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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
preventing dozing off, and more particularly to a tech-
nique for detecting drowsiness using a heartbeat.

BACKGROUND ART

[0002] In recent years, the number of car accidents
has been decreasing. However, the number of accidents
caused by health condition has been increasing. Here,
the accidents caused by health condition refer to "acci-
dents where due to drivers’ diseases, the drivers were
unable to continue driving their cars" (car accident re-
porting rules, Article 2, Item 9). The drivers’ diseases in
the accidents caused by health condition mainly include
a myocardial infarction, a subarachnoid hemorrhage, a
cerebral hemorrhage, a stroke, a heart failure, etc., and
only brain and heart diseases form a majority. When driv-
ers suffer from such diseases during driving, it inevitably
leads to serious accidents and thus complete health care
is strongly demanded.

[0003] In addition, about 15% of the accidents caused
by health condition are accidents caused by dozing at
the wheel. As with the case in which drivers suffer from
a brain disease or a heart disease during driving, dozing
at the wheel is highly likely to lead to serious accidents.
Thus, various methods for preventing dozing at the wheel
are studied. Specifically, there are, for example, a meth-
od in which driver’s physical information such as a heart-
beat and respiration is detected by a sensor mounted in
a car and the physical information is analyzed to detect
driver’s drowsiness, and a method in which a driver’s
face image is photographed by a camera and dozing off
is detected from eyelid condition, etc. For example, a
"dozing prevention warning device that senses amoment
of a person going into a dozing state, from his/her brain-
wave frequency or heart rate and gives a warning" is
disclosed in Patent Document 1 (Abstract). In addition,
for example, a "driver’s state estimation device that de-
tects driver’s heart beat intervals and estimates a driver’s
state based on whether there is a change in the beat
intervals" is disclosed in Patent Document 2 (Ab-
stract).Further, EP 2 138 989 A1 discloses an awakening
device which comprises mental state information acqui-
sition means configured to acquire mental state informa-
tion related to a user, sound output means configured to
output sound and form a sound image according to the
sound thus outputted, fragrance emitting means config-
ured to emit a fragrance, and control means configured
to cause the fragrance emitting means to emit afragrance
in accordance with a distance between the user and the
sound image formed by the sound output means in a
case where the user has been determined as having tran-
sitioned to a specific state based on the mental state of
the user. Moreover, US 2009/275849 A1 discloses a
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method for calculating a variability value that is indicative
of AF by obtaining a signal sequence of a plurality of RR
intervals by monitoring electrical activity of a patient’s
heart. Each RR interval is converted into an instantane-
ous heart rate value and sorted into ascending order.
The difference between each successive heart rate is
calculated, discarding the two largest differences. The
variability value is calculated by adding the retained dif-
ferences. US 2003/199943 A1 discloses a cuff having
stimulating electrodes providing a wakefulness electrical
signal and a counter sleepiness electrical signal and a
sleepiness detector coupled to a control unit. The sleep-
iness detector detects an indicator of the onset of sleep,
such as the heart rate, and provides a signal to the control
unit. The control unit analyzes the heart rate and deter-
mines signs of sleepiness. Upon the detection of signs
of sleepiness, the counter sleepiness electrical signal is
provided to the stimulating electrodes, which contract
muscles in a user, preferably the calf muscles. The mus-
cle contraction provides a stimulus and improves circu-
lation that prevents undesired sleep and maintains wake-
fulness. Alertness is also increased. The present inven-
tion is an aid in preventing sleepiness for use in many
activities, such as prolonged driving, and performing oth-
er tedious or routine tasks. The invention also helps to
improve alertness and fend off the onset of sleepiness
increasing productivity and avoiding potentially danger-
ous accidents. US 2004/236236 A1 discloses a mental
state assessment method which assesses the mental
state of the subject based on variation of the subject’s
heart rate. Thus, it correctly assesses mental state of a
subject irrespective of external environment or time of
day.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0004]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 06-292661

Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2011-22738

SUMMARY of the Invention
Problems to be solved by the invention

[0005] Thus, according to an aspect, the problem re-
lates to providing a more reliable dozing prevention.
[0006] This problem is solved by a method as defined
in claim 1.

[0007] Preferred embodiments are defined in the de-
pendent claims.

[0008] Inamethod of detecting a brainwave frequency
as in Patent Document 1, since a lot of sensors need to
be attached to the head, it is not convenient to use. Also,
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since a brainwave is a very weak current, there is a prob-
lem that the brainwave is susceptible to disturbance
noise.

[0009] In addition, as described in Patent Documents
1 and 2, it is conventionally known that a dozing state is
detectable from heart rate, using the fact that heart rate
decreases when falling asleep. However, detecting a de-
crease in heart rate and then giving a warning after a
person goes into a dozing state is already too late. To
prevent dozing at the wheel, there is a need to detect a
pre-dozing state where a driver is about to go into a doz-
ing state, and give a warning before going into the dozing
state. In view of this, to detect the pre-dozing state, a
device is produced experimentally that detects the start
of decrease in heart rate and gives a warning. However,
the device has a problem that, even when a person is
not drowsy, the device frequently gives a warning due to
erroneous detection of drowsiness and thus the person
is annoyed and accordingly the device is not good.
[0010] The presentinvention is made in consideration
of conventional problems such as those described
above, and an object of the presentinventionis to provide
a dozing prevention method that is capable of detecting
a pre-dozing state where a driver is about to go into a
dozing state, while suppressing erroneous detection.
[0011] The method for preventing dozing off according
to the present invention comprises the steps of a meas-
urement step measuring human heartbeats; a decision
step generating a trigger, hereinafter referred to as a
"drowsiness trigger", for indicating occurrence of drow-
siness when a state in which a time interval between
adjacent heartbeats, hereinafter referred to as a "heart-
beat interval", is longer than the previous heartbeat in-
terval consecutively occurs; and a warning step giving a
warning to prevent dozing off when the drowsiness trig-
ger is generated.

[0012] In the decision step, the drowsiness trigger is
generated when the state in which the heartbeat interval
is longer consecutively occurs not less than four times.
[0013] In the decision step, the drowsiness trigger is
generated when the state in which the heartbeat interval
is longer consecutively occurs and a difference between
the first heartbeat interval and the last heartbeat interval
in the predetermined number of times exceeds a prede-
termined time.

[0014] Here, the predetermined time is preferably not
less than 60ms.
[0015] Here, itis preferred that a R-R interval which is

an interval between R waves in an electrocardiographic
signal is used as the heartbeat interval.

[0016] Inthe decisionstep, itis preferred that the heart-
beat interval is considered to have an abnormal value
when the heartbeat interval is out of a predetermined
range, the abnormal value is eliminated from a target of
decision made as to whether a state in which an heartbeat
interval is longer has occurred.

[0017] Here, the predetermined range is preferably
200ms to 3000ms.

10

15

20

25

30

35

40

45

50

55

[0018] In the decision step, it is preferred that an in-
stantaneous heart rate is calculated by multiplying an
inverse of an heartbeat interval, units of seconds, by 60;
an average of instantaneous heart rates at a plurality of
recent points where an absolute value of the difference
between an instantaneous heart rate and the previous
instantaneous heart rate is not more than a first prede-
termined number is calculated; the heartbeat interval is
considered to have an abnormal value when an absolute
value of the difference between the average and an in-
stantaneous heart rate corresponding to an heartbeat
which is an evaluation target is not less than a second
predetermined number, and the abnormal value is elim-
inated from a target of decision made as to whether a
state in which an heartbeat interval is longer has oc-
curred.

[0019] Here, itis preferred that the first predetermined
number is 30, the second predetermined number is 50,
the number of a plurality of recent points is from 4 to 20.
[0020] The dozing prevention device according to the
present invention is characterized in that the device ac-
cepts a heartbeat interval, decides that drowsiness has
occurred when a state in which the heartbeat interval is
longer than the previous heartbeat interval consecutively
occurs, and gives a warning to prevent dozing off.
[0021] Itis preferred that the dozing prevention device
further comprises a measurement part that measures hu-
man heartbeats; and a signal processing part that gen-
erates a heartbeat interval, based on the measured hu-
man heartbeats.

[0022] Here, itis preferred that a R-R interval which is
an interval between R waves in an electrocardiographic
signal is used as the heartbeat interval.

EFFECT OF THE INVENTION

[0023] According to the dozing prevention method ac-
cording to the present invention, when a state in which
atime interval between adjacent heartbeats is wider con-
secutively occurs, it is decided that drowsiness has oc-
curred, and thus, a warning to prevent dozing off can be
given. Accordingly, before going into a dozing state, hu-
man drowsiness is relieved and thus dozing off can be
prevented, and erroneous detection can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]
Fig. 1 is a schematic diagram showing a configura-
tion of a dozing prevention device according to a first
example
Fig. 2 is a chart showing the flow of a drowsiness
detection algorithm of the first embodiment of the

present invention.

Fig. 3 is a schematic diagram showing a configura-
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tion of a dozing prevention device according to a
second example

Fig. 4 is a chart showing the flow of a drowsiness
detection algorithm of the second embodiment of the
present invention.

Fig. 5 is a schematic diagram showing a configura-
tion of a dozing prevention device according to a
third example

Fig. 6 is a chart showing the flow of a drowsiness
detection algorithm of the third embodiment of the
present invention.

Fig. 7 is a schematic diagram showing a configura-
tion of a dozing prevention device according to a
fourth example

Fig. 8 is a chart showing the flow of a drowsiness
detection algorithm of the fourth embodiment of the
present invention.

Fig. 9 is a schematic diagram showing a configura-
tion of a dozing prevention device according to a fifth
example

Fig. 10 is a chart showing the flow of a drowsiness
detection algorithm of the fifth embodiment of the
present invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0025] The method for preventing dozing off according
to the present invention comprises the steps of a meas-
urement step measuring human heartbeats; a decision
step generating a trigger for indicating occurrence of
drowsiness when a state in which a time interval between
adjacent heartbeatsislongerthan the previous heartbeat
interval consecutively occurs; and a warning step giving
awarning to prevent dozing off when the drowsiness trig-
ger is generated.

[0026] In the measurement step, a heartbeat is meas-
ured by measuring the pulse, electrocardiogram, etc., of
a human (e.g., a driver of an automobile) using a pulse
sensor, an electrocardiograph, etc., and the heartbeat
itselfis outputted or a heartbeat interval is calculated and
outputted.

[0027] In the decision step, when a signal indicating a
heartbeat itself is received in real time from the meas-
urement step, a heartbeat interval is calculated based on
the heartbeat signal. In addition, in the decision step,
when a heartbeat interval which is calculated in the de-
cision step or is directly outputted from the measurement
step is longer than the previous heartbeat interval, a de-
cision as to whether the heartbeat interval is longer is
repeated in the same manner for a subsequent heartbeat
interval, too. When a state in which the heartbeat interval
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is longer consecutively occurs a predetermined number
of times, a drowsiness trigger is generated.

[0028] In the warning step, when a drowsiness trigger
is generated in the decision step, in response to this, a
warning to prevent dozing off is given. Here, the warning
is, for example, a warning sound, voice that calls atten-
tion, image display that calls attention, vibration, light,
and the like, and may be any warning as long as human
drowsiness is relieved or the effect of preventing dozing
off can be expected by the warning.

[0029] The dozing prevention device is characterized
in that the device accepts a heartbeat interval, the device
decides that drowsiness has occurred when a state in
which the heartbeat interval is longer than the previous
heartbeat interval consecutively occurs, and gives a
warning to prevent dozing off. Here, the dozing preven-
tion device is an analysis device that performs the above-
described decision step and the above-described warn-
ing step.

[0030] As such, according to the dozing prevention
method according to the present invention, when a state
in which a time interval between adjacent heartbeats is
longer consecutively occurs, itis decided thatdrowsiness
has occurred, and thus, a warning to prevent dozing off
can be given. Accordingly, before going into a dozing
state, human drowsiness is relieved and thus dozing off
can be prevented, and erroneous detection can be re-
duced.

[0031] In addition, it is preferred that the dozing pre-
vention device further comprises a measurement part
that measures human heartbeats; and a signal process-
ing part that generates a heartbeat interval, based on the
measured human heartbeats.

[0032] The measurement part is a pulse sensor, an
electrocardiograph, etc., that measure human heart-
beats.

[0033] The signal processing partis a computer having
installed thereon software that calculates a heartbeat in-
terval based on a human heartbeat measured by the
measurement part, a measuring device, etc.

[0034] When apulseis measured using a pulse sensor
in the measurement part, a human fingertip, earlobe, or
the like, is irradiated with near infrared rays having a
wavelength of 700 nm to 1200 nm, and the amount of
reflection of the near infrared rays can be measured in a
contact or contactless manner. In addition, when an elec-
trocardiographic signal is measured using an electrocar-
diograph in the measurement part, it is preferred to use,
as a heartbeat interval, an R-R interval (hereinafter, de-
scribed as an "RRI") which is an interval between adja-
cent R waves (peaks) in an electrocardiogram.

(First Embodiment)

[0035] Fig. 1 is a schematic diagram showing a con-
figuration of a dozing prevention device according to a
first example A dozing prevention device 1 shown in Fig.
1 comprises an electrocardiograph 10 and an analyzer
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11.

[0036] The electrocardiograph 10 comprises an elec-
trocardiogram measurement part 12 having the function
of the above-described measurement part; and an RRI
calculation part 13 having the function of the above-de-
scribed signal processing part. The electrocardiograph
10 is compact and lightweight, and a whole main body
thereof can be attached to human skin with an electrode
(not shown) on the back side of the main body adhered
tightly to the human chest. Thus, the electrocardiograph
10 is covered under clothing and thus is unnoticeable.
The electrocardiogram measurement part 12 measures
an electrocardiographic signal, with the electrode ad-
hered tightly to the human chest. The RRI calculation
part 13 calculates an RRI based on the measured elec-
trocardiographic signal and transmits the RRI to the an-
alyzer 11. Here, three RRlIs are wirelessly transmitted all
at once to reduce the frequency of transmission and re-
ceiving, by which the life of a built-in battery (not shown)
improves. Note that the RRI calculation part 13 only
needs to be comprised in either one of the electrocardi-
ograph 10 or the analyzer 11. Thus, the electrocardio-
graph 10 does not necessarily need to comprise the RRI
calculation part 13.

[0037] In addition, instead of the electrocardiograph
10, other devices that measure heartbeats, such as a
pulse sensor, may be used. Since an electrocardiograph-
ic signal exhibits explicit peaks compared to pulses, when
an electrocardiograph is used, the accuracy of heartbeat
intervals increases, and thus, there is an advantage that
erroneous recognition is less likely to occur. On the other
hand, when a pulse sensor is used, there is an advantage
that the measuring device is relatively easy to attach to
the body. Particularly, when a contactless measurement
type is used, cumbersome attachment of the measuring
device to the body is unnecessary and thus there is a
possibility of the measuring device spreading widely.
[0038] The analyzer 11 comprises a receiving part 14,
adecision part 15, and a warning part 16, and is mounted
in an automobile, etc.

[0039] Thereceiving part 14 receives RRIs transmitted
from the electrocardiograph 10. Here, the receiving part
14 receives and holds three RRIs all at once, and outputs
the RRIs in turn from the temporally oldest one.

[0040] The decision part 15 has the function of per-
forming the above-described decision step. The decision
part 15 receives an RRI from the receiving part 14, per-
forms analysis according to a drowsiness detection al-
gorithm, and generates a drowsiness trigger when de-
ciding that a condition for the occurrence of drowsiness
is met.

[0041] The decision part 15 includes an interval com-
parison part 17 and a consecutiveness decision part 18.
[0042] The interval comparison part 17 compares an
RRI which is an evaluation target with the previous RRI
to decide whether a state in which the RRI which is the
evaluation target is longer than the previous RRI has oc-
curred.
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[0043] When the interval comparison part 17 decides
that a state in which the RRI is longer has occurred, the
consecutiveness decision part 18 further decides wheth-
er this state consecutively occurs a predetermined
number of times. Here, the predetermined number of
times is preferably not less than four times. If less than
four times, the effect of suppressing erroneous operation
cannot be expected.

[0044] In the first example when the consecutiveness
decision part 18 decides that the state consecutively oc-
curs the predetermined number of times, it is decided
that the condition for the occurrence of drowsiness is
met, and thus, the decision part 15 generates a drowsi-
ness trigger.

[0045] The warning part 16 has the function of perform-
ing the above-described warning step. When a drowsi-
ness trigger is generated, the warning part 16 gives a
warning to prevent dozing off.

[0046] A detail of the drowsiness detection algorithm
performed by the analyzer 11 will be described below.
[0047] Fig. 2 is a chart showing the flow of the drowsi-
ness detection algorithm of the first embodiment of the
present invention.

[0048]

(1) Initial setting is performed (step S1). Here, an
initial value "0" is set for a variable N indicating the
number of times the state consecutively occurs.

(2) The receiving part 14 decides whether to have
unprocessed RRIs (step S2).

(3) If the receiving part 14 holds unprocessed RRIs
(step S2: YES), the receiving part 14 outputs the
unprocessed RRIs in order of temporally oldest first
(step S3).

(4) With an RRI outputted from the receiving part 14
being an evaluation target, the interval comparison
part 17 compares the RRI with the previous RRI to
decide whether a state in which the RRI which is the
evaluation target is longer than the previous RRI has
occurred (step S4).

(5) If it is decided that a state in which the RRI is
longer has not occurred (step S4: NO), the variable
N is set back to its initial value, and processing re-
turns to step S2 to perform the next RRI process
(step S5).

(6) If it is decided that a state in which the RRI is
longer has occurred (step S4: YES), the consecu-
tiveness decision part 18 increments the variable N
(step S6).

(7) It is decided whether a predetermined number of
times whichis setinadvance hasbeenreached (step
S7). Here, it is decided whether the variable N is not
less than 4 (step S7). If the predetermined number
of times which is set in advance has not been
reached (step S7: NO), processing returns to step
S2 to perform the next RRI process.

(8) If the predetermined number of times which is set
in advance has been reached (step S7: YES), the
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variable N is set back to its initial value, and the de-
cision part 15 generates a drowsiness trigger and
notifies the warning part 16 of the drowsiness trigger
(step S8).

(9) Inresponse to the drowsiness trigger, the warning
part 16 gives a warning to prevent dozing off (step
S9).

(Second Embodiment)

[0049] Fig. 3 is a schematic diagram showing a con-
figuration of a dozing prevention device according to a
second example.

[0050] A dozing prevention device 2 shown in Fig. 3
comprises an electrocardiograph 10 and an analyzer 20.
Note that the same components as those of the dozing
prevention device 1 of the first embodiment are denoted
by the same reference signs and a description thereof is
omitted.

[0051] The analyzer 20 comprises a receiving part 14,
adecision part 21, and a warning part 16, and is mounted
in an automobile, etc., in the same manner as the ana-
lyzer 11 of the first embodiment.

[0052] The decision part 21 has the function of per-
forming the above-described decision step. The decision
part 21 receives an RRI from the receiving part 14, per-
forms analysis according to a drowsiness detection al-
gorithm, and generates a drowsiness trigger when de-
ciding that conditions for the occurrence of drowsiness
are met.

[0053] The decision part 21 includes an interval com-
parison part 17, a consecutiveness decision part 18, and
a total-amount-of-change decision part 22.

[0054] When the consecutiveness decision part 18 de-
cides that a state in which an RRI is longer consecutively
occurs a predetermined number of times, the total-
amount-of-change decision part 22 further decides
whether the difference between the first RRI and the last
RRI in the predetermined number of times exceeds a
predetermined time. Here, the predetermined time is
preferably not less than 60 ms, more preferably not less
than 90 ms, and further more preferably not less than
120 ms. Though there is no upper limit to the predeter-
mined time, in order to avoid analysis of a heartbeat in-
terval with an abnormal value, the predetermined time is
preferably not more than 600 ms. If the predetermined
time is less than 60 ms, the effect of suppressing erro-
neous operation cannot be expected.

[0055] In the second example when the consecutive-
ness decision part 18 decides that the state consecutively
occurs the predetermined number of times and the total-
amount-of-change decision part 22 decides that the dif-
ference exceeds the predetermined time, it is decided
that the conditions for the occurrence of drowsiness are
met, and thus, the decision part 21 generates a drowsi-
ness trigger.

[0056] A detail of the drowsiness detection algorithm
performed by the analyzer 20 will be described below.
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[0057] Fig. 4 is a chart showing the flow of the drowsi-
ness detection algorithm of the second embodiment of
the present invention. Note that the same steps as those
of the drowsiness detection algorithm performed by the
analyzer 11 of the first example are denoted by the same
reference signs and a description thereof is omitted.
[0058]

(1) to (7) The same as S1 to S7 in Fig. 2.

(8) If the predetermined number of times which is set
in advance has been reached (step S7: YES), the
total-amount-of-change decision part 22 decides
whether the difference between the first RRI and the
last RRI in the predetermined number of times ex-
ceeds a predetermined time which is set in advance
(step S21). If it is decided that the different does not
exceed the predeterminedtime (step S21: NO), with-
out setting the variable N back to its initial value,
processing returns to step S2 to perform the next
RRI process.

(9) If it is decided that the difference exceeds the
predetermined time (step S21: YES), the variable N
is set back to its initial value, and the decision part
21 generates a drowsiness trigger and notifies the
warning part 16 of the drowsiness trigger (step S22).
(10) The same as S9 in Fig. 2.

(Third Embodiment)

[0059] Fig. 5 is a schematic diagram showing a con-
figuration of a dozing prevention device according to a
third example.

[0060] A dozing prevention device 3 shown in Fig. 5
comprises an electrocardiograph 10 and an analyzer 30.
Note that the same components as those of the dozing
prevention device 1 of the first embodiment are denoted
by the same reference signs and a description thereof is
omitted.

[0061] The analyzer 30 comprises a receiving part 14,
adecision part 31, and awarning part 16, and is mounted
in an automobile, etc., in the same manner as the ana-
lyzer 11 of the first embodiment.

[0062] The decision part 31 has the function of per-
forming the above-described decision step. The decision
part 31 receives an RRI from the receiving part 14, per-
forms analysis according to a drowsiness detection al-
gorithm, and generates a drowsiness trigger when de-
ciding that a condition for the occurrence of drowsiness
is met.

[0063] The decision part 31 includes an abnormal val-
ue detection part 32, an abnormal value removal part 33,
an interval comparison part 17, and a consecutiveness
decision part 18.

[0064] When an RRI outputted from the receiving part
14 is out of a predetermined range, the abnormal value
detection part 32 considers the RRI to have an abnormal
value. For example, when the RRI shows a value not
more than 200 ms and when the RRI shows a value not
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less than 3000 ms, the values are considered to be out
of the predetermined range.

[0065] The abnormal value removal part 33 eliminates
an RRI which is considered by the abnormal value de-
tection part 32 to have an abnormal value, from a target
of decision made by the interval comparison part 17 as
to whether a state in which an RRl is longer has occurred.
[0066] In the third sample when the consecutiveness
decision part 18 decides that the state consecutively oc-
curs a predetermined number of times, it is decided that
a condition for the occurrence of drowsiness is met, and
thus, the decision part 31 generates a drowsiness trigger.
[0067] A detail of the drowsiness detection algorithm
performed by the analyzer 30 will be described below.
[0068] Fig. 6 is a chart showing the flow of the drowsi-
ness detection algorithm of the third embodiment of the
present invention. Note that the same steps as those of
the drowsiness detection algorithm performed by the an-
alyzer 11 of the first example are denoted by the same
reference signs and a description thereof is omitted.
[0069]

(1) to (3) The same as S1 to S3 in Fig. 2.

(4) When an RRI outputted from the receiving part
14 is out of a predetermined range, the abnormal
value detection part 32 considers the RRI to have
an abnormal value (step S31).

(5) If the RRI is considered to have an abnormal val-
ue (step S31: YES), the abnormal value removal part
33 sets the variable N back to its initial value, and
processing returns to step S2 to perform the next
RRI process (step S32).

(6) to (11) If the RRI is not considered to have an
abnormal value (step S31: NO), the same as S4 to
S9in Fig. 2.

(Fourth Embodiment)

[0070] Fig. 7 is a schematic diagram showing a con-
figuration of a dozing prevention device according to a
fourth example.

[0071] A dozing prevention device 4 shown in Fig. 7
comprises an electrocardiograph 10 and an analyzer 40.
Note that the same components as those of the dozing
prevention device 1 of the first example are denoted by
the same reference signs and a description thereof is
omitted.

[0072] The analyzer 40 comprises a receiving part 14,
adecision part41, and a warning part 16, and is mounted
in an automobile, etc., in the same manner as the ana-
lyzer 11 of the first example.

[0073] The decision part 41 has the function of per-
forming the above-described decision step. The decision
part 41 receives an RRI from the receiving part 14, per-
forms analysis according to a drowsiness detection al-
gorithm, and generates a drowsiness trigger when de-
ciding that a condition for the occurrence of drowsiness
is met.
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[0074] The decision part 41 includes an abnormal val-
ue detection part 42, an abnormal value removal part 43,
an interval comparison part 17, and a consecutiveness
decision part 18.

[0075] The abnormal value detection part 42 decides
whether an RRI outputted from the receiving part 14 is
to be considered to have an abnormal value. In the fourth
example, an instantaneous heart rate is calculated by
multiplying an inverse of an RRI (units of seconds) by
60. An average of instantaneous heart rates at a plurality
of recent points ("eight points" in the present embodi-
ment) where an absolute value of the difference between
an instantaneous heart rate and the previous instanta-
neous heart rate is not more than a first predetermined
number ("18" in the present embodiment) is calculated.
Then, when an absolute value of the difference between
the average and an instantaneous heart rate correspond-
ing to an RRI which is an evaluation target is not less
than a second predetermined number ("35" in the present
embodiment), the RRI which is the evaluation target is
considered to have an abnormal value. Here, the first
predetermined number is preferably 30, more preferably
20, and further more preferably 15. In addition the second
predetermined number is preferably 50, more preferably
40, and further more preferably 30.

[0076] Note that the first predetermined number, the
second predetermined number, and the number of a plu-
rality of recent points may be changed as appropriate,
according to individual differences, etc. For example, the
first predetermined number may be changed as appro-
priate to not more than 30, the second predetermined
number to not less than 30, and the number of a plurality
of recent points within a range of 4 to 20.

[0077] The abnormal value removal part 43 eliminates
an RRI which is considered by the abnormal value de-
tection part 42 to have an abnormal value, from a target
of decision made by the interval comparison part 17 as
to whether a state in which an RRI is longer has occurred.
[0078] In the fourth example, when the consecutive-
ness decision part 18 decides that the state consecutively
occurs a predetermined number of times, it is decided
that a condition for the occurrence of drowsiness is met,
and thus, the decision part 41 generates a drowsiness
trigger.

[0079] A detail of the drowsiness detection algorithm
performed by the analyzer 40 will be described below.
[0080] Fig. 8 is a chart showing the flow of the drowsi-
ness detection algorithm of the fourth embodiment of the
present invention. Note that the same steps as those of
the drowsiness detection algorithm performed by the an-
alyzer 11 of the first example are denoted by the same
reference signs and a description thereof is omitted.
[0081]

(1) to (3) The same as S1 to S3 in Fig. 2.

(4) The abnormal value detection part 42 decides
whether an RRI outputted from the receiving part 14
is to be considered to have an abnormal value (step
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S41).

(5) If the RRI is considered to have an abnormal val-
ue (step S41: YES), the abnormal value removal part
43 sets the variable N back to its initial value, and
processing returns to step S2 to perform the next
RRI process (step S42).

(6) to (11) If the RRI is not considered to have an
abnormal value (step S41: NO), the same as S4 to
S9in Fig. 2.

(Fifth Embodiment)

[0082] Fig. 9 is a schematic diagram showing a con-
figuration of a dozing prevention device according to a
fifth example.

[0083] A dozing prevention device 5 shown in Fig. 9
comprises an electrocardiograph 10 and an analyzer 50.
Note that the same components as those of the dozing
prevention device 1 of the first example the dozing pre-
vention device 2 of the second example the dozing pre-
vention device 3 of the third example and the dozing pre-
vention device 4 of the fourth example are denoted by
the same reference signs and a description thereof is
omitted.

[0084] The analyzer 50 comprises a receiving part 14,
adecision part 51, and a warning part 16, and is mounted
in an automobile, etc., in the same manner as the ana-
lyzer 11 of the first example.

[0085] The decision part 51 has the function of per-
forming the above-described decision step. The decision
part 51 receives an RRI from the receiving part 14, per-
forms analysis according to a drowsiness detection al-
gorithm, and generates a drowsiness trigger when de-
ciding that conditions for the occurrence of drowsiness
are met.

[0086] The decision part 51 includes an abnormal val-
ue detection part 32, an abnormal value removal part 33,
an abnormal value detection part 42, an abnormal value
removal part 43, an interval comparison part 17, a con-
secutiveness decision part 18, and a total-amount-of-
change decision part 22.

[0087] A detail of the drowsiness detection algorithm
performed by the analyzer 50 will be described below.
[0088] Fig. 10 is a chart showing the flow of the drow-
siness detection algorithm of the fifth embodiment of the
present invention. Note that the same steps as those of
the drowsiness detection algorithm performed by the an-
alyzer 11 of the first example, the analyzer 20 of the sec-
ond example, the analyzer 30 of the third example, and
the analyzer 40 of the fourth example are denoted by the
same reference signs and a description thereof is omit-
ted.

[0089]

(1) to (3) The same as S1 to S3 in Fig. 2.

(4) to (5) The same as S31 to S32in Fig. 6.

(6) to (7) The same as S41 to S42 in Fig. 8.

(8) to (11) If the RRI is not considered to have an
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abnormal value (step S41: NO), the same as S4 to
S7 in Fig. 2.

(12) to (13) The same as S21 to S22 in Fig. 4.

(14) The same as S9 in Fig. 2.

[0090] Note that the above-described embodiments
can be combined together as appropriate as long as the
combination does not cause a contradiction.

(Verification)

[0091] Using the dozing prevention device 5 of the fifth
example, verification is performed for the usefulness of
the dozing prevention device.

[0092] A compact electrocardiograph is attached to a
driver. When the driver gets drowsy during driving, the
driver pushes a logger button for time recording to record
a time when drowsiness has occurred. Then, a correla-
tion between the recorded time and a time when a warn-
ing is given is verified.

[0093] By a technique such as that described above,
data of 133 hours in total for 60 cases with not less than
40 minutes is obtained from 24 drivers.

[0094] Of the 60 cases, there are 28 drowsiness re-
ports. The dozing prevention device used for the verifi-
cation is able to detect drowsiness and give a warning in
20 of the 28 reports (71%). In addition, dozing at the
wheel does not occur.

[0095] The frequency of giving a warning when there
is no drowsiness report is on an average of about once
in 73 minutes, and the drivers give their impressions that
the frequency of a warning given by erroneous detection
is not at an annoying level.

[0096] As described above, using the dozing preven-
tion device according to the present invention, in the 60
cases, a pre-dozing state where a driver is about to go
into a dozing state can be detected in 71% while errone-
ous detection is suppressed to a "not annoying" level.
Hence, according to the dozing prevention method ac-
cording to the present invention, before going into a doz-
ing state, human drowsiness is relieved and thus dozing
can be prevented, and erroneous detection can be re-
duced. Note that the dozing prevention method and the
dozing prevention device can also be used for other ap-
plications than automobiles.

INDUSTRIAL APPLICABILITY

[0097] A dozing prevention method and a dozing pre-
vention device of the present invention can be widely
used for when driving a vehicle such as an automobile,
etc.

DESCRIPTION OF REFERENCE SIGNS
[0098]

1to5 Dozing prevention device
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Electrocardiograph

Analyzer

Electrocardiogram measurement part
RRI calculation part

Receiving part

Decision part

Warning part

Interval comparison part
Consecutiveness decision part
Analyzer

Decision part
Total-amount-of-change decision part
Analyzer

Decision part

Abnormal value detection part
Abnormal value removal part
Analyzer

Decision part

Abnormal value detection part
Abnormal value removal part
Analyzer

Decision part

1. A method for preventing dozing off, comprising the
steps of:

a measurement step measuring human heart-
beats;

a decision step (S1-S8) generating a trigger,
hereinafter referred to as a "drowsiness trigger",
for indicating occurrence of drowsiness; and

a warning step (S9) giving a warning to prevent
dozing off when the drowsiness trigger is gen-
erated,

wherein

in the decision step (S1-S8), the drowsiness trig-
ger is generated when a state in which a time
interval between adjacent heartbeats, hereinaf-
ter referred to as a "heartbeat interval”, is longer
than the previous heartbeat interval consecu-
tively occurs not less than four times (S4-S7),
and a difference between the first heartbeat in-
terval and the last heartbeat interval in the heart-
beat intervals consecutively occurring not less
than four times exceeds a predetermined time
(821),

the predetermined time is not less than 60ms,
wherein a dozing prevention device comprises
an electrocardiograph; and an analyzer includ-
ing a receiving part, a decision part, and a warn-
ing part;

the electrocardiograph having the function of
performing the measurement step,

the decision part has the function of performing
the decision step, and
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the warning part has the function of performing
the warning step.

The method according to any preceding claims,
wherein a R-R interval which is an interval between
R waves in an electrocardiographic signal is used
as the heartbeat interval.

The method according to claim 1, wherein in the de-
cision step, the heartbeat interval is considered to
have an abnormal value when the heartbeat interval
is out of a predetermined range, the abnormal value
is eliminated from a target of decision made as to
whether a state in which a heartbeatintervalis longer
has occurred.

The method according to claim 3, wherein
the predetermined range is 200ms to 3000ms.

The method according to claim 3, wherein

in the decision step, an instantaneous heart rate is
calculated by multiplying an inverse of the heartbeat
interval, units of seconds, by 60,

an average of instantaneous heart rates at a plurality
of recent points where an absolute value of the dif-
ference between the instantaneous heart rate and
the previous instantaneous heart rate is not more
than a first predetermined number is calculated,
the heartbeat interval is considered to have an ab-
normal value when an absolute value of the differ-
ence between the average and an instantaneous
heart rate corresponding to a heartbeat which is an
evaluation target is not less than a second predeter-
mined number, and the abnormal value is eliminated
from a target of decision made as to whether a state
in which a heartbeat interval is longer has occurred.

The method according to claim 5, wherein

the first predetermined number is 30,

the second predetermined number is 50,

the number of a plurality of recent points is from 4 to
20.

The method according to claim 1, wherein

in the decision step, an instantaneous heart rate is
calculated by multiplying an inverse of the heartbeat
interval, units of seconds, by 60,

an average of instantaneous heart rates at a plurality
of recent points where an absolute value of the dif-
ference between the instantaneous heart rate and
the previous instantaneous heart rate is not more
than a first predetermined number is calculated,
the heartbeat interval is considered to have an ab-
normal value when an absolute value of the differ-
ence between the average and an instantaneous
heart rate corresponding to a heartbeat which is an
evaluation target is not less than a second predeter-
mined number, and the abnormal value is eliminated
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from a target of decision made as to whether a state
in which a heartbeat interval is longer has occurred.

The method according to claim 7, wherein

the first predetermined number is 30,

the second predetermined number is 50,

the number of a plurality of recent points is from 4 to
20.

Patentanspriiche

Einschlafverhinderungsverfahren, das
Schritte umfasst:

folgende

einen Messschritt zum Messen menschlicher
Herzschlage;

einen Entscheidungsschritt (S1-S8), der einen
Ausloser erzeugt, nachfolgend als "Mudigkeits-
ausloser" bezeichnet, zum Anzeigen des Auf-
tretens von Mudigkeit; und

einen Warnschritt (S9), der eine Warnung aus-
gibt, um das Einschlafen zu verhindern, wenn
der Midigkeitsausldser erzeugt wird,

wobei

im Entscheidungsschritt (S1-S8) der Mudig-
keitsausléser erzeugt wird, wenn ein Zustand,
in dem ein Zeitintervall zwischen benachbarten
Herzschlagen, nachfolgend als "Herzschlagin-
tervall" bezeichnet, langer ist als das vorherige
Herzschlagintervall, nicht weniger als viermal
hintereinander auftritt (S4-S7) und ein Unter-
schied zwischen dem ersten Herzschlaginter-
vall und dem letzten Herzschlagintervall in den
Herzschlagintervallen, die nacheinander nicht
weniger als viermal auftreten, einen vorbe-
stimmten Wert Ubersteigt (S21),

die vorbestimmte Zeit nicht weniger als 60 ms
betragt;

wobei eine Einschlafverhinderungsvorrichtung
einen Elektrokardiographen und einen Analysa-
tor umfasst, der einen Empfangsteil, einen Ent-
scheidungsteil und einen Warnteil umfasst;
wobei der Elektrokardiograph die Funktion hat,
den Messschritt auszufiihren, und

der Entscheidungsteil die Funktion hat, den Ent-
scheidungsschritt auszufiihren, und

der Warnteil die Funktion hat, den Warnschritt
auszufihren.

Verfahren nach einem der vorherigen Anspriiche,
wobei ein RR-Intervall, bei dem es sich um ein In-
tervall zwischen R-Zacken in einem elektrokardio-
graphischen Signal handelt, als Herzschlagpegel
genutzt wird.

Verfahren nach Anspruch 1, wobei
im Entscheidungsschritt das Herzschlagintervall als
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10

einen anormalen Wert habend erachtet wird, wenn
das Herzschlagintervall auRerhalb des vorbestimm-
ten Bereichs liegt, und der anormale Wert aus einem
dahingehenden Entscheidungsziel eliminiert wird,
obeinZustand eingetretenist, in demein Herzschlag
langer ist.

Verfahren nach Anspruch 3, wobei
der vorbestimmte Bereich 200 ms bis 3000 ms be-
tragt.

Verfahren nach Anspruch 3, wobei

im Entscheidungsschritt eine momentane Herzfre-
quenz berechnetwird, indem ein Kehrwert des Herz-
schlagintervalls, Sekundeneinheiten, mit 60 multip-
liziert wird,

ein Mittelwert von momentanen Herzfrequenzen bei
einer Vielzahl von kirzlich erfassten Punkten, bei
denen ein absoluter Wert des Unterschiedes zwi-
schen der momentanen Herzfrequenz und der vor-
herigen Herzfrequenz nicht héher liegt als eine erste
vorbestimmte Zahl, berechnet wird,

das Herzschlagintervall als einen anormalen Wert
habend erachtet wird, wenn ein absoluter Wert des
Unterschieds zwischen der durchschnittlichen und
momentanen Herzfrequenz, die einem Herzschlag
entspricht, die ein Bewertungsziel ist, nicht niedriger
ist als eine zweite vorbestimmte Zahl, und der anor-
male Wert aus dahingehend aus einem Entschei-
dungsziel eliminiert wird, ob ein Zustand eingetreten
ist, in dem ein Herzschlagintervall langer ist.

Verfahren nach Anspruch 5, wobei

die erste vorbestimmte Zahl 30 ist,

die zweite vorbestimmte Zahl 50 ist,

die Zahl der Vielzahl kirzlich erfasster Punkte von
4 bis 20 reicht.

Verfahren nach Anspruch 1, wobei

im Entscheidungsschritt eine momentane Herzfre-
quenz berechnetwird, indem ein Kehrwert des Herz-
schlagintervalls, Sekundeneinheiten, mit 60 multip-
liziert wird,

ein Mittelwert von momentanen Herzfrequenzen bei
einer Vielzahl von kirzlich erfassten Punkten, bei
denen ein absoluter Wert des Unterschiedes zwi-
schen der momentanen Herzfrequenz und der vor-
herigen Herzfrequenz nicht héher liegt ist als eine
erste vorbestimmte Zahl, berechnet wird,

das Herzschlagintervall als einen anormalen Wert
habend erachtet wird, wenn ein absoluter Wert des
Unterschieds zwischen der durchschnittlichen und
einer momentanen Herzfrequenz, die einem Herz-
schlag entspricht, die ein Bewertungsziel ist, nicht
niedriger ist als eine zweite vorbestimmte Zahl, und
der anormale Wert aus dahingehend aus einem Ent-
scheidungsziel eliminiert wird, ob ein Zustand ein-
getretenist, in dem ein Herzschlagintervalllanger ist.
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8. Verfahren nach Anspruch 7, wobei

die erste vorbestimmte Zahl 30 ist,

die zweite vorbestimmte Zahl 50 ist,

die Zahl der Vielzahl kirzlich erfasster Punkte von
4 bis 20 reicht.

Revendications

Procédé de prévention de I'assoupissement, com-
prenant les étapes suivantes :

une étape de mesure pour mesurer le battement
du coeur d’une personne ;

une étape de décision (S1 a S8) générant un
déclic, ci-aprés appelé un «déclic de
somnolence », qui indique une occurrence de
somnolence ; et une étape d’avertissement (S9)
émettant un avertissement pour empécher 'as-
soupissement lorsque le déclic de somnolence
est émis, dans laquelle a I'étape de décision (S1
a S8), le déclic de somnolence est généré lors-
qu’'un état dans lequel un intervalle de temps
entre des battements du coeur adjacents, ci-
aprés appelé «intervalle de battements du
coeur », est plus long que l'intervalle de batte-
ments du coeur précédent qui se produit consé-
cutivement pas moins de quatre fois (S4 a S7),
et une différence entre le premier intervalle de
battements du coeur et le dernier intervalle de
battements du coeur dans les intervalles de bat-
tements du coeur se produisant consécutive-
ment pas moins de quatre fois dépasse une pé-
riode prédéterminée (S21),

la période prédéterminée est d’au moins 60 ms,
dans lequel un dispositif de prévention de 'as-
soupissement comprend un
électrocardiographe ; et un analyseur compre-
nant une partie réception, une partie décision et
une partie avertissement ;
I'électrocardiographe ayant la fonction de réali-
ser I'étape de mesure,

la partie décision a la fonction de réaliser I'étape
de décision, et

la partie avertissement a la fonction de réaliser
I'étape d’avertissement.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel :

unintervalle R-R qui estunintervalle entre des ondes
R dans un signal électrocardiographique est utilisé
comme intervalle de battements du coeur.

Procédé selon la revendication 1, dans lequel

a I'étape de décision, l'intervalle de battements du
coeur est considéré comme ayant une valeur anor-
male lorsque l'intervalle de battements du coeur se
situe hors d’une plage prédéterminée, la valeur anor-
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1"

male est éliminée d’une cible de décision prise a
savoir si un état dans lequel l'intervalle de batte-
ments de coeur plus long a eu lieu.

Procédé selon la revendication 3, dans lequel
la plage prédéterminée est de 200 ms a 3000 ms.

Procédé selon la revendication 3, dans lequel

a I'étape de décision, un battement de coeur instan-
tané est calculé en multipliant un inverse de linter-
valle de battements du coeur, en unités de secon-
des, par 60,

une moyenne des battements du coeur a une plura-
lité de points récents dans laquelle une valeur abso-
lue de la différence entre les battements du coeur
instantanés et les battements du coeur instantanés
précédents n’est pas de plus d’un premier nombre
prédéterminé est calculée,

I'intervalle des battements du coeur est considéré
comme ayant une valeur anormale lorsqu’une valeur
absolue de la différence entre la moyenne et un bat-
tement du coeur instantané correspondant a un bat-
tement du coeur qui est une cible d’évaluation n’est
pas inférieure a un second nombre prédéterminé, et
la valeur anormale est éliminée d’une cible de la dé-
cision prise a savoir si un état dans lequel I'intervalle
de battements de coeur est plus long a eu lieu.

Procédé selon la revendication 5, dans lequel

le premier nombre prédéterminé est 30,

le second nombre prédéterminé est 50,

le nombre d’une pluralité de points récents est de 4
et 20.

Procédé selon la revendication 1, dans lequel

a I'étape de décision, un battement de coeur instan-
tané est calculé en multipliant un inverse de linter-
valle de battements du coeur, en unités de secon-
des, par 60,

une moyenne des battements du coeur a une plura-
lité de points récents dans laquelle une valeur abso-
lue de la différence entre les battements du coeur
instantanés et les battements du coeur instantanés
précédents n’est pas de plus d’un premier nombre
prédéterminé est calculée,

I'intervalle des battements du coeur est considéré
comme ayant une valeur anormale lorsqu’une valeur
absolue de la différence entre la moyenne et un bat-
tement du coeur instantané correspondant a un bat-
tement du coeur qui est une cible d’évaluation n’est
pas inférieure a un second nombre prédéterminé, et
la valeur anormale est éliminée d’une cible de la dé-
cision prise a savoir si un état dans lequel I'intervalle
de battements de coeur est plus long a eu lieu.

Procédé selon la revendication 7, dans lequel
le premier nombre prédéterminé est 30,
le second nombre prédéterminé est 50,
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le nombre d’une pluralité de points récents est de 4
et 20.
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