal
échantillonné depuis le dos du conducteur par un
dispositif de mesure de biosignal fourni dans un sié-
ge du conducteur, le dispositif comprenant :

un moyen d’analyse et de calcul configuré pour
effectuer un calcul prédéterminé en utilisant une
forme d’onde de série temporelle du biosignal ;
et

un moyen de détermination et de détection con-
figuré pour déterminer ou détecter I'état biologi-
que en utilisant un résultat de calcul du moyen
d’analyse et de calcul,

dans lequel le moyen d’analyse et de calcul
comprend :

un moyen de calcul de fréquence configuré
pour obtenir une forme d’onde de série tem-
porelle d’'une fréquence a partir de la forme
d’'onde de série temporelle du biosignal ;
un moyen de calcul de gradient de fréquen-
ce configuré pour établir une fenétre tem-
porelle avec un temps de chevauchement
prédéterminé et une largeur de temps pré-
déterminée a partir de la forme d’onde de
série temporelle obtenue par le moyen de
calcul de fréquence et pour effectuer un cal-
cul de déplacement afin d’obtenir un gra-
dient de la fréquence dans toutes les fené-
tres temporelles en utilisant la forme d’onde
de série temporelle de lafréquence obtenue
par le moyen de calcul de fréquence, et sor-
tir un changement de série temporelle du
gradientdelafréquence obtenu dans toutes
les fenétres temporelles en tant que forme
d’'onde de série temporelle a gradient de
fréquence ;

un moyen de calcul de fluctuation de fré-
quence configuré pour effectuer un calcul
de déplacement afin d’obtenir une valeur
moyenne de la fréquence dans toutes les
fenétres temporelles prédéterminées en
utilisantlaforme d’onde de série temporelle
de la fréquence obtenue par le moyen de
calcul de fréquence, et sortir un change-
ment de série temporelle de la valeur
moyenne de la fréquence obtenu dans tou-
tes les fenétres temporelles en tant que for-
me d’'onde de série temporelle a fluctuation
de fréquence ; et

un moyen configuré pour extraire des com-
posantes de fréquence correspondant a un
signal d’ajustement de fonction, a un signal
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de réception de fatigue et a un signal d’'ajus-
tement d’activité qui sont prédéfinis a partir
de la forme d’onde de série temporelle a
gradient de fréquence obtenue par le
moyen de calcul de gradient de fréquence
et obtenant une fluctuation de chacune des
composantes de fréquence,

danslequelle moyen configuré pour obtenir
une fluctuation de composantes de fré-
quence correspondant au signal d’ajuste-
ment de fonction, au signal de réception de
fatigue et au signal d’ajustement d’activité
comprend :

un moyen de calcul de distribution con-
figuré pour obtenir, aprés I'extraction
des composantes de fréquence de
moins de 0,01 Hz correspondant au si-
gnal d’ajustementde fonction, au signal
de réception de fatigue et au signal
d’ajustementd’activité, des taux de dis-
tribution des composantes de fréquen-
ce respectives en série temporelle
quand un total de valeurs de spectres
de puissance des trois composantes de
fréquence est de 100 ; et

un moyen de calcul de degré de chan-
gement configuré pour appliquer une
différenciation de lissage aux taux de
distribution de série temporelle obte-
nus par le moyen de calcul de taux de
distribution, et obtenir un degré de
changement d’un taux de distribution
par rapport a au moins une composan-
te de fréquence parmi les trois compo-
santes de fréquence entre des mo-
ments arbitraires sur un axe de temps,
et

dans lequel le moyen de détermination
et de détection comprend :

un moyen de détection de phéno-
meéne de symptdme hypnagogique
configuré pour détecter un phéno-
meéne de symptdme hypnagogique
qui est un phénomeéne de change-
ment de condition physique avant
de s’endormir ;

un moyen de détection de phéno-
méne d’endormissement immi-
nent configuré pour détecter un
phénoméne d’endormissement
imminent quiestun phénoméne de
changement de condition physi-
que avantde s’endormir survenant
avant que ne survienne le phéno-
meéne de symptome
hypnagogique ; et
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un moyen de détection de somno-
lence subjective/d’état de déplace-
ment a faible conscience configuré
pour détecter une somnolence
subjective quiest consciente d’'une
somnolence d’elle-méme ou un
état de déplacement a faible cons-
cience en raison d’une baisse du
niveau de conscience,

dans lequel le moyen de détection
de phénomeéne de symptdéme hyp-
nagogique comprend un moyen
configuré pour soumettre la forme
d’'onde de série temporelle a gra-
dient de fréquence obtenue par le
moyen de calcul de gradient de fré-
quence a une différenciation de lis-
sage et pour déterminer qu'’il s’agit
d'un phénomene de symptdéme
hypnagogique quand une tendan-
ce d’augmentation d’amplitude est
détectée dans la forme d'onde a
différenciation de lissage quand un
rapport de grandeur avec la valeur
d’amplitude d’un élément de don-
nées précédent est égal ou supé-
rieur a un multiple prédéterminé et
qu’un temps prédéterminé ou plus
s’est écoulé depuis le moment ou
la valeur d’amplitude d’un élément
de données précédent a été
obtenue ;

dans lequel le moyen de détection
de phénomene d’endormissement
imminent comprend un moyen
configuré pour soumettre la forme
d’'onde de série temporelle a gra-
dient de fréquence obtenue par le
moyen de calcul de gradient de fré-
quence a une différenciation de lis-
sage et pour déterminer qu'’il s’agit
d’'un phénomeéne d’endormisse-
ment imminent quand une tendan-
ce de convergence d’amplitude est
détectée dans la forme d'onde a
différenciation de lissage quand un
rapport de grandeur avec la valeur
d’amplitude d’un élément de don-
nées précédent est égal ou infé-
rieur a une fraction d’'un nombre
prédéterminé et une valeur de for-
me d’onde a différenciation de lis-
sage tombe dans une plage prédé-
terminée séquentiellement par un
point de calcul prédéterminé ou
plus ; et

dans lequel le moyen de détection
de somnolence subjective/d’état
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de déplacement a faible conscien-
ce comprend un moyen configuré
pour détecter une légére somno-
lence ou un état de déplacement a
faible conscience momentanée a
condition que le taux de distribution
de la composante de fréquence
correspondant au signal d’ajuste-
ment de fonction parmi les trois
composantes de fréquence obtenu
par le moyen de calcul de taux de
distribution soit égal ou supérieur
au taux de distribution de la com-
posante de fréquence correspon-
dant au signal d’ajustement d’acti-
vité etun moyen configuré pour dé-
tecter la légére somnolence ou
'état de déplacement a faible
conscience momentanée a condi-
tion qu’'un degré de changement
de la composante de fréquence
correspondant au signal d’ajuste-
ment de fonction ainsi qu’un degré
de changement de la composante
de fréquence correspondant au si-
gnal d’ajustement d’activité, parmi
les trois composantes de fréquen-
ce obtenus par le moyen de calcul
de degré de changement, soient
€gaux ou supérieurs a une valeur
prédéterminée d’une valeur abso-
lue,

dans lequel le moyen de détection
de phénomeéne de symptéme hyp-
nagogique, le moyen de détection
de phénomeéne d’endormissement
imminent et le moyen de détection
d’état de déplacement a somno-
lence subjective/faible conscience
sont configurés pour fonctionner
en paralléle afin de détecter le phé-
nomene de symptdme hypnagogi-
que, le phénoméne d’endormisse-
mentimminent et la légére somno-
lence ou I'état de déplacement a
faible conscience momentanée.

Dispositif pour déterminer I'état biologique durant la
conduite selon la revendication 1,

dans lequel le moyen de détection de somnolence
subjective/d’état de déplacement a faible conscien-
ce comprend un moyen configuré pour déterminer
si un état de base du conducteur est un état détendu
ou un état de tension, et sélectionner un critére de
détermination pour correspondre ou non a la légére
somnolence ou al’étatde déplacementafaible cons-
cience momentanée selon que I'état de base déter-
miné est un état détendu ou un état de tension.



69 EP 2 932 900 B1 70

Dispositif pour déterminer I'état biologique durant la
conduite selon la revendication 1 ou la revendication
2,

dans lequel le moyen de détection de somnolence
subjective/d’état de déplacement a faible conscien-
ce comprend en outre un moyen configuré pour dé-
tecter une forte somnolence ou un état de déplace-
menta faible conscience continue quand des valeurs
decréte respectives des formes d’onde de série tem-
porelle de taux de distribution des trois composantes
de fréquence obtenues par le moyen de calcul de
taux de distribution sont des valeurs qui apparais-
sent dans un ordre prédéterminé dans une plage de
différence dans un temps d’apparition prédéterminé,
et satisfont une condition de taux de distribution pré-
déterminée.

Dispositif pour déterminer I'état biologique durant la
conduite selon la revendication 3,

dans lequel le moyen configuré pour détecter la forte
somnolence ou I'état de déplacement a faible cons-
cience continue dans le moyen de détection de som-
nolence subjective/d’état de déplacement a faible
conscience est configuré pour déterminer la forte
somnolence ou I'état de déplacement a faible cons-
cience continue quand des temps d’apparition de
valeurs de créte satisfaisant la condition de taux de
distribution prédéterminée des trois composantes de
fréquence obtenus par le moyen de calcul de taux
de distribution satisfont une relation suivante :
signal d’ajustement d’activité < signal d’ajustement
de fonction < signal de réception de fatigue, ot une
différence de temps d’apparition des valeurs de créte
du signal d’'ajustement d’activité et du signal de ré-
ception de fatigue est dans un temps prédéterminé.

Dispositif pour déterminer I'état biologique durant la
conduite selon I'une quelconque des revendications
1a4,

dans lequel le moyen de détection de somnolence
subjective/d’état de déplacement a faible conscien-
ce comprend en outre un moyen configuré pour dé-
terminer une somnolence subjective ou un état de
déplacement a faible conscience quand une tendan-
ce de convergence d’amplitude est détectée par rap-
port a un critére prédéterminé dans la forme d’onde
de série temporelle a gradient de fréquence obtenue
par le moyen de calcul de gradient de fréquence.

Dispositif pour déterminer I'état biologique durant la
conduite selon I'une quelconque des revendications
1a5,

dans lequel le moyen de détermination et de détec-
tion comprend en outre un moyen de détermination
de niveau de fonction d’homéostasie configuré pour
déterminer un niveau de capacité d’adaptation d’'une
fonction d’homéostasie et un moyen de détermina-
tion de fatigue initiale configuré pour déterminer la
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présence d’une fatigue initiale au début de la con-
duite, et

dans lequel le moyen de détermination de fatigue
initiale est configuré pour déterminer que le conduc-
teur a une fatigue initiale quand un méme niveau de
fonction d’homéostasie se poursuit pendant un
temps prédéterminé ou plus dans le moyen de dé-
termination de niveau de fonction d’homéostasie.

Dispositif pour déterminer I'état biologique durant la
conduite selon la revendication 6,

dans lequel le moyen de détermination et de détec-
tion comprend en outre un moyen de détermination
de sensation configuré pour déterminer un état bio-
logique dans un début de période de conduite jus-
qu’a ce qu’'un temps prédéterminé se soit écoulé
apres le début de la conduite.

Dispositif pour déterminer I'état biologique durant la
conduite selon la revendication 6 ou la revendication
7, comprenant en outre

un moyen de détermination d’état biologique utilisant
un historique configuré pour déterminer un état bio-
logique d’'un conducteur en utilisant des informations
d’historique de résultats de détermination obtenues
par le moyen de détection de phénomene de symp-
tébme hypnagogique, le moyen de détection de phé-
nomene d’endormissement imminent, le moyen de
détection de somnolence subjective/d’état de dépla-
cement a faible conscience et le moyen de détermi-
nation de niveau de fonction d’homéostasie.

Programme informatique amenant le dispositif des-
tiné a déterminer I'état biologique durant la conduite
selon la revendication 1, le dispositif déterminant un
état biologique d’'un conducteur dans un environne-
ment de conduite en utilisant un biosignal échan-
tillonné depuis un dos du conducteur par un dispositif
de mesure de biosignal fourni dans un siege du con-
ducteur, a exécuter :

une procédure d’analyse et de calcul effectuant
un calcul prédéterminé en utilisant une forme
d’onde de série temporelle du biosignal ; et
une procédure de détermination et de détection
déterminant ou détectant|'état biologique en uti-
lisant un résultat de calcul de la procédure
d’analyse et de calcul, et

a exécuter, en tant que procédure d’analyse et
de calcul :

une procédure de calcul de fréquence ob-
tenant une forme d’onde de série temporel-
le d’'une fréquence a partird’'une forme d’on-
de de série temporelle du biosignal ;

une procédure de calcul de gradient de fré-
quence établissant une fenétre temporelle
avec un temps de chevauchement prédé-
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terminé et une largeur de temps prédéter-
minée a partir de la forme d’onde de série
temporelle obtenue par la procédure de cal-
cul de fréquence et effectuant un calcul de
déplacement afin d’obtenir un gradient de
la fréquence dans toutes les fenétres tem-
porelles en utilisant la forme d’'onde de série
temporelle de la fréquence obtenue par le
moyen de calcul de fréquence, et sortantun
changement de série temporelle du gra-
dient de la fréquence obtenu dans toutes
les fenétres temporelles en tant que forme
d’'onde de série temporelle a gradient de
fréquence ;

une procédure de calcul de fluctuation de
fréquence effectuant un calcul de déplace-
ment afin d’obtenir une valeur moyenne de
la fréquence dans toutes les fenétres tem-
porelles prédéterminées en utilisant la for-
me d’'onde de série temporelle de la fré-
quence obtenue par le moyen de calcul de
fréquence, et sortant un changement de sé-
rie temporelle de la valeur moyenne de la
fréquence obtenu dans toutes les fenétres
temporelles en tant que forme d’onde de
série temporelle a fluctuation de fréquence ;
et

une procédure extrayant des composantes
de fréquence correspondant a un signal
d’ajustement de fonction, a un signal de ré-
ception de fatigue et a un signal d’ajuste-
ment d’activité qui sont prédéfinis a partir
de la forme d’onde de série temporelle a
gradient de fréquence obtenue par le
moyen de calcul de gradient de fréquence
et obtenant une fluctuation de chacune des
composantes de fréquence,

a exécuter, en tant que procédé obtenant
une fluctuation de composantes de fré-
quence correspondant au signal d’ajuste-
ment de fonction, au signal de réception de
fatigue et au signal d’ajustement d’activité :

une procédure de calcul de distribution
obtenant, aprés extraction des compo-
santes de fréquence de moins de 0,01
Hz correspondant au signal d’ajuste-
ment de fonction, au signal de récep-
tion de fatigue et au signal d’ajustement
d’activité, des taux de distribution des
composantes de fréquence respecti-
ves en série temporelle quand un total
de valeurs de spectres de puissance
des trois composantes de fréquence
est de 100 ; et

une procédure de calcul de degré de
changement appliquant une différen-
ciation de lissage aux taux de distribu-
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tion de série temporelle obtenus par le
moyen de calcul de taux de distribution,
et obtenant un degré de changement
d’un taux de distribution par rapport a
au moins une composante de fréquen-
ce parmi les trois composantes de fré-
quence entre des moments arbitraires
sur un axe de temps, et

a exécuter, en tant que procédure de
détermination et de détection :

une procédure de détection de
phénomeéne de symptdme hypna-
gogique détectant un phénomeéne
de symptéme hypnagogique qui
estunphénomeéne de changement
de condition physique avant de
s’endormir ;

une procédure de détection de
phénoméne d’endormissement
imminentdétectantun phénoméne
d’endormissement imminent qui
estun phénomeéne de changement
de condition physique avant de
s’endormir survenant avant que ne
survienne le phénomene de symp-
tdbme hypnagogique ; et

une procédure de détection de
somnolence subjective/d’état de
déplacement a faible conscience
détectant une somnolence subjec-
tive qui est consciente d’'une som-
nolence d’elle-méme ou un état de
déplacement a faible conscience
en raison d’'une baisse du niveau
de conscience,

a exécuter, en tant que procédure
de détection de phénomene de
symptdbme hypnagogique, une
procédure soumettant la forme
d’'onde de série temporelle a gra-
dient de fréquence obtenue par la
procédure de calcul de gradientde
fréquence a une différenciation de
lissage et déterminant qu’il s’agit
d’'un phénoméne de symptéme
hypnagogique quand une tendan-
ce d’augmentation d’amplitude est
détectée dans la forme d’onde a
différenciation de lissage quand un
rapport de grandeur avec la valeur
d’amplitude d’'un élément de don-
nées précédent est égal ou supé-
rieur a un multiple prédéterminé et
qu’un temps prédéterminé ou plus
s’est écoulé depuis le moment ou
la valeur d’amplitude d’'un élément
de données précédent a été
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obtenue ;

a exécuter, en tant que procédure
de détection de phénomeéne d’en-
dormissement imminent, une pro-
cédure soumettantlaforme d’onde
de série temporelle a gradient de
fréquence obtenue par la procédu-
rede calculde gradientde fréquen-
ce a une différenciation de lissage
etdéterminant qu’il s’agit d’'un phé-
nomene d’endormissement immi-
nent quand une tendance de con-
vergence d’amplitude est détectée
dans la forme d’onde a différencia-
tion de lissage quand un rapportde
grandeur avec la valeur d’amplitu-
de d’'un élément de données pré-
cédent est égal ou inférieur a une
fraction d’'un nombre prédéterminé
etune valeur de forme d’'onde a dif-
férenciation de lissage tombe dans
une plage prédéterminée séquen-
tiellement par un point de calcul
prédéterminé ou plus ; et

a exécuter, en tant que procédure
de détection de somnolence sub-
jective/d’état de déplacement afai-
ble conscience, une procédure dé-
tectant une légére somnolence ou
un état de déplacement a faible
conscience momentanée a condi-
tion que le taux de distribution de
la composante de fréquence cor-
respondant au signal d’ajustement
de fonction parmi les trois compo-
santes de fréquence obtenu par le
moyen de calcul de taux de distri-
bution soit égal ou supérieur au
taux de distribution de la compo-
sante de fréquence correspondant
au signal d’ajustement d’activité et
une procédure détectant la légere
somnolence ou I'état de déplace-
ment a faible conscience momen-
tanée a condition qu’un degré de
changement de la composante de
fréquence correspondant au signal
d’'ajustement de fonction ainsi
qu’un degré de changement de la
composante de fréquence corres-
pondant au signal d’ajustement
d’activité, parmi les trois compo-
santes de fréquence obtenus par
le moyen de calcul de degré de
changement, soient égaux ou su-
périeurs a une valeur prédétermi-
née d’'une valeur absolue,

dans lequel la procédure de détec-
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tion de phénomene de symptéme
hypnagogique, la procédure de dé-
tection de phénomeéne d’endormis-
sement imminent et la procédure
de détection d’état de déplace-
ment a somnolence subjective/fai-
ble conscience sont exécutées en
paralléle afin de détecter le phéno-
méne de symptdome hypnagogi-
que, le phénoméne d’endormisse-
mentimminent et la légére somno-
lence ou I'état de déplacement a
faible conscience momentanée.
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Fig. 15
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FIG. 16
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FIG. 20
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FI1G. 21
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FI1G. 22
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Fig. 31
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FIG. 35
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