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(7) ABSTRACT

An alertness device includes: arespiration sensor that obtains
respiratory data of a person; a calculation unit; a waveform
generation unit that generates a respiratory interval (RI)
waveform which is a transition in a predetermined time
period of an RI which is an interval for one respiration; and a
determination unit. The calculation unit calculates an average
value ofthe RI and RrMSSDn in a predetermined time period.
In a case where an average value of the subsequent RI is
greater than an average value of the RI directly previous to the
subsequent RI and in a case where the RrMSSDn of the
subsequent RI is greater than a value which is obtained by
multiplying the ReMSSDn of the previous R by a constant f3,
the determination unit determines on the basis of values cal-
culated by the calculation unit that the person is in a state of
low alertness.
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ALERTNESS DEVICE, SEAT, AND METHOD
FOR DETERMINING ALERTNESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage Entry applica-
tion of PCT Application No. PCT/JP2014/077872, filed Oct.
20, 2014, which claims the priority benefit of Japanese Patent
Application No. 2013-218703, filed Oct. 21, 2013, the con-
tents of each of which are incorporated herein by reference in
their entireties.

BACKGROUND

[0002] Thepresent disclosure relates to an alertness device,
a seat equipped with the alertness device, and a method for
determining alertness, and particularly to an alertness device
having a function to determine alertness, a seat equipped with
the alertness device, and a method for determining alertness.
[0003] Recently, for stably driving a vehicle, it has been
needed to detect a change of a physical condition of a driver.
Therefore, various techniques are provided in which various
types of parameters indicating conditions of the driver are
detect and calculated to thereby determine a change of a
physical condition, in particular, alertness of the driver.
[0004] For example, Japanese Patent Publication
JP4543822B describes that a criterion for determining an
occurrence of sleepiness is based on a detection of variations
of a depth of respiration, which is periodically repeated at a
predetermined number of times, with a focus on the fact that
stability of the depth of respiration is lost as a person’s con-
dition turns from a state of alertness through a state where
conscious sleepiness occurs to an unconscious sleeping state.
[0005] Further, PCT Patent Publication W0O2010/143535A
describes that an average heartbeat, a standard deviation of a
respiratory interval of one minute, an value which is obtained
by integrating the square of an average heartbeat interval in a
case where a predetermined heartbeat interval RRI (R-R
Interval) varies to increase and by dividing the integrated
value by one minute, and a value which is obtained by aver-
aging a variation ratio in a case where the respiratory interval
varies to increase, are set as indicators for determining alert-
ness and that a state of alermess is determined based on the
summation of values which are obtained by multiplying these
indicators by respective weighting coefficients. As described
in PCT Patent Publication WO2010/143535A, in particular,
the standard deviation of a respiratory interval of one minute
is regarded as an indicator for determining a state of alertness,
and such is based on the fact that a person yawns or breathes
deeply more often when feeling sleepy and therefore the
respiratory interval largely varies compared with a case
where the person is sufficiently awake.

[0006] In the technique according to Japanese Patent Pub-
lication JP4543822B, a respiration signal is disturbed by
vibrational noises ofa vehicle body; therefore, variations of a
depth of respiration are often detected by mistake. Conse-
quently, it is extremely difficult to accurately determine an
occurrence of sleepiness. Further, in the technique according
to Japanese Patent Publication JP4543822B, a sensor for
detecting heartbeats and a sensor for detecting respirations
are needed, therefore increasing manufacturing costs. Fur-
thermore, even though variations of respirations at the time of
the occurrence of sleepiness are focused on in the alertness
determination, in a case where the standard deviation of a
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respiratory interval is set as the determination indicator, the
standard deviation calculated by using a difference between
the obtained respiratory interval and an average value of the
respiratory interval largely depends on an area where the
average value is obtained. In addition, it is difficult to obtain
variations of an instantaneous change and the accuracy of the
alertness determination is decreased. Thus, it is difficult to
appropriately maintain a state of alertness of a person.

[0007] Therefore, an alertness device with a high accuracy
for determining alertness, a seat equipped with the alertness
device, and a method for demining alertness have been
desired.

SUMMARY

[0008] Thepresent disclosure is made in view of the above-
mentioned problems. Various embodiments of the present
disclosure provide an alertness device with a high accuracy
for determining alertness, a seat equipped with the alertness
device, and a method for demining alertness. Further, some
embodiments of the present disclosure appropriately main-
tain a state of alertness of a person in accordance with an
accurate determination of alertness.

[0009] Some of the above-mentioned problems are solved
by an alertness device according to a first embodiment, the
alertness device including: a respiration sensor that obtains
respiratory data of a person; a calculation unit that calculates
the respiratory data obtained from the respiration sensor; a
waveform generation unit that generates an RI waveform for
a respiratory waveform associated with the respiratory data,
the RI waveform being a transition in a predetermined time
period of a respiratory interval (RT) which is an interval for
one respiration; and a determination unit that determines a
state of alertness of the person on the basis of the respiratory
data, wherein in a case where RrMSSDn is defined by the
following formula

RrMSSDn=
V{RID-RIG-1)+.. +{RI(e41-1)-RIG41-2)),

[Formula 1]

when the t-th RI in the RI waveform generated by the wave-
form generation unit is determined as RI(t) and the n-th RI
after the t-th RI in the generated RI waveform is defined as
RI(t+n), the calculation unit calculates an average value of the
RI and the RrMSSDn in a predetermined time period, and
whereinina case where an average value of the subsequent RI
is greater than an average value of the RI directly previous to
the subsequent RI and in a case where the RrMSSDn of the
subsequent RI is greater than a value which is obtained by
multiplying the ReMSSDn of the previous RI by a constant f3,
the determination unit determines on the basis of values cal-
culated by the calculation unit that the person is in a state of
low alertness.

[0010] As described above, in a case where an average
value of the subsequent RI is greater than an average value of
the RI directly previous to the subsequent RI and in a case
where the RtMSSDn of the subsequent RI is greater than a
value which is obtained by multiplying the RrMSSDn of the
previous RI by a constant f, it is determined that the person is
in a state of low alertness. Therefore, the alertness device with
ahigh accuracy for determining alertness can be provided. In
particular, the RrMSSDn is set as an indicator for determining
alertness, thereby being calculated by a difference between
average values of the respiratory intervals (RI) in the tempo-
rally successive intervals. As a result, instantaneous varia-
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tions can be more accurately obtained and the accuracy of the
alertness determination can be enhanced.

[0011] Further, the constant f§ is preferably from 1.0t0 3.0.
As just described, in a case where the constant § is from 1.0 to
3.0, a state of alertness of a seated occupant can be more
accurately determined.

[0012] Furthermore, the calculation unit calculates the
average value of the R1 and the RrMSSDn every time interval
of 20 seconds to 300 seconds. As just described, the calcula-
tion unit calculates the average value of the RI and the
RrMSSDn every time interval of 20 seconds to 300 seconds
and the determination unit determines a state of alertness on
the basis of the average value of the RI and the RrMSSDn;
thereby, a state of alertness of the seated occupant can be more
accurately determined.

[0013] Further, the constant [ may be 1.5. As just
described, in a case where the constant §§ is 1.5, a state of
alertness of the person can be more accurately determined.
[0014] Furthermore, the calculation unit may calculate the
average value of the RT and the RrMSSDn every 120 seconds.
As just described, the calculation unit calculates the average
value of the R and the RrMSSDn every 120 seconds; thereby,
a state of alertness of the person can be more accurately
determined.

[0015] In addition, the alertness device may include an
alarm device that alarms the person or people around the
person and a drive unit driving the alarm device so that the
alarm device alarms the person or the people around the
person in a case where the determination unit determines that
the person is in a state of low alertness. As just described, in
a case where the determination unit determines that the per-
sonisin a state of low alertness, the drive unit drives the alarm
device so that the alarm device alarms the person or the people
around the person; thereby, alertness of the person can be
prompted and the person or the people around the person can
take measures to maintain the alertness of the person.

[0016] Some of the above-mentioned problems are solved
by a seat according to a second embodiment of the present
disclosure, the seat including a seat cushion at which an
occupant can be seated, a seat back which is a backrest for the
seated occupant, and the alertness device, wherein the respi-
ration sensor is arranged in the seat cushion. As just
described, the seat is provided with the alertness device;
thereby, a state of alertness of the seated occupant can be more
accurately determined compared with a case where a state of
alertness of the seated occupant is determined only by the RI
value.

[0017] Some of the above-mentioned problems are solved
by a method for determining alertness according to a third
embodiment of the present disclosure, the method including:
obtaining a respiration signal; generating an RI waveform for
arespiratory waveform associated with the respiration signal,
the RI waveform being a transition in a predetermined time
period of a respiratory interval (RI) which is an interval for
one respiration; in a case where RrMSSDn is defined by the
following formula

RrMSSDn=
VIRIO-RIG-1)P 4. H{RIt0-1)-RIG+-2) 1,

[Formula 1]

when the t-th RI in the generated RI waveform is defined as
RI(t) and the n-th RI after the t-th RI in the generated RI
waveform is defined as RI(t+n), calculating an average value
of the RI and the RrMSSDn in a predetermined time period,
and in a case where an average value of the subsequent RI is
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greater than an average value of the RI directly previous to the
subsequent RI and in a case where the RtMSSDn of the
subsequent RI is greater than a value which is obtained by
multiplying the RrMSSDn of the previous RI by a constant f3,
determining that the person is in a state of low alertness. As
just described, the average value of the RI and the RrMSSDn
in a predetermined time period are calculated. In addition, in
a case where an average value of the subsequent RI is greater
than an average value of the RI directly previous to the sub-
sequent RI and in a case where the RrMSSDn of the subse-
quent RI is greater than a value which is obtained by multi-
plying the RrMSSDn of the previous R1 by a constant f, it is
determined on the basis of the calculated values that the
person is in a state of low alertness. Therefore, a state of
alertness of the person can be more accurately determined
compared with a case where a state of alertness of the person
is determined only by the RI value.

[0018] According to the present disclosure, various
embodiments of an alertness device which can accurately
determine a state of alertness of a person, a seat equipped with
the alertness device, and a method for demining alertness are
described. Further, according to some embodiments of the
present disclosure, a state of alertness of a person can be
appropriately maintained.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a schematic diagram illustrating an
example configuration of an alertness device according to an
embodiment.

[0020] FIG. 21is a flowchart illustrating an example method
of alertness determination processing, according to an
embodiment.

[0021] FIG. 3is anexample chart schematically illustrating
a respiratory waveform, according to an embodiment.
[0022] FIG. 4is an example chart illustrating changes of RI
with aging, according to an embodiment.

[0023] FIG.5A is an example chart illustrating RT and RIm,
which is an average value of R1 every 120 seconds, according
to an embodiment.

[0024] FIG. 5B is an example chart illustrating RrMSSD (1)
which is calculated in a certain interval, a value which is 3
times RtMSSD (t), and RrMSSD (t+1) which is calculated in
an interval subsequent to the certain interval, according to an
embodiment.

[0025] FIG. 6 is an example chart illustrating changes of
RIm and RrMSSD of a subject at the time of continuously
driving through curves, according to an embodiment.

[0026] FIG. 7 is an example chart illustrating changes of
RIm and RrMSSD of a subject at the time of driving on the
highway, according to an embodiment.

[0027] FIG. 8is a flowchart illustrating an example method
of alertness maintenance processing, according to an embodi-
ment.

DETAILED DESCRIPTION

[0028] Hereinafter, various embodiments of an alertness
device, a seat equipped with the alertness device, and a
method for determining alertness according to the present
disclosure are described in detail with reference to the
attached drawings.

[0029] First, an alertness device 10 according to an embodi-
ment is described with reference to FIG. 1. Here, FIG.1is a
drawing illustrating an example configuration of the alertness
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device 10 according to an embodiment of the present disclo-
sure. The alertness device 10 according to the embodiment
serves to determine alertness of a seated occupant in response
to a change in electrical resistance, which changes in accor-
dance with respirations obtained by a sensor 20 arranged in a
seat cushion 1. As shown in FIG. 1, the alertness device 10 is
mainly configured by a vehicle seat S in which two of the
sensors 20 are arranged within the seat cushion 1 and a vibra-
tion motor M is arranged within aseat back 2, and by a control
device 70 which is connected to the sensors 20 and the vibra-
tion motor M to control the vibration motor M.

[0030] The vehicle seat S is provided with the seat cushion
1 at which an occupant can be seated and with the seat back 2
which serves as a backrest for the seated occupant. The sen-
sors 20 are provided within the seat cushion 1 to be positioned
adjacent to the seated occupant, and the vibration motor M is
provided within the seat back 2 to be positioned adjacent to
the seated occupant.

[0031] The sensor 20 is a resistive pressure-sensitive sensor
which has a circular detection surface. The sensor 20 is
deformed downward in accordance with the size of pressure
applied from the upper surface and its contact resistance
increases; therefore, an electrical resistance value between
electrodes decreases. The sensor 20 is configured so that an
electric signal associated with this electrical resistance value
is transmitted to the control device 70 which is described
below, and the control device 70 calculates pressure on the
basis of the electric signal associated with the electrical resis-
tance value. Therefore, respiratory data (respiration signals)
is measured on the basis of the calculated pressure.

[0032] The control device 70 includes a storage unit 72
which is configured with a random access memory (RAM,
not shown), a waveform generation unit 73a which functions
to generate voltage waveform data when a program stored on
a read-only memory (ROM, not shown) is executed by a
central processing unit (CPU, not shown), a calculation unit
73b which performs data calculation for determining alert-
ness, a determination unit 73¢ which determines alertness,
and a drive unit 734 which drives the vibration motor M.

[0033] The storage unit 72 serves to temporarily store a
parameter including signals during control of the calculation
and signals to be inputted and outputted, and to store potential
difference signals, which are converted to digital signals in
the embodiment, and other signals. On the basis of electric
signals associated with resistance values which are obtained
from the sensors 20 to be stored on the storage unit 72, the
waveform generation unit 73a functions to generate respira-
tory data plotted on the vertical axis, respiratory waveform
data plotted with time on the horizontal axis, and RI wave-
form data calculated from the respiratory waveform data. The
calculation unit 735 serves to perform calculations described
below, on the basis of the respiratory waveform data gener-
ated by the waveform generation unit 73a. The determination
unit 73¢ serves to determine alertness by taking data calcu-
lated by the calculation unit 736 as an indicator. The drive unit
73d serves to drive the vibration motor M in accordance with
a determination of a decrease of alertness of the seated occu-
pant to stimulate the seated occupant by vibrations.

Alertness Determination Processing

[0034] Next, an alertness determination processing by the
alertness device 10 configured as described above is
described with a detailed description of a calculating method

Sep. §,2016

with reference to FIGS. 2 to 5. In addition, an alertness
maintenance processing by the alertness device 10 is
described below.

[0035] Here, FIG. 2is aflowchartillustrating an example of
the alertness determination processing, according to an
embodiment, and FIG. 3 is a chart schematically illustrating a
respiratory waveform, according to an embodiment. Further,
FIG. 4 is a chartillustrating changes of RI with aging, accord-
ing to an embodiment. Furthermore, FIG. 5A is a chart illus-
trating RT and RIm, which is an average value of Rl every 120
seconds, according to an embodiment, and FIG. 5B is a chart
illustrating RrMSSD (t) which is calculated in a certain inter-
val, a value which s p} times RtMSSD (t), and RrMSSD (t+1)
which is calculated in an interval subsequent to the certain
interval, according to an embodiment.

[0036] The alertness determination processing according
to the embodiment is a processing to be executed by taking R1
which indicates a respiratory interval and RrMSSD (Respi-
ration root Mean Square Successive Difference) described
below, which indicates variations of RI, as indicators for
determining alertness. The principle and purpose of the pro-
cessing is summarized as follows. RrMSSD indicating varia-
tions of RI increases at an initial stage of a state where alert-
ness decreases along with sympathetic nerve activation when
the occupant attempts to awaken. Therefore, the processing is
intended to more accurately determine alertness by taking
this RrMSSD as one of the indicators for determining alert-
ness.

[0037] Each processing is explained in detail with descrip-
tion of a flow of the alertness determination processing
according to the embodiment. First, when an engine of a
vehicle starts or a start switch (not shown) is pressed down,
the sensors 20 detect respiratory data associated with respi-
rations of the seated occupant, in response to a change in
electrical resistance.

[0038] The respiratory data detected by the sensors 20 is
stored as potential difference data on the storage unit 72 of the
control device 70. That is, the control device 70 obtains the
respiratory data associated with respirations of the seated
occupant (step S11).

[0039] Next, on the basis of the respiratory data obtained in
the sensors 20, the waveform generation unit 73¢ generates
RI waveform data as shown in FIG. 4 with R1 as a respiratory
interval and time plotted on the axis (step S12).

[0040] Next, by setting 120 seconds as an interval in the
generated R waveform data as shown in FIG. 5A, the calcu-
lation unit 735 calculates an average value RIm of RI for each
interval.

[0041] Next, the determination unit 73¢ compares calcu-
lated RIm (t) in an interval with RIm (t+1) in an interval
subsequent to the previous interval and determines whether
RIm (t+1) is a value which is greater than RIm (t) in the
previous interval (step S13).

[0042] Inacase where the determination unit 73¢ has deter-
mined that RIm (t+1)is a value greater than RIm (t) (step S13:
Yes), the calculation unit 735 calculates an RrMSSD signal
(step S14). Here the RrMSSD signal is a value which is
obtained by the following Formula 2 to indicate variations of
RL
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RrMSSD = [Formula 2]

\/{Rl([)— RIG=DP+ ... +{RIG+n-1)=RIG+n -2)}?
n

[0043] Inacase wherethe determination unit 73¢ has deter-
mined that RIm (t+1) is a value equal to or smaller than RIm
() (step S13: No), the determination unit 73¢ further deter-
mines that the seated occupant is in a state of alertness (step
S17).

[0044] Instep S14,when setting 120 seconds as an interval,
the calculation unit 735 calculates RrMSSD calculated in an
interval and compares RrMSSD in an interval next to the
previous interval. Specifically, as shown in FIG. 5B, in a case
where RrMSSD in a certain interval is set as RrtMSSD (t) and
RrMSSD in an interval directly subsequent to the certain
interval is set as RtMSSD (t+1), a value which is f times
RrMSSD (t) in the certain interval is compared with RrMSSD
(t+1) in the interval directly subsequent to the certain interval
(step S15). Here, a coeflicient {§ is from 1.0 to 3.0, further
preferably 1.5.

[0045] According to the comparison as above, in a case
where RrMSSD (t+1) is a value greater than the value that is
[ times RrMSSD (t) (step S15: Yes), the determination unit
73¢ determines that the seated occupant is in a state of low
alertness (step S16). Ina case where RrMSSD (t+1) is a value
equal to or smaller than the value that is f§ times RrMSSD (1)
(step S15: No), the determination unit 73¢ determines that the
seated occupant is in a state of alertness (step S17).

[0046] Finally, the control device 70 determines whether
the seated occupant has provided a processing termination
instruction by pressing down a stop switch (not shown) or by
other operation (step S18). In a case where there is no instruc-
tion (step S18: No), the processing returns to step S11 where
the respiratory data is obtained. In a case where there is the
processing termination instruction (step S18: Yes), the control
device 70 ends the processing.

[0047] For the above-mentioned alertness determination
processing, in particular, if both the condition described in
step S13 that RIm (t+1) is a greater than RIm (t) and the
condition described in step S15 that RrMSSD (t+1) is greater
than the value that is f times RrMSSD (t) are not satisfied, it
is not determined as a comprehensive evaluation that the
occupant is in a state of low alertness. In addition, the interval
in which RIm as an average value of Rl is calculated in step
S13 and the interval in which RtMSSD is calculated in step
S14 are each set as an interval of 120 seconds, but are not
limited thereto. An interval may be set as an interval of 20
seconds to 300 seconds. As such interval is set to be longer, it
takes longer to determine alertness; however, the data quan-
tity to be extracted for averaging each parameter increases.
Therefore, the reliability of the alertness determination is
enhanced.

Examples of Alertness Determination

[0048] Next, how the above-mentioned alertness determi-
nation processing is performed in a case where a subject
drives a vehicle in which the alertness device 10 is mounted,
is described in detail with reference to actually measured data
shown in FIG. 6 and FIG. 7. Here, FIG. 6 is a chart illustrating
changes of RIm and RrMSSD of a subject at the time of
continuously driving through curves, according to an
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embodiment. FIG. 7 is a chart illustrating changes of RIm and
RrMSSD of a subject at the time of driving on the highway,
according to an embodiment.

[0049] InFIGS.6and7, RIm shownineach time interval in
the graph is an average value of RI which is obtained for two
minutes after the time interval. Likewise, RrMSSD shown in
each time interval in the graph is RrMSSD which is obtained
for two minutes after the time interval. In particular, in an
alertness determination under the actual measurements, a
constant § for comparison of Respiration root Mean Square
Successive Differences (RrMSSD) in temporally successive
intervals is set as 1.5 and indicated in each graph to evaluate
alertness.

Data at the Time of Continuously Driving Through Curves

[0050] Firstly, with a focus on RIm at the time of continu-
ously driving through curves, in FIG. 6, a point showing RIm
at 6 minute point is indicated by a surrounding dashed circle.
As shown here, in comparison with RIm shown at 4 minute
point in the graph, a value of RIm shown at 6 minute point in
the graph, which indicates an interval immediately after 4
minute point, has increased. That is, at the point surrounded
by such dashed circle, a condition of RIm that is determined
as a state of low alertness is satisfied.

[0051] Further, RrMSSD at the time of continuously driv-
ing through curves is focused on. A point showing RrMSSD
at 8 minute point is indicated by a surrounding dashed circle.
As shown here, in comparison with a value which is halfagain
RrMSSD shown at 6 minute point, a value of RrMSSD shown
at 8 minute point, which indicates an interval immediately
after 6 minute point, has increased. That is, at the point sur-
rounded by such dashed circle, a condition of RrMSSD that is
determined as a state of low alertness is satisfied.

[0052] However, if the both conditions of RIm and
RrMSSD that are determined as a state of low alertness are
not satisfied in the same interval, it is not determined as a
comprehensive evaluation that the subject is in a state of low
alertness. As a result, regarding the subject at the time of
continuously driving through curves, it is determined depend-
ing on data shown in FIG. 6 that the subject is not in a state of
low alertness in all of the intervals, i.e., that the subject is
maintained in a state of alertness.

Data at the Time of Driving on the Highway

[0053] Next, with a focus on RIm at the time of driving on
the highway, in FIG. 7, points showing RIm at 4 minute point
and 8 minute point after a measurement is started are indi-
cated by surrounding dashed circles. As shown here, in com-
parison with RIm at a point immediately before each of 4
minute point and 8 minute point, a value of RIm shown at each
of 4 minute point and 8 minute point, which indicates an
interval immediately after the previous point, has increased.
That is, at the points surrounded by such dashed circles, the
condition of RIm that is determined as a state of low alertness
is satisfied.

[0054] Further, RrMSSD at the time of driving on the high-
way 1is focused on. Points showing RrMSSD at 4 minute point
and 8 minute point after a measurement is started are indi-
cated by surrounding dashed circles. As shown here, in com-
parison with a value which is half again RrMSSD shown at a
point immediately before each of 4 minute point and 8 minute
point, avalue of RrMSSD shown at each 0f4 minute point and
8 minute point, which indicates an interval immediately after
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the previous point, has increased. That is, at the points sur-
rounded by such dashed circles, the condition of ReMSSD
that is determined as a state of low alertness is satisfied.

[0055] Here, at 4 minute point and 8 minute point, the both
conditions of RIm and RrMSSD that are determined as a state
of low alertness are satisfied. Therefore, in the subject at the
time of driving on the highway, it is determined as a compre-
hensive evaluation that the subject is in a state of low alertness
at 4 minute point and 8 minute point.

Alertness Maintenance Processing

[0056] Next, the alertness maintenance processing in
which the vibration motor M is driven on the basis of a result
of a state of low alertness, which is determined by the above-
mentioned alertness determination processing, is described
with reference to FIG. 8. First, when the engine of the vehicle
starts or the start switch (not shown) is pressed down, the
sensors 20 detect respiratory data, which is associated with
respirations of the seated occupant, in response to a change in
electrical resistance.

[0057] The respiratory data detected by the sensors 20 is
stored as potential difference data on the storageunit 72 of the
control device 70. That is, the control device 70 obtains the
respiratory data associated with the respirations of the seated
occupant (step S21).

[0058] Next, on the basis of the respiratory data obtained in
the sensors 20, the waveform generation unit 73a generates
RI waveform data as shown in FIG. 4 with R] as a respiratory
interval and time plotted on the axis (step S22).

[0059] Next, by setting 120 seconds as an interval in the
generated RI waveform data as shown in FIG. 5A, the calcu-
lation unit 735 calculates an average value RIm of RI for each
interval. Next, the determination unit 73¢ compares RIm (1)
calculated in an interval with RIm (t+1) in an interval directly
subsequent to the previous interval and determines whether
RlIm (t+1) is a value which is greater than RIm (t) in the
previous interval (step S23).

[0060] Inacase wherethe determination unit 73¢ has deter-
mined that RIm (t+1) is a value equal to or smaller than RIm
(1) (step S23: No), the processing returns to step S21 where
the respiratory data is obtained. In a case where the determi-
nation unit 73¢ has determined that RIm (t+1) is a value
greater than RIm (t) (step S23: Yes), the calculation unit 735
calculates an RrMSSD signal (step S24).

[0061] Next, the calculation unit 735 sets 120 seconds as an
interval, calculates RrMSSD for each interval, and compares
Respiration root Mean Square Successive Differences
(RrMSSD) in intervals next to each other. More specifically,
as shown in FIG. 5B, in a case where Respiration root Mean
Square Successive Differences (RrMSSD) in the intervals
next to each other are set as RrMSSD (t) and RtMSSD (t+1),
a value which is f times RrMSSD (1) in the previous interval
1s compared with RrMSSD (t+1) in the subsequent interval
(step S25). Here, a coefficient f§ is from 1.0 to 3.0, further
preferably 1.5.

[0062] According to the comparison as above, in a case
where RrMSSD (t+1) is a value equal to or smaller than the
value that is f§ times RrMSSD (t) (step S25: No), the process-
ing returns to step S21 where the respiratory data is obtained.
In a case where RrMSSD (t+1) is a value greater than the
value that is § times RrMSSD (1) (step S25: Yes), the drive
unit 73d drives the vibration motor M (step S26).
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[0063] The drive unit 734 continues to drive the vibration
motor M for a predetermined time period, thereafter stopping
the vibration motor M (step S28).

[0064] Finally, the control device 70 determines whether
the seated occupant has provided a processing termination
instruction by pressing down the stop switch (not shown) or
by other operation (step S29). In a case where there is no
instruction (step S29: No), the processing returns to step S21
where the respiratory data is obtained. Ina case where there is
the processing termination instruction (step S29: Yes), the
control device 70 ends the processing.

[0065] Inacase where the conditions of RIm and RrMSSD,
which indicate that alertness of the seated occupant is low, are
satisfied by the above-mentioned alertness maintenance pro-
cessing, the vibration motor M can be driven and the alertness
of the seated occupant can be effectively maintained.

[0066] Inaddition, the interval in which RIm as an average
value of R1 is calculated in step S23 and the interval in which
RrMSSD is calculated in step S24 are each set as an interval
of 120 seconds but are not limited thereto. An interval may be
from 20 seconds to 300 seconds. As such interval is set to be
longer, it takes longer to determine alertness; however, the
data quantity to be extracted for averaging each parameter
increases. Therefore, the reliability of the alertness determi-
nation is enhanced.

[0067] Moreover, in the aforementioned embodiment, as
shown in the Formula 2, RrMSSD is obtained by adding
temporally successive n sets, each consisting of the square of
a difference between respiratory intervals (RI) such as {RI
(O-RI(t-1)}"2, and dividing the added sets by a constant n.
Here, the constant n in the denominator exists in common in
temporally successive intervals in a case where Respiration
root Mean Square Successive Differences (RrMSSD) in the
previous and subsequent intervals are compared with each
other. Therefore, the constant n in the denominator in the
formula defined for RrMSSD is not necessarily necessary.
Consequently, instead of comparing Respiration root Mean
Square Successive Differences (RrMSSD) in the previous
and subsequent intervals, a comparison of RrtMSSDn defined
as the following Formula 1 may be made:

RrMSSDn=
VIRIO-RIG-1) P A LRI 1) -RI140-2)

[Formula 1]

[0068] In the present disclosure, the alertness device, the
seat, and the method for determining alertness according to
various embodiments are mainly described. Note that the
aforementioned embodiments are merely an example to
facilitate understanding of the present disclosure and does not
restrict the present disclosure. It will be understood that the
present disclosure may be changed and modified without
departing from the spirit of the present disclosure and that the
present disclosure may include its equivalents.

[0069] For example, the aforementioned embodiment
describes that a resistive pressure-sensitive sensor is used to
obtain a respiration signal. Alternatively, various types of
sensors may be used as long as a respiration signal can be
obtained, but the present disclosure is not limited to such
configuration. For example, instead of the resistive pressure-
sensitive sensor, a sensor configured by piezoelectric films
may be applied. Also, a sensor configured by a strain gauge
arranged within a buckle of a seat belt and detecting a small
change of tension of the seat belt, which is due to respiration,
may be applied.
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[0070] Further, the aforementioned embodiment describes
that in a case where the alertness device has determined that
the seated occupant is in a state of low alertness, the seated
occupant is stimulated by the vibration motor M; however, a
method foralarming the occupant is not limited to the method
by stimulus. Alternatively, a state of low alertness may be
alarmed by other forms. For example, when the alertness
device has determined a state of low alertness, the alertness
device may emit an alarm sound through a speaker or may
emit light by a light emitting device. Furthermore, a state of
low alertness may be indicated on a display, which is arranged
in a vehicle, to be indicated to a fellow occupant.

[0071] In the aforementioned embodiments, a vehicle seat
which can be mounted on an automobile is explained as a
concrete example, but other embodiments are not limited
thereto. The vehicle seat of the present disclosure can be
utilized as a passenger seat for an airplane, a boat, or the like.
Further, the embodiments of the vehicle seat of the present
disclosure may be applied to other seats such as a seat for a
movie theater or a performing theater and a relaxation seat.

TABLE OF REFERENCE NUMERALS

[0072] S: vehicle seat

[0073] 1: seat cushion

[0074] 2: seat back

[0075] 10: alertness device
[0076] 20: respiration sensor
[0077] 70: control device
[0078] 72: storage unit

[0079] 73a: waveform generation unit
[0080] 734: calculation unit
[0081] 73¢: determination unit
[0082] 73d: drive unit

[0083] M: vibration motor

1. An alertness device comprising:

a respiration sensor that obtains respiratory data of a per-
sor;

a calculation unit that calculates the respiratory data
obtained from the respiration sensor;

awaveform generation unit generates a respiratory interval
(RI) waveform for a respiratory waveform associated
with the respiratory data, the RI waveform being a tran-
sition in a predetermined time period of a respiratory
interval which is an interval for one respiration; and

a determination unit that determines a state of alertness of
the person on the basis of the respiratory data,

wherein a Respiration root Mean Square Successive Dif-
ferences (RrMSSDn) is defined by the following for-
mula:

RrMSSDn=
VIR -RIG- 1)+ H{RIt0-1)-RIG -2,

where the t-th RI in the RI waveform generated by the
waveform generation unit is determined as RI(t), and the
n-th RI after the t-th RI in the generated RI waveform is
defined as RI(t+n),

the calculation unit calculates an average value of the RI
and the RrMSSDn in a predetermined time period, and
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wherein in a case where an average value of the subsequent
RI is greater than an average value of the RI directly
previous to the subsequent RI and in a case where the
RrMSSDn of the subsequent R1 is greater than a value
which is obtained by multiplying the RrMSSDn of the
previous RI by a 3, the determination unit determines on
the basis of values calculated by the calculation unit that
the person is in a state of low alertness.

2. The alertness device according to claim 1, wherein the 3
is from 1.0 10 3.0.

3. The alertness device according to claim 1, wherein the
calculation unit calculates the average value of the R and the
RrMSSDn every time interval of 20 seconds to 300 seconds.

4. The alertness device according to claim 2, wherein the 3
is 1.5.

5. The alertness device according to claim 1, wherein the
calculation unit calculates the average value of the RI and the
RrMSSDn every 120 seconds.

6. The alertness device according to claim 1, comprising:

an alarm device that alarms the person or people around the

person; and

a drive unit driving the alarm device so that the alarm

device alarms the person or the people around the person
in a case where the determination unit determines that
the person is in a state of low alertness.

7. A seat comprising:

a seat cushion at which an occupant is to be seated;

a seat back which is a backrest for the seated occupant; and

the alertness device according to claim 1,

wherein the respiration sensor is arranged in the seat cush-

ion.

8. A method for determining alertness, comprising:

obtaining a respiration signal;

generating an RI waveform for a respiratory waveform

associated with the respiration signal, the RI waveform
being transition in a predetermined time period of a
respiratory interval (RI) which is an interval for one
respiration;

wherein a Respiration root Mean Square Successive Dif-

ferences (RrtMSSDn) is defined by the following for-
mula:

RrMSSDn=
V{RID-RIG-1) 2+ +{RIG-1)-RIG0-2)),

where the t-th RI in the generated RI waveform is defined
as RI(t), and the n-th RI after the t-th RI in the generated
RI waveform is defined as RI(t+n), calculating an aver-
agevalue of the Rl and the RrMSSDn in a predetermined
time period; and

in a case where an average value of the subsequent RI is
greater than an average value of the RI directly previous
to the subsequent RI and in a case where the RrMSSDn
of the subsequent RI is greater than a value which is
obtained by multiplying the RrMSSDn of the previous
RIby a f, determining that the person is in a state of low
alertness.
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