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(7) ABSTRACT

A drowsiness detection device includes a memory; and a
processor coupled to the memory and the processor config-
ured to calculate a respiration variation period based on
heartbeat interval data which is generated based on data that
is obtained from a heartbeat sensor; predict a subsequent
period structure of the respiration variation based on the
calculated respiration variation period; determine whether or
not an abnormal signal is mixed in the heartbeat interval data
by comparing the heartbeat interval data during sequential
update and the predicted subsequent period structure; and
replace the respiration variation period which corresponds to




US 2017/0079579 A1

Mar. 23,2017 Sheet 1 of 16

Patent Application Publication

1INN LINN NOILLYTNO VD 1INN
SISATYNY INTVA SSIANISMOMA AV1dSIa
181> gl AR
1INN
INFWNIOV T3
ogLs
1INN 1INN
NOILO3FHH0D NOILYNINY3L3a
Gel> | | T 2ve)
LINN 1INN 1INN LINN YOSNAS
AJOWIN NOILDIdTdd NOILYINDTYD NOILYHANTO 139 LHvaH
0z eeLs 281 gL LS
1INN TOYINOD
S
0El 30IAIA NOILOTLIA SSANISMONA
001°
I Ol




Patent Application Publication  Mar. 23,2017 Sheet 2 of 16 US 2017/0079579 A1

FIG. 2
T A
'_
(U]
=
w
[
'_
o
w
- j\ J\ J\
|
)
o » TIME
FIG. 3
A
w
=
<
> ] 1 ]
< « > >
— : | |
Z 1 | !
LU ! | i
D: I 1 1
n /\ /\ /\
L : : : » TIME
o '\ P\ Y




Patent Application Publication  Mar. 23,2017 Sheet 3 of 16 US 2017/0079579 A1

L L
= =
— <t —
A - A
"""" Ty T e NI R
<t .. \\ o “x\"‘n.,_‘
~ \\\”’ ~ [y A ;..::f___ AN __.Lg
— < . : =
1D D
¢ =
— =<
LL
< = < -
e i
o n'd
x nd



Patent Application Publication  Mar. 23,2017 Sheet 4 of 16 US 2017/0079579 A1

RRI DATA ROW



Patent Application Publication  Mar. 23,2017 Sheet 5 of 16 US 2017/0079579 A1

FIG. 6

SPECTRAL DENSITY

5 FREQUENCY
005 0.15 0.40 (Hz) ¢

SPECTRAL DENSITY

FREQUENCY



Patent Application Publication  Mar. 23,2017 Sheet 6 of 16 US 2017/0079579 A1

FIG. 8
(_DROWSINESS DETECTION PROCESS )
fe

S1 NO
|S HEARTBEAT DETECTED?

YES
| START RRI DATA GENERATION - S2
N

v
| CALCULATE RRI DATAJVROW MAXIMUM POINT 83

|__CALCULATE RRIDATA RO}I'V PERIOD AND AMPLITUDE |+ S4

[ CALCULATF RESPIRATIION\/ARIATION MODEL  }S5
¢}

COMPARE RRI DATAROW AND RESPIRATION VARIATION |, o

MODEL DURING SEQUENTIAL UPDATE

ST YES
S ABNORMAL SIGNAL MYETR

NO
IS THERE

YES CORRECTION SUCH THAT MINIMUN } 5813
597 POINT 13 MATCHED? REPLACE ONE PERIOD
SHIFTPERIODIC WITH RESPIRATION
STRUCTURE 510 VARIATION MODEL
m TR PERIOD STRUCTURE
‘ SEQUENTIAL UPDATE COMPLETED

N ONE PERIOD?

| CORRECT RESPIRATIi)N VARIATION MODEL - S11

| SAMPLE RRI DATA rleow IN ONE PERIOD b 512
f

| CARRY QUT SPECTRAL ANf\LYSIS ONRRIDATAROW | S14

| CALCULATE DROWSINESS VALUE 815




US 2017/0079579 A1

LINN LINN NOILYTNOTYD LINA
SISATYNY INTYA SSANISMOAA AV1dSIA
- 1€2° 8cz> AR
< LIND
5 INFNIOV 143
-]
m A
s 1INN 1NN
» NOILOTINO0D NOILYNINY3L3A
<
= 6ol | | | 2vez
=
2 LINN LINA LINN 1IN YOSNIS
b AJOWIN NOILDI03d NOILYINDTYD NOILYHINTD IRECIN =
=
£ 0zL* eels el 1e15 TR
E LINN TOYINOD
]
o S
= 0l 30IA30 NOILO3LIA SSANISMOMA
[=9
. 00z~
= -
m 6 9Ol




Patent Application Publication  Mar. 23,2017 Sheet 8 of 16 US 2017/0079579 A1

TIME

N
™
N

JNIVA SSANISMOYQ

<30
37
TIME
TIME
34
- 35
TIME

31

L§>;A>
DS
\\%"7

K

FIG. 10

3NIVA SSANISMOHQ



Patent Application Publication  Mar. 23,2017 Sheet 9 of 16 US 2017/0079579 A1

FIG. 11
(' DROWSINESS DETECTION PROCESS )
2 St N0
|S HEARTBEAT DETECTED?
YES
| START RRI DATA GENERATION o S2
i
| CALCULATERRI DATA+ROW MAXIMUMPOINT 1S3
| CALCULATE RRIDATA ROW PERIOD AND AMPLTUDE | S4
| CALCULATE RESPIRATION VARIATION MODEL |85
Yy
COMPARE RRI DATA ROW AND RESPIRATION VARIATION |, o6
MCDEL DURING SEQUENTIAL UPDATE
ST YE§
[S ABNORMAL SIGNAL MIXED?
Ve S THERE
CORRECTION SUCH THAT MINIMUM | (513
59+ POINT IS MATCHED? REPLACE ONE PERIOD
SHIFT PERIODIC WITH RESPIRATON
STRUCTURE 310 VARIATION MODEL
N0 SRRIDATARO PERIOD STRUCTURE
3 SEQUENTIAL UPDATE COMPLETED
| CORRECT RESP\RATI?N VARATIONMODEL | $11
| SAMPLE RRI DATAROW N ONE PERIOD |- 512
f
| CARRY OUT SPECTRALANf\LYSIS ONRRIDATAROW [ S21
| CALCULATE DROWSINESS VALUE |1 822
!
| COMPARE DROWSINESS VALUE | 523
524
1S ABNORMAL
525, SIGNAL MIXED?
REPLACE PERIOD CORRESPONDING T0 N0
DROWSINESS VALUE WITH RESPIRATION
VARIATION MODEL PERIOD STRUCTURE
0 516

|5 PROCESS COMPLETE?



US 2017/0079579 A1

Mar. 23,2017 Sheet 10 of 16

Patent Application Publication

LINN LINN NOLLYTNO VO LINN
SISATYNY 3NTYA SSIANISMONA AV1dSIa
IELS gl AR
LINN
IEEo atEN
ogL>
LINN LINN
NOILOIHH0D NOILYNINY3L3a
Gees | | T 2961
LINN LINN LINN LINN ¥OSN3S
AJOWAN NOILDIdTd NOILYINDTYD NOILYHANTO NN
0z eels e 1615 LS
LINN TOYLINOD
S
0cl 30IA3d NOILD3LIA SSANISMOMA
00e°
¢l 9Ol




Patent Application Publication  Mar. 23,2017 Sheet 11 of 16  US 2017/0079579 A1

41

FIG. 13

RRI DATA ROW



Patent Application Publication

FIG. 14

Mar. 23,2017 Sheet 12 of 16

( DROWSINESS DETECTIONPROCESS )
le

S1 NO
|8 HEARTBEAT DETECTED?

VES
R,

| STARTRRI DATIA GENERATION
- S3

v
| CALCULATE RRI DATA*ROW MAXIMUM POINT
|__CALCULATE RRI DATA ROEI'\( PERIOD AND AMPLITUDE_ |- S4
| CALCULATE RESPIRATIION VARATIONMODEL [ S5

US 2017/0079579 A1

¥
COMPARE RRI.DATA ROW AND RESFIRATION VARATION | o
MODEL DURING SEQUENTIAL UPDATE
ST yEs
1S ABNORMAL SIGNAL MIXEL? 313
s
NO S8 REPLACE ONF PERIOD
Vs 3 WITH RESPIRATION
59 CORRECTION SLUCH THAT MINIMUN VARIATION MODEL
eSHIFT POINT IS MATCHED? PERIOD STRUCTURE
PERIODIC S10
SEQUENTIAL UPDATE COMPLETED
N ONE PERIOD?
831
HEN CORRECTIC
IS PERFORMED TO MATCH MINIMUM POINT, YES
IS SHIFT AMOUNT PREDETERMINED 539
ALUE OR MORE? S

PREDICT PERIOD STRUCTURE OF FURTHER ONE

PERIOD AND CORRECT RESPIRATION VARIATION

MODEL FROM SUBSEQUENT PERIOD STRUCTURE
END POINT SIDE MAXIMUM POINT PRIOR TO SHIFTING

| CORRECT RESPIRATIPN VARIATION MODEL 511
+:

| SAMPLE RRI DATA FIQOW [N ONE PERIOD v §12
+<

| CARRY OUT SPECTRAL ANﬁLYSIS ONRRIDATAROW |- S14
| CALCULATE DROWSINESS VALUE 615




US 2017/0079579 A1

Mar. 23,2017 Sheet 13 of 16

Patent Application Publication

1INN LINN NOILYINO WD LINN
SISATYNY INT¥A SSINISMONHC AV1dSIa
161° 81~ AN
1INN
E e atEy
91
1INN 1INN
NOILDTHNOD NOILYNINY3L3q
el | | | 2vel
LINN 1INN 1INN LINN YOSNIS
ASONIN NOILDIQTdd NOILYINOTYD NOILLYYINTO 1Y3a14V3H
0zl eeps 1S 1g1° TR}
LINN TOMINOD
<
0El 30IA30 NOILDFLIA SSANISMONA
00%°
Gl Ol




US 2017/0079579 A1

Mar. 23,2017 Sheet 14 of 16

Patent Application Publication

dJNI] <

i

L 3ANLITdAY

dNIL <

9l OlId

4o




Patent Application Publication  Mar. 23,2017 Sheet 15 of 16  US 2017/0079579 A1

FIG. 17
(__DROWSINESS DETECTION PROCESS )
fe

ST w
SHEARTBEAT DETECTED?

YES

[ STARTRRIDATIAGENERATION | 52
g

[ CALCULATE RRIDATA¢ROWMAXIMUMPOINT |33
[ CALCULATE RRI DATA ROW PERIOD AND AMPLITUDE  } S4

v

CALCULATE MAXIMUM POINT, MINIMUM POINT,
AND AMPLITUDE TREND el

v

| CALCULATE RESPIRATION VARIATION HODEL | 542
N

COMPARE RRI DATA ROW AND RESPIRATION VARIATION | o

MODEL DURING SEQUENTIAL UPDATE

57
TS ABNORMAL SIGNAL MIYED? YES

NO
THERE 58

13

1ES CORRECTION SUCH THAT MINIMUM | 5813
89, POINT IS MATCHED? REPLACE ONE PERIOD
SHIFT PERIODIC WITHRESPIRATION
STRUCTLRE s10 VARIATION MODEL
" TR ATA TR PERIOD STRUCTURE
) SEQUENTIAL UPDATE COMPLETED

[N ONE PERIOD?

| CORRECT RESPIRATIi)N VARIATION MODEL 811
| SAMPLE RRI DATA FIQOW IN'ONE PERIOD 512

I
|__CARRY QUT SPECTRALAI\JJ{\LYSIS ONRRIDATAROW |- S14
| CALCULATE DROWSINESS VALUE 515

516

NO

13 PROCESS COMPLETE?




US 2017/0079579 A1

Mar. 23,2017 Sheet 16 of 16

Patent Application Publication

32IA3A A 30IA3d 3I2IA3A
MSId QYVH NOILYDINAWINOD IOVASTINI
8063 /063 0063 G0G 3
605°
oz_owmv_u_)\m,_m_om_\,_ HOLINOW 30IA3A LNdNI Ndo
0> €0s> 20G° 10G 3
3
00S

8L Ol




US 2017/0079579 A1l

DROWSINESS DETECTION DEVICE,
DROWSINESS DETECTION METHOD, AND
COMPUTER-READABLE RECORDING
MEDIUM STORING PROGRAM FOR
DROWSINESS DETECTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2015-184290, filed on Sep. 17, 2015, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] The embodiment discussed herein is related to a
drowsiness detection device, a drowsiness detection method,
and a computer-readable recording medium storing program
for drowsiness detection.

BACKGROUND

[0003] Heart rate fluctuation or heart rate variability is
utilized as a method for determining a drowsiness level of a
subject. For example, the method based on the heart rate
fluctuation is used to continuously obtain a fixed number or
more of heartbeat interval values, to calculate spectral
density by frequency converting the obtained data row, and
to determine the drowsiness level of the subject. It is
possible to calculate the heartbeat interval between R waves,
which have the largest amplitude in each heartbeat. The
heartbeat interval is able to be calculated using a time
interval of two R waves which are, for example, adjacent
heartbeats, and is referred to as an R-R interval (RRI).
[0004] It is suggested to use a drowsiness detection device
based on the technique for monitoring a vehicle driver.
However, when the drowsiness detection device obtains the
heartbeat signal of the driver in order to generate heartbeat
interval data, there is a case where noise due to influence of
vehicle vibration and the like is generated to result in an
electrocardiograph signal including noise. In a case where
the drowsiness detection device obtains the heartbeat inter-
val data including noise, reliability of fluctuation analysis,
which is carried out to convert the heartbeat interval data to
a drowsiness value, is reduced because a target fluctuation
component is reduced. When detecting noise, the drowsiness
detection device specifies a range of heartbeat interval data
which includes the noise, and continues calculation of the
drowsiness value while correcting the fluctuation compo-
nent.

[0005] Japanese Laid-open Patent Publication Nos. 2006-
81840, 7-124140, 2003-339651, and 2013-123524, and
International Publication Pamphlet No. 2008/149559 are
examples of the related art.

SUMMARY

[0006] According to an aspect of the invention, a drowsi-
ness detection device includes a memory and a processor
coupled to the memory and the processor configured to
calculate a respiration variation period based on heartbeat
interval data which is generated based on data that is
obtained from a heartbeat sensor; predict a subsequent
period structure of the respiration variation based on the
calculated respiration variation period; determine whether or
not an abnormal signal is mixed in the heartbeat interval data
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by comparing the heartbeat interval data during sequential
update and the predicted subsequent period structure; and
replace the respiration variation period which corresponds to
the heartbeat interval data that includes the abnormal signal
with the predicted subsequent period structure in a case
where it is determined that the abnormal signal is mixed.
[0007] The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

[0008] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of the
invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1is a block diagram illustrating an example of
a configuration of a drowsiness detection device of a first
embodiment;

[0010] FIG. 2 is a diagram illustrating an example of pulse
data;
[0011] FIG. 3 is a diagram illustrating an example of

differential pulse data;

[0012] FIG. 4 is a diagram illustrating an example of
sequential prediction correction;

[0013] FIG. 5 is a diagram illustrating an example of a
period structure shift;

[0014] FIG. 6 is a diagram illustrating an example of
spectral density data;

[0015] FIG. 7 is a diagram for describing a drowsiness
level;
[0016] FIG. 8 is a flow chart illustrating an example of a

drowsiness detection process of the first embodiment;
[0017] FIG. 9is a block diagram illustrating an example of
a configuration of a drowsiness detection device of a second
embodiment;

[0018] FIG. 10 is a diagram illustrating an example of
determining an abnormal signal based on a drowsiness
value;

[0019] FIG. 11 is a flow chart illustrating an example of
the drowsiness detection process of the second embodiment;
[0020] FIG. 12 is a block diagram illustrating an example
of a configuration of a drowsiness detection device of a third
embodiment;

[0021] FIG. 13 is a diagram illustrating an example of
conversion in a case where a shifted period structure is
shifted by a predetermined value or more;

[0022] FIG. 14 is a flow chart illustrating an example of
the drowsiness detection process of the third embodiment;
[0023] FIG. 15 is a block diagram illustrating an example
of a configuration of a drowsiness detection device of a
fourth embodiment;

[0024] FIG. 16 is a diagram illustrating an example of
prediction which reflects a long period trend,

[0025] FIG. 17 is a flow chart illustrating an example of
the drowsiness detection process of the fourth embodiment;
and

[0026] FIG. 18 is a diagram illustrating an example of a
computer which executes a drowsiness detection program.

DESCRIPTION OF EMBODIMENTS

[0027] In the related technology, when heartbeat interval
data is cut out prior to noise mixing after the noise is
detected, and the fluctuation component is corrected by
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replacing the range of the heartbeat interval data which
includes noise, there are cases where an analysis stop state
of approximately 20 seconds is generated in order to have
consistency between the replaced data and data before and
after the replaced data. In this case, it is difficult to perform
an update of the drowsiness value in real time.

[0028] Accordingly, it is desired to provide a drowsiness
detection device, a drowsiness detection method, and a
computer-readable recording medium storing program for
drowsiness detection which are able to secure continuity of
a drowsiness estimate.

[0029] With reference to the drawings, embodiments of a
drowsiness detection device, a drowsiness detection method,
and a computer-readable recording medium storing program
for drowsiness detection which are the disclosure of the
present application will be described below in detail. Here,
the disclosed techniques are not limited to the present
embodiments. In addition, the embodiments described
below may be appropriately combined within a consistent
scope.

First Embodiment

[0030] FIG.1isablock diagram illustrating an example of
a configuration of a drowsiness detection device of a first
embodiment. For example, a drowsiness detection device
100 in FIG. 1 is provided in a vehicle and a heartbeat sensor
electrode thereof is mounted on a driver of the vehicle to
obtain a heartbeat signal. The drowsiness detection device
100 calculates a respiration variation period based on the
heartbeat interval data which 1s generated based on the data
that is obtained from the heartbeat sensor. In addition, the
drowsiness detection device 100 predicts a subsequent
period structure of respiration variation based on the calcu-
lated respiration variation period. The drowsiness detection
device 100 determines whether or not an abnormal signal is
mixed in the heartbeat interval data by comparing the
heartbeat interval data during sequential update and the
predicted subsequent period structure. Here, for example,
the abnormal signal is noise. In a case where the drowsiness
detection device 100 determines that the abnormal signal is
mixed, the respiration variation period which corresponds to
the heartbeat interval data including the abnormal signal is
replaced with the predicted subsequent period structure. The
drowsiness detection device 100 carries out spectral analysis
on heartbeat interval data which includes the replaced sub-
sequent period structure, and calculates the drowsiness value
based on the analysis result. Thereby, it is possible for the
drowsiness detection device 100 to secure continuity of a
drowsiness estimate.

[0031] Next, the configuration of the drowsiness detection
device 100 will be described. As illustrated in FIG. 1, the
drowsiness detection device 100 includes a heartbeat sensor
111, a display unit 112, a memory unit 120, and a control unit
130. Here, it does not matter even if the drowsiness detection
device 100 includes various functional units which include
a known computer other than the functional unit that is
illustrated in FIG. 1, and for example, includes a functional
unit such as various input devices or audio output devices.
[0032] The heartbeat sensor 111 detects the heartbeat
signal of the subject. For example, the heartbeat sensor 111
obtains the heartbeat signal of the subject from each elec-
trode potential difference using the electrodes which are in
contact with the subject. Here, for example, the electrodes
which are used by the heartbeat sensor 111 corresponds to
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electrodes which are embedded in a chest belt type or a pair
of small devices of a wristwatch type which are mounted on
both hands. The heartbeat sensor 111 outputs the detected
heartbeat signal data to the control unit 130 as the heartbeat
signal data.

[0033] In addition, for example, the heartbeat sensor 111
may be configured to obtain a pulse wave by measuring
blood flow at an earlobe and the like of the subject using
light. A detection unit of the heartbeat sensor 111 is an
optical type when the pulse wave is obtained and is able to
use the wristwatch type or a wrist band type of a reflective
type, an ear clip type of a reflective type or a transmissive
type.

[0034] Referring to FIG. 2, there will be described the
signal which is detected by the heartbeat sensor 111. Here,
in an example below, an example is described of acquiring
the pulse wave, but is similar to the case of the heartbeat
signal. FIG. 2 is a diagram illustrating an example of pulse
data. As illustrated in FIG. 2, the pulse data indicates pulse
strength of each time. In FIG. 2, a vertical axis is an axis
which indicates pulse strength, and a horizontal axis is an
axis which indicates time.

[0035] Returning to the explanation in FIG. 1, the display
unit 112 is a display device for displaying various kinds of
information. For example, the display unit 112 is realized by
a liquid crystal display or the like as the display device. The
display unit 112 displays various display screen images
which are input from the control unit 130. For example, a
warning screen according to the drowsiness value, and a
display screen image which represents various messages and
the like are given as examples of the various display screen
images.

[0036] The memory unit 120 is realized by a storage
device such as a semiconductor memory device such as a
random access memory (RAM) or a flash memory, a hard
disk, or an optical disc. The memory unit 120 stores infor-
mation which is used in a process by the control unit 130.
The stored information is, for example, a respiration varia-
tion model and the like which includes the predicted sub-
sequent period structure.

[0037] A central processing unit (CPU) or a micro pro-
cessing unit (MPU), as an example of a processor that
performs various control and arithmetic operations, executes
a program stored in the storage device using the RAM as an
operation region, and the control unit 130 is realized. In
addition, for example, the control unit 130 may be realized
by an integrated circuit such as an application specific
integrated circuit (ASIC) or a field programmable gate array
(FPGA). The control unit 130 includes a generation unit 131,
a calculation unit 132, a prediction unit 133, a determination
unit 134, a correction unit 135, a replacement unit 136, an
analysis unit 137, and a drowsiness value calculation unit
138, and realizes or executes a function or action of infor-
mation processing which is described below. Here, the
internal configuration of the control unit 130 is not limited
to the configuration illustrated in FIG. 1, and may be another
configuration as long as the configuration performs the
information processing described later.

[0038] The generation unit 131 generates heartbeat inter-
val data based on the heartbeat signal data which is obtained
from the heartbeat sensor 111. When starting input of the
heartbeat signal data from the heartbeat sensor 111, the
generation unit 131 starts generation of the heartbeat interval
data (hereinafter referred to as RRI data) in which time



US 2017/0079579 A1l

intervals of two R waves that are of adjacent heartbeats and
an R wave detection time are associated. The generation unit
131 starts output of generated RRI data to the calculation
unit 132. Here, since the heartbeat signal data is sequentially
input to the generation units 131, the generation unit 131
sequentially updates and outputs the RRI data.

[0039] In a case where the pulse wave is used, the gen-
eration unit 131 generates differential pulse data by differ-
entiating the pulse data which is obtained from the heartbeat
sensor 111. FIG. 3 is a diagram illustrating an example of
differential pulse data. In FIG. 3, the vertical axis is an axis
which indicates a differential value of the pulse data, and the
horizontal axis is an axis which indicates time. The genera-
tion unit 131 scans the differential pulse data, and specifies
time at which the differential value is locally maximized. In
the example illustrated in FIG. 3, in time t1, 2, and (3, the
differential value is locally maximized. The generation unit
131 calculates the interval from an amplitude peak to the
subsequent amplitude peak as peak-peak-interval (PPI) data.
The calculated PPI data may be used as the heartbeat signal
in the same manner as the RRI data, and in the explanation
below, may use the PPI data in which the RRI data is used.
[0040] Returning to the explanation in FIG. 1, when
receiving the RRI data from the generation unit 131, the
calculation unit 132 calculates the respiration variation
period. The calculation unit 132 generates the RRI data row
in which each set of RRI data is plotted on a time axis, that
is, a respiration variation graph, and calculates the respira-
tion variation period based on the RRI data row. For
example, the calculation unit 132 calculates a time between
adjacent local maximum points within the RRI data row as
one period. That is, the calculation unit 132 calculates the
local maximum points and the local minimum points within
an integrated interval of the RRI data row, a time between
adjacent local maximum points is taken as one period of the
respiration variation, and calculates the period and ampli-
tude. Here, in the explanation below, a set of the calculated
period and amplitude is expressed as the respiration varia-
tion period. The calculation unit 132 outputs the period of
the calculated respiration variation and the RRI data row to
the prediction unit 133. In addition, the calculation unit 132
starts output of the RRI data row to the determination unit
134.

[0041] The heartbeat interval data (RRI data) will be
described. The heartbeat interval data varies according to
respiration, that is, varies due to adjustment of autonomic
nerves. For example, as elements of the variation, there are
heartbeat blood pressure variation which is referred to as
Mayer Wave Sinus Arrhythmia (MWSA) and Respiratory
Sinus Arrhythmia which is referred to as Respiratory Sinus
Arrhythmia (RSA). The respiration variation period in the
heartbeat interval data includes a component in a low
frequency side (LF) of around 0.05 Hz to 0.15 Hz due to
MWSA and a component in a high frequency side (HF) of
around 0.15 Hz to 0.4 Hz due to RSA.

[0042] That is, the heartbeat interval is determined by a
balance between a signal which increases the heartbeat
through the sympathetic nervous system and a signal which
decreases the heartbeat through the parasympathetic nervous
system. The heartbeat interval is determined by blocking
control of the parasympathetic nervous system at the start of
inspiration from a mechanism of the heartbeat variation due
to respiration dynamism, comes to be a heartbeat elevated
state upon control of the sympathetic nervous system, and at
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the start of exhalation restores control of the parasympa-
thetic nervous system, and the heartbeat is reduced. That is,
the heartbeat interval is increased and reduced according to
the respiration operation. In addition, when the heartbeat is
generated in the same manner in enhancement of the heart-
beat and detection by an arterial baroreceptor of an internal
pressure increase due to large inhalation activity, control of
the sympathetic nervous system from the heartbeat epicenter
through a blood pressure adjustment mechanism and control
in which the number of heartbeats is reduced through
enhancement of the parasympathetic nervous system are
performed.

[0043] A change of the heartbeat interval is reflectively
performed in conjunction with periodic respiratory activity,
and drowsiness estimation is performed in relation to the
frequency distribution. For this reason, it is preferable to
update the heartbeat interval data in each respiration period
in the drowsiness estimate. In addition, the local maximum
point in the heartbeat interval data corresponds to a heartbeat
state controlled through the parasympathetic nervous sys-
tem, and the local minimum point in the heartbeat interval
data corresponds to a heartbeat state controlled through the
sympathetic nervous system. That is, the local maximum
point represents an inspiration start point and has the highest
correlation with a state in which the parasympathetic ner-
vous system and the sympathetic nervous system function.
In addition, the local minimum point represents an exhala-
tion start point and has the highest correlation with a state in
which only the sympathetic nervous system functions. That
is, it 1s preferable to define the drowsiness by using the trend
of local maximum points in the heartbeat interval data.
[0044] The periodic structure between the inspiration and
the respiration becomes unclear under a situation in which a
breath is taken, a situation in which sympathetic nerve is
elevated by active activity such as a speech response, or a
situation such as swallowing or yawn which causes a reflex
action of the pressure sensitive receptor. That is, in such a
case, it is considered that accompanying a reverse-phase
operation the local minimum point of the heartbeat interval
does not necessarily match an exhalation point, and in the
subsequent respiration period, returns to the original period.
[0045] When receiving the respiration variation period
and the RRI data row from the calculation unit 132, the
prediction unit 133 predicts the subsequent period structure
of respiration variation. The prediction unit 133 performs a
signal estimation using a cosine function which starts from
a point of a last maximus in the RRI data row based on the
past respiration variation period within an integrated interval
of the RRI data row and the input respiration variation
period, and calculates the respiration variation model to
predict the subsequent period structure. In addition, when
receiving the corrected respiration variation model from the
correction unit 135, the prediction unit 133 predicts the
subsequent period structure using the corrected respiration
variation model. The prediction unit 133 outputs the respi-
ration variation model which includes the predicted subse-
quent period structure to the determination unit 134 and the
correction unit 135.

[0046] When receiving an instruction for correction from
a determination unit 134, the prediction unit 133 corrects the
respiration variation model by adding a respiration variation
of one period in a sequentially updated RRI data row to the
integrated interval by removing the oldest one period of the
respiration variation in the integrated interval.
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[0047] Referring to FIG. 4, the subsequent period structure
prediction will be described. FIG. 4 is a diagram illustrating
an example of sequential prediction correction. As illus-
trated in FIG. 4, in the RRI data row as the respiration
variation graph, the prediction unit 133 predicts a period
structure 14 in a subsequent period 13 based on the respi-
ration variation periods in a determined interval 11. One
period of the respiration variation in the determined interval
11, for example, is the interval 12. When the current time is
a time t4, the prediction unit 133 performs the signal
estimate using the cosine function which starts from the first
last local maximum point in the interval 11, and predicts the
period structure 14 in the period 13 until one period structure
future time t5, that is, from the time t4 until the time t5. In
addition, an interval 17 illustrated in FIG. 4 is an interval
which includes the predicted period structure 14. Here, a
waveform 15 illustrated in FIG. 4 is based on a measured
value of the RRI data row in a time t6.

[0048] Returning to the explanation for FIG. 1, when
receiving the RRI data row from the calculation unit 132 and
the respiration variation model from the prediction unit 133,
the determination unit 134 compares the RRI data row
during sequential update and the predicted subsequent
period structure of the respiration variation model. In the
comparison result, the determination unit 134 determines
whether or not an abnormal signal is mixed in the RRI data
row. For example, the determination unit 134 determines
that the abnormal signal is mixed in a case where the period
structure of the RRI data row during being sequentially
updated and the subsequent period structure are different
from each other by +5% or more. In the example in FIG. 4,
it is determined that the abnormal signal is mixed in a case
where the waveform 15 is, for example, different by +5% or
more from the predicted period structure 14. In a case where
the determination unit 134 determines that the abnormal
signal is mixed, the determination unit 134 outputs the
determination result in which the abnormal signal is mixed,
the RRI data row during being sequentially updated, and the
respiration variation model to the replacement unit 136.

[0049] In addition, in a case where the determination unit
134 determines that the abnormal signal is not mixed, the
determination unit 134 determines whether or not correction
is carried out so that the local minimum points are matched.
Here, the determination unit 134 determines whether or not
correction is carried out such that the local minimum points
are matched with reference to a set value which indicates a
correction propriety which is set in advance by a user. In a
case where the determination unit 134 corrects so that the
local minimum points are matched, the determination unit
134 outputs the correction instruction and the RRI data row
during sequential update to the correction unit 135. That is,
in a case where the determination unit 134 corrects such that
the local minimum points are matched, the determination
unit 134 compares the RRI data row during sequential
update and the predicted sequential period structure of the
respiration variation model which is corrected by the cor-
rection unit 135. In addition, the determination unit 134
outputs, to the replacement unit 136, the determination result
in which the abnormal signal is not mixed, the RRI data row
during sequential update, and the respiration variation
model.

[0050] In acase where the determination unit 134 does not
correct such that the local minimum points are matched, the
determination unit 134 outputs, to the replacement unit 136,
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the determination result in which the abnormal signal is not
mixed, the RRI data row during sequential update, and the
respiration variation model.

[0051] The determination unit 134 determines whether or
not the sequential update for one period of the RRI data row
completes. In a case where the sequential update for one
period of the RRI data row does not complete, the determi-
nation unit 134 continues comparison of the RRI data row
and the respiration variation model. In a case where the
sequential update for one period of the RRI data row
completes, the determination unit 134 outputs the correction
instruction to the prediction unit 133 in order that the
updated one period is reflected in the respiration variation
model.

[0052] The respiration variation model is input from the
prediction unit 133 to the correction unit 135. In addition,
the correction instruction from the determination unit 134
and the RRI data row during sequential update are input in
the correction unit 135. When receiving the correction
instruction and the RRI data row during sequential updatet,
the correction unit 135 shifts and corrects the subsequent
period structure of the respiration variation model such that
the local minimum point of the sequential period structure of
the respiration variation matches the local minimum point of
the respiration variation period based on the RRI data row
during sequential update. The correction unit 135 outputs the
corrected respiration variation model to the prediction umt
133. Here, in a case where a shift amount of the subsequent
period structure is, for example, 20% or less of one period,
the correction unit 135 does not perform correction of the
respiration variation model. In addition, the correction unit
135 may shift and correct the subsequent period structure of
the respiration variation model such that the local maximum
points are matched in place of the local minimum points.

[0053] Referring to FIG. 5, an example of the shift of the
period structure will be described. FIG. 5 is a diagram
illustrating an example of a period structure shift. As illus-
trated in FIG. 5, in the respiration variation model, a period
structure 22 is predicted from a local maximum point 21 of
the RRI data row, and a subsequent local minimum point 23
and a local maximum point 24 is predicted. Here, the local
minimum point 25 of the actual measured value RRI data
row is shifted only by a period 234 from the predicted local
minimum point 23. For this reason, the correction unit 135
shifts the predicted local minimum point 23 to a local
minimum point 235 by a period 23e. In the same manner, the
correction unit 135 shifts the predicted value local maximum
point 24 to the local maximum point 245 by a period 24a.
That is, the correction unit 135 shifts the subsequent period
structure 22 of the respiration variation model and corrects
to a period structure 22a such that the correction unit 135
matches the local minimum point 23 of the subsequent
period structure with the minimum point 25 of the respira-
tion variation period based on the RRI data row during
sequential update. Here, in the example in FIG. 5, at a time
of the subsequent local maximum point 245 after shifting,
since there occurs a difference between the corrected period
structure 22q¢ and the measured RRI data row, the local
maximum point 245 may be shifted by a period 26a to a
local maximum point 26 of the actual measured value RRI
data row. That is, the correction unit 135 corrects the
respiration variation model such that the respiration varia-
tion model follows the respiration variation period according
to the RRI data row during sequential update.
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[0054] Returning to the explanation for FIG. 1, the deter-
mination result of the abnormal signal mixing from the
determination unit 134, the RRI data row during sequential
update, and the respiration variation model are input in the
replacement unit 136. In a case where the replacement unit
136 receives the determination result noticing that the abnor-
mal signal is mixed in the RRI data row, the replacement unit
136 replaces the respiration variation period which corre-
sponds to the RRI data row during sequential update includ-
ing the abnormal signal with the predicted subsequent period
structure of the respiration variation model. That is, when
the replacement unit 136 detects that the abnormal signal is
mixed in the RRI data row, the RRI data row of one period
of the respiration variation period including the abnormal
signal is replaced with the period structure of the respiration
variation model by the replacement unit 136. In the example
illustrated in FIG. 4, the replacement unit 136 replaces one
period (14 to t5) of the waveform 15 which includes the
abnormal signal with the predicted period structure 14. The
replacement unit 136 output, to the analysis unit 137, the
RRI data row of the period structure of the respiration
variation model which is obtained by replacing one period of
the respiration variation including the abnormal signal.
[0055] When receiving the determination result that the
abnormal signal is not mixed, the replacement unit 136
carries out resampling on one period of the RRI data row
sequentially updated. The replacement unit 136 outputs the
RRI data row which includes one period of resampled RRI
data row to the analysis unit 137.

[0056] When receiving the RRI data row from the replace-
ment unit 136, the analysis unit 137 converts the received
RRI data row to spectral density (PSD) data using an auto
regressive (AR) model. The spectral density data is data
which indicates a relationship between the frequency and
spectral density. Here, an example is illustrated in which the
analysis unit 137 converts the RRI data row to the spectral
density data using the AR model. A Fourier transform may
be used for converting the RRI data row to the spectral
density data. The analysis unit 137 outputs the obtained
spectral density data to the drowsiness value calculation unit
138.

[0057] FIG. 6 is a diagram illustrating an example of
spectral density data. In FIG. 6, the vertical axis is an axis
which corresponds to spectral density, and the horizontal
axis is an axis which corresponds to frequency. For example,
a graph la indicates a relationship between the spectral
density and frequency of the RRI data row in a time TT1.
For example, a graph 15 indicates a relationship between the
spectral density and frequency of the RRI data row in a time
TT2.

[0058] For example, a region is set to a low frequency
region from frequency 0.05 Hz to 0.15 Hz, and a region is
set to a high frequency region from frequency 0.15 Hz to
0.40 Hz. When classifying the region of such a frequency,
the RSA in the graph 1a is 2¢, and RSA in the graph 15 is
2b. In the RSA, a graph which indicates a relationship
between the spectral density and frequency of the RRI data
indicates the peak on a high frequency side.

[0059] Returning to the explanation in FIG. 1, when
receiving the spectral density data from the analysis unit
137, the drowsiness value calculation unit 138 determines
drowsiness of the subject based on the relationship between
the spectral density and frequency which corresponds to
RSA. In a case where the RSA changes with time from
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higher to lower in frequency and from larger to smaller in
spectral density, the drowsiness value calculation unit 138
determines that awareness or alertness of the subject is
reduced. For example, in the example in FIG. 6, it is
assumed that the graph 15 has been obtained after the graph
15. The comparison of the RSA 25 with RSA 2a with respect
to frequencies and spectral densities theirof indicates that
RSA 2a moves figuratively to RSA 24 such that the fre-
quency reduces and the spectral density increases. In this
case, the drowsiness value calculation unit 138 determines
that awareness or alertness of the subject is reduced and
determines a doze state.

[0060] From the relationship between the frequency and
spectral density of RSA, the drowsiness value calculation
unit 138 determines a drowsiness value, that is, a drowsiness
level. The drowsiness level will be explained with refer-
enced to a diagram illustrated in FIG. 7. In FIG. 7, the
vertical axis corresponds to spectral density, and the hori-
zontal axis corresponds to frequency. The value of the
spectral density decreases along the vertical axis toward the
upper side. The value of the frequency decreases along the
horizontal axis toward the right side. That is, in FIG. 7, as
a coordinate point moves toward the left below in the
diagram, alertness corresponding to the coordinate point is
reduced which has the meaning that the drowsiness level
increases.

[0061] For example, the drowsiness value calculation unit
138 sets, based on threshold data of the drowsiness level set
in advance, thresholds 61, 62, 63, 64, 65, and 66 with respect
to a graph 60 which indicates the relationship between
spectral density and frequency. In the threshold data, for
example, each threshold holds information which defines the
relationship between frequency and spectral density.

[0062] For example, the drowsiness value calculation unit
138 divides, into a plurality of regions 1A to 1G, the graph
60 which indicates the relationship between spectral density
and frequency according to the thresholds 61 to 66. In a case
where the relationship between spectral density and fre-
quency is included in the region 1A, the drowsiness value
calculation unit 138 determines the drowsiness level of the
subject as a drowsiness level 1. In a case where the rela-
tionship between spectral density and frequency is included
in the region 1B, the drowsiness value calculation unit 138
determines the drowsiness level of the subject as a drowsi-
ness level 2. In a case where the relationship between
spectral density and frequency is included in the region 1C,
the drowsiness value calculation unit 138 determines the
drowsiness level of the subject as a drowsiness level 3. Ina
case where the relationship between spectral density and
frequency is included in the region 1D, the drowsiness value
calculation unit 138 determines the drowsiness level of the
subject as a drowsiness level 4. In a case where the rela-
tionship between spectral density and frequency is included
in the region 1E, the drowsiness value calculation unit 138
determines the drowsiness level of the subject as a drowsi-
ness level 5. In a case where the relationship between
spectral density and frequency is included in the region 1F,
the drowsiness value calculation unit 138 determines the
drowsiness level of the subject as a drowsiness level 6. In a
case where the relationship between spectral density and
frequency is included in the region 1G, the drowsiness value
calculation unit 138 determines the drowsiness level of the
subject as a drowsiness level 7.
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[0063] In a case where the drowsiness value calculation
unit 138 determines the drowsiness level of the subject and
the drowsiness level is a predetermined level or more, a
warning is provided to the subject. In a case where the
drowsiness level is 4 or more, for example, the drowsiness
value calculation unit 138 displays a warning screen on the
display unit 112, and outputs a warning sound from a
loudspeaker which is not illustrated in the drawings.

[0064] In addition, for example, the drowsiness value
calculation unit 138 determines whether or not a drowsiness
detection process is set to be ended based on an input from
a switch which is not illustrated in the drawings. For
example, when the subject ends driving of an automobile
and the switch which is not illustrated in the drawings is
pressed by the subject, the drowsiness value calculation unit
138 ends the drowsiness detection process.

[0065] Next, the operation of the drowsiness detection
device 100 of the first embodiment will be described below.
FIG. 8 is a flow chart illustrating an example of the drowsi-
ness detection process of the first embodiment.

[0066] The generation unit 131 determines whether or not
the heartbeat is detected, that is, whether or not input of the
heartbeat signal data from the heartbeat sensor 111 starts
(step S1). In a case where the heartbeat is not detected (step
S1: NO), the generation unit 131 puts heartbeat detection in
standby. In a case where the heartbeat is detected (step S1:
YES), the generation unit 131 starts generation of the RRI
data (step S2). The generation unit 131 starts output of
generated RRI data with respect to the calculation unit 132.

[0067] When receiving the RRI data from the generation
unit 131, the calculation unit 132 generates the RRI data row
such that each set of RR1 data is plotted at a coordinate value
on the time axis corresponding to a time at which the set of
RRI data is detected. The calculation unit 132 calculates the
local maximum point of the generated RRI data row (step
S3). The calculation unit 132 determines one between local
maximum points as one period of the respiration variation,
and calculates the respiration variation period, that is, the
period and amplitude of the RRI data row (step S4). The
calculation unit 132 outputs the period of the calculated
respiration variation and the RRI data row to the prediction
unit 133. In addition, the calculation unit 132 starts output of
the RRI data row to the determination unit 134.

[0068] When receiving the respiration variation period
and the RRI data row are input from the calculation unit 132,
the prediction unit 133 calculates the respiration variation
model and predicts the subsequent period structure (step
S5). The prediction unit 133 outputs the respiration variation
model which includes the predicted subsequent period struc-
ture to the determination unit 134 and the correction unit
135.

[0069] When starting to receive the RRI data row from the
calculation unit 132 and receiving the respiration variation
model from the prediction unit 133, the determination unit
134 compares the RRI data row during sequential update
and the predicted subsequent period structure of the respi-
ration variation model (step S6). In the comparison result,
the determination unit 134 determines whether or not the
abnormal signal is mixed in the RRI data row (step S7). In
a case where the determination unit 134 determines that the
abnormal signal is not mixed (step S7: NO), the determina-
tion unit 134 determines whether or not correction is carried
out such that the local minimum points is matched (step S8).
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[0070] In a case where a correction is performed by
matching the local minimum points (step S8: YES), the
determination unit 134 outputs the correction instruction and
the RRI data row during sequential update to the correction
unit 135. In addition, the determination unit 134 outputs, to
the replacement unit 136, the determination result in which
the abnormal signal is not mixed, the RRI data row during
sequential update, and the respiration variation model. When
receiving the correction instruction and the RRI data row
during sequential update from the determination unit 134,
the correction unit 135 shifts the subsequent period structure
of the respiration variation model for correction of the
subsequent period structure of the respiration variation
model (step S9). The correction unit 135 outputs the cor-
rected respiration variation model to the prediction unit 133,
and the process returns to step S6.

[0071] In a case where a correction by matching the local
minimum points is not performed (step S8: NO), the deter-
mination unit 134 outputs the determination result in which
the abnormal signal is not mixed, the RRI data row during
sequential update, and the respiration variation model to the
replacement unit 136. The determination unit 134 deter-
mines whether or not the sequential update for one period of
the RRI data row completes (step S10). In a case where the
determination unit 134 does not complete the sequential
update for one period of the RRI data row (step S10: NO),
the process returns to step S6.

[0072] In a case where the sequential update for one
period of the RRI data row completes (step S10: YES), the
determination unit 134 outputs the correction instruction to
the prediction unit 133. When receiving the correction
instruction from a determination unit 134, the prediction unt
133 corrects the respiration variation model in order that the
updated one period is reflected in the respiration variation
model (step 511).

[0073] When receiving, from the determination unit 134,
the determination result that the abnormal signal is not
mixed is input, the replacement unit 136 carries out resam-
pling on the RRI data row of one period in which the RRI
data row is sequentially updated (step S12). The replacement
unit 136 outputs, to the analysis unit 137, the RRI data row
which includes the RRI data row of one period in which
resampling is cartied out.

[0074] In a case where the determination unit 134 deter-
mines that the abnormal signal is mixed (step S7: YES), the
determination unit 134 outputs, to the replacement unit 136,
the determination result in which the abnormal signal is
mixed, the RRI data row during sequential update, and the
respiration variation model. When receiving, from the deter-
mination unit 134, the dermination result that the abnormal
signal is mixed, the replacement unit 136 replaces, with the
period structure of the respiration variation model, the RRI
data row of one period of the respiration variation period
which includes the abnormal signal (step S13). The replace-
ment unit 136 output, to the analysis unit 137, the RRI data
row which is obtained by replacing RRI data of one period
of the respiration variation including the abnormal signal
with the period structure of the respiration variation model.
[0075] When receiving the RRI data row from the replace-
ment unit 136, the analysis unit 137 carries out spectral
analysis on the RRI data row (step S14). That is, the analysis
unit 137 converts the RRI data row to the spectral density
data. The analysis unit 137 outputs the spectral density data
to the drowsiness value calculation unit 138. When receiving
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the spectral density data from the analysis unit 137, the
drowsiness value calculation unit 138 calculates the drowsi-
ness value, that is, the drowsiness level (step S15). In a case
where the drowsiness level of the subject is a predetermined
level or more, the drowsiness value calculation unit 138
displays the warning screen on the display unit 112, and
outputs the warning sound from a loudspeaker which is not
illustrated in the drawings.

[0076] The drowsiness value calculation unit 138 deter-
mines whether or not to end the drowsiness detection
process (step S16). In the drowsiness value calculation unit
138, in a case where the drowsiness detection process does
not end (step S16: NO), the process returns to step S3. In a
case where the drowsiness detection process ends (step S16:
YES), the drowsiness value calculation unit 138 stops each
process unit within the control unit 130, and ends the
drowsiness detection process. Thereby, it is possible for the
drowsiness detection device 100 to secure continuity of a
drowsiness estimate. In addition, since the drowsiness detec-
tion device 100 is possible to estimate an end of inspiration
by using a local minimum point, the drowsiness detection
device 100 is able to quickly determine period abnormality.
Furthermore, the drowsiness detection device 100 may
perform the correction and the spectral calculation in real
time because the drowsiness detection device 100 corrects
the respiration variation model by using a phase shift
between local minimum points according to variation in the
RRI data row during update. That is, the drowsiness detec-
tion device 100 may simultaneously perform a process of
determination for mixing of the abnormal signal and a
process for replacement to the period structure of the res-
piration variation model.

[0077] Inthis manner, the drowsiness detection device 100
calculates a respiration variation period based on the heart-
beat interval data which is generated based on the data that
is obtained from the heartbeat sensor. In addition, the
drowsiness detection device 100 predicts a subsequent
period structure of respiration variation based on the calcu-
lated respiration variation period. In addition, the drowsiness
detection device 100 determines whether or not an abnormal
signal is mixed in the heartbeat interval data by comparing
the heartbeat interval data during sequential update and the
predicted subsequent period structure. In addition, in a case
where the drowsiness detection device 100 determines that
the abnormal signal is mixed, the drowsiness detection
device 100 replaces, with the predicted subsequent period
structure, the respiration variation period which corresponds
to the heartbeat interval data including the abnormal signal.
Accordingly, it is possible to secure continuity of the drowsi-
ness estimate.

[0078] In addition, the drowsiness detection device 100
calculates, as one period, the respiration variation between
local maximum points. In addition, the drowsiness detection
device 100 corrects the predicted subsequent period struc-
ture by shifting the predicted subsequent period structure
such that the local minimum point of the predicted subse-
quent period structure matches the local minimum point of
the respiration variation period obtained from the heartbeat
interval data during sequential update, or the local maximum
point of the predicted subsequent period structure matches
the local maximum point of the respiration variation period.
In addition, the drowsiness detection device 100 determines
whether or not an abnormal signal is mixed in the heartbeat
interval data by comparing the heartbeat interval data during
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sequential update and the shifted subsequent period struc-
ture. The drowsiness detection device 100 adjusts the pre-
dicted value of the respiration variation period to the mea-
sured value of the respiration variation period to
automatically carry out period adjustment of the respiration
variation.

Second Embodiment

[0079] In the first embodiment, mixing of the abnormal
signal is determined based on the RRI data row. The mixing
of the abnormal signal, however, may be determined based
on the drowsiness value, and the embodiment of this case
will be described as a second embodiment. FIG. 9 is a block
diagram illustrating an example of a configuration of a
drowsiness detection device of the second embodiment.
Here, due to the same configuration as the drowsiness
detection device 100 of the first embodiment is indicted with
the same reference numerals, and descriptions of the over-
lapping configuration and operation are omitted.

[0080] A drowsiness detection device 200 of the second
embodiment includes a determination unit 234, a replace-
ment unit 236, an analysis unit 237, and a drowsiness value
calculation unit 238, respectively, in place of the determi-
nation unit 134, the replacement unit 136, the analysis unit
137, and the drowsiness value calculation unit 138 of the
drowsiness detection device 100 of the first embodiment.
[0081] The determination unit 234 performs the following
process in addition the process performed by the determi-
nation unit 134. The determination 234 compares the
drowsiness value obtained based on the respiration variation
period according to the RRI data row of the actual measured
value received from the drowsiness value calculation unit
238 and a predicted drowsiness value obtained based on the
predicted subsequent period structure in the respiration
variation model. That is, the determination unit 234 com-
pares the drowsiness value obtained based on the RRI data
row of the actual measured value and the predicted drowsi-
ness value obtained based on the RRI data row which is
replaced with the period structure of the respiration variation
model. The determination unit 234 determines whether or
not the abnormal signal is mixed as a result of comparison
between the drowsiness value based on the actual measured
value and the predicted drowsiness value. In a case where
the determination unit 234 determines that the abnormal
signal is mixed, the determination unit 234 outputs, to the
replacement unit 236, the determination result which is
based on the drowsiness value and indicates that the abnor-
mal signal is mixed. In a case where the determination unit
234 determines that the abnormal signal is not mixed, the
determination unit 234 outputs, to the replacement unit 236,
the determination result which is based on the drowsiness
value and indicates that the abnormal signal is not mixed.
[0082] The replacement unit 236 performs the following
process in addition to the process performed by the replace-
ment unit 136. The replacement unit 236 replaces the RRI
data row of a period or periods which corresponds to the
drowsiness value with the period structure of the respiration
variation model according to the determination result based
on the drowsiness value. When receiving the determination
result from the determination unit 234 which is based on the
drowsiness value and indicates that the abnormal signal is
mixed, the replacement unit 236 replaces, with the period
structure of the respiration variation model, the RRI data
row of a period or periods corresponding to the drowsiness
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value in which the abnormal signal is determined to be
mixed. The replacement unit 236 outputs, to the analysis unit
237, the RRI data row in the period structure of the respi-
ration variation model, the RRI data row which is obtained
by replacing an RRI data row of a period or periods
corresponding to a drowsiness value determined as includ-
ing an abnormal signal.

[0083] When receiving, from the determination unit 234,
the determination result based on the drowsiness value in
which the abnormal signal is not mixed, the replacement unit
236 does not perform replacement to the period structure of
the respiration variation model.

[0084] In addition, regardless of the determination result,
based on the RRI data row, of whether or not the abnormal
signal is mixed, the replacement unit 236 carries out resa-
mpling on the RRI data row of one period in which a
sequential update of the RRI data row is carried out. The
replacement unit 236 outputs, to the analysis unit 237, the
RRI data row which includes one period in which resam-
pling is carried out, that is, the RRI data row of the actual
measured value.

[0085] The analysis unit 237 receives, from the replace-
ment unit 236, the RRI data row in the period structure of the
respiration variation model, the RRI data row being obtained
by replacing, and the RRI data row of the actual measured
value. In the same manner as in the analysis unit 137, the
analysis unit 237 performs the spectral analysis on both RRI
data rows received from the replacement unit 236 to trans-
form the both RRL data rows to respective sets of spectral
density data. The analysis unit 237 outputs, to the drowsi-
ness value calculation unit 238, the respective sets of spec-
tral density data obtained by transformation.

[0086] When receiving the respective sets of spectral
density data from the analysis unit 237, the drowsiness value
calculation unit 238 calculates the drowsiness value to
determine the drowsiness level based on the respective sets
of spectral density data in addition of the process performed
by the drowsiness value calculation unit 138. That is, the
drowsiness value calculation unit 238 calculates the drowsi-
ness value based on the RR1 data row of the actual measured
value and the predicted drowsiness value based on the RRI
data row obtained by replacing into the period structure of
the respiration variation model. The drowsiness value cal-
culation unit 238 outputs the calculated drowsiness value
and the predicted drowsiness value to the determination unit
234.

[0087] Referring to FIG. 10, determination of the abnor-
mal signal is described based on the drowsiness value. FIG.
10 is a diagram illustrating an example of determining the
abnormal signal based on a drowsiness value. The graph 30
illustrated in FI1G. 10 is a graph which indicates a change of
the drowsiness value with time. It is assumed that the graph
30 includes regions 31 and 37 each of the drowsiness value
including an abnormal signal. A graph 32 illustrates the RRI
data row corresponding to the vicinity of the region 31. A
waveform 33 in the graph corresponds to three periods of the
respiration variation and includes noise. The waveform 33
may be determined incorrectly as including no abnormal
signal by determining whether or not the abnormal signal is
included based on the RRI data row. The graph 30 of the
drowsiness value, however, is affected by noise. Even in
such a case, the drowsiness detection device 200 of the
second embodiment replaces the region 31 of the drowsiness
value including the abnormal signal with the period structure
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of the respiration variation model, as illustrated in a wave-
form 35 in the graph 34. Thereby, the drowsiness detection
device 200 may remove influence of noise such as illustrated
in a region 31a of a graph 36. In addition, the drowsiness
detection device 200 may remove influence of noise such as
illustrated in a region 37a of the graph 36 in the same manner
as in the region 37 of the graph 30.

[0088] Next, the performance of the drowsiness detection
device 200 of the second embodiment will be described.
FIG. 11 is a flow chart illustrating an example of the
drowsiness detection process of the second embodiment. In
the description below, since the processes of steps S1 to S13
and S16 are the same as in the first embodiment, description
is omitted.

[0089] The drowsiness detection device 200 executes a
subsequent process continuous to the process of step S12 or
S13. In the analysis unit 237, when receiving, from the
replacement unit 236, the RRI data row in the period
structure of the respiration variation model obtained by
replacing and the RRI data row of the actual measured value,
each of the RRI data rows is converted to corresponding
spectral density data (step S21). The analysis unit 237
outputs, to the drowsiness value calculation unit 238, both
sets of the spectral density data obtained by the conversion.
[0090] When receiving the sets of the spectral density data
obtained by the conversion from the analysis unit 237, the
drowsiness value calculation unit 238 calculates the drowsi-
ness value based on each of the sets of the spectral density
data. The drowsiness value calculation unit 238 calculates
the drowsiness value based on the RRI data row of the actual
measured value and the predicted drowsiness value based on
the RRI data row, which is obtained by replacement, in the
period structure of the respiration variation model (step
S22). The drowsiness value calculation unit 238 outputs the
calculated drowsiness value and predicted drowsiness value
to the determination unit 234.

[0091] When receiving the drowsiness value and the pre-
dicted drowsiness value from the drowsiness value calcula-
tion unit 238, the determination unit 234 compares the
drowsiness value and the predicted drowsiness value (step
S23). The determination unit 234 determines whether or not
the abnormal signal is mixed based on a result of comparison
between the drowsiness value and the predicted drowsiness
value (step S24). In a case where the determination unit 234
determines that the abnormal signal is not mixed (step S24:
NO), the determination unit 234 outputs, to the replacement
unit 236, the determination result which indicates an
absence of the abnormal signal, the determination result
being obtained based on the drowsiness value, and the
process proceeds to the process of step S16.

[0092] In a case where the determination unit 234 deter-
mines that the abnormal signal is mixed (step S24: YES), the
determination unit 134 output, to the replacement unit 236,
the determination result which is obtained based on the
drowsiness value and indicates that the abnormal signal is
mixed. When receiving, from the determination unit 234, the
determination result which is obtained based on the drowsi-
ness value and indicates that the abnormal signal is mixed,
the replacement unit 236 replaces, with the periodic struc-
ture of the respiration variation model, the RRI data row of
a period or periods corresponding to the drowsiness value
which leads to the determination of the presence of the
mixing of the abnormal (step S25). The replacement unit
236 outputs, to the analysis unit 237, the RRI data row in the
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period structure of the respiration variation model, the RRI
data row which is obtained by replacing an RRI data row of
a period or periods corresponding to a drowsiness value
determined as including an abnormal signal, and then the
process rerurns to step S3. Thereby, since the drowsiness
detection device 200 detects and replaces the abnormal
signal which is difficult to be detected bythe determination
of mixing of the abnormal signal based on the RRI data row,
it is possible for the drowsiness detection device 200 to
secure continuity of the drowsiness estimate while improv-
ing the accuracy of the drowsiness estimate. In addition, the
drowsiness detection device 200 may quickly determine a
spectral abnormality.

[0093] In this manner, furthermore, the drowsiness detec-
tion device 200 calculates the drowsiness value based on the
respiration variation period, and the predicted drowsiness
value based on the predicted subsequent period structure. In
addition, the drowsiness detection device 200 determines
whether or not an abnormal signal is mixed in the heartbeat
interval data by comparing the drowsiness value and the
predicted drowsiness value. As a result, it is possible to
secure continuity of the drowsiness estimate while improv-
ing accuracy of the drowsiness estimate.

Third Embodiment

[0094] In the first embodiment, in a case where the shift
amount of the predicted subsequent period structure is less
than a predetermined value, the local minimum points are
corrected so as to match, but in a case where the shift amount
is a predetermined amount or more, a further one period may
be predicted and corrected, and the embodiment in this case
is described as a third embodiment. FIG. 12 is a block
diagram illustrating an example of a configuration of a
drowsiness detection device of the third embodiment. Here,
due to the same configuration as the drowsiness detection
device 100 of the first embodiment being indicated with the
same reference numerals, description of the overlapping
configuration and of the operation are omitted.

[0095] A drowsiness detection device 300 of the third
embodiment includes a correction unit 335 in place of the
correction unit 135 of the drowsiness detection device 100
of the first embodiment.

[0096] The correction unit 335 performs a process
described below in addition to a process same as the process
carried out by the correction unit 135. When the shift amount
of difference between the periodic structure of the actual
measured value of the RRI data row and a first preidcted
periodic structure of the respiration variation model is
different by 20% or more of one period of the first predicted
period structure, the correction unit 335 predicts and corrects
the period structure including the first predicted period
structure of one period and a second predicted period
structure of one period subsequent to the first predicted
period structure.

[0097] The correction unit 335, in particular, shifts and
corrects the first predicted period structure of the respiration
variation model so as to match the local minimum point of
the first predicted period structure of the respiration varia-
tion model to the local minimum point of the respiration
variation period based on the RRI data row during sequential
update. When performing correction in which the local
minimum points is matched each other, the correction unit
335 determines whether or not the shift amount is a prede-
termined value or more. In a case where the shift amount is
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the predetermined value or more, the correction unit 335
predicts the second period structure, as a second predicted
period structure, of the further one period from the local
maximum point on an end point side of the first predicted
period structure prior to shifting. The correction unit 335
corrects the respiration variation model which is used in
prediction of the subsequent period structure based on the
predicted period structure. That is, the correction unit 335
predicts the period structure of two periods of the respiration
variation model. The correction unit 335 outputs the cor-
rected respiration variation model to the prediction unit 133.
Here, in a case where the shift amount is not the predeter-
mined value or more, the correction unit 335 does not
perform correction of the respiration variation model in the
second period structure.

[0098] Here, referring to FIG. 13, there is described cor-
rection of the respiration variation model of a case where the
shifted period structure is shifted by the predetermined value
or more. FIG. 13 is a diagram illustrating an example of
replacement in a case where a shified period structure is
shifted by a predetermined value or more. As illustrated in
FIG. 13, in the respiration variation model, a period structure
42 is predicted from a point as a local maximum point 41 of
the RRI data row, and the subsequent local maximum point
43 is predicted. In the example in FIG. 13, it is assumed that
a local maximum point 46 of the actual measured value is
shifted 20% or more of one period of a predicted and
confirmed period structure 44 from the local maximum point
43 of the predicted period structure 44 when a period
structure 45 of the RRI data row of the actual measured
value is sequentially updated. For this reason, the correction
unit 335 predicts a period structure 47 of the further one
period from the local maximum point 43. After that, when
the period structure 45 of the RRI data row of the actual
measured value is updated from the local maximum point 41
to a local maximum point 49 apart from the local maximum
point 41 by two period, the correction unit 335 shifts the
local maximum point 48 of the period structure 47 so as to
match the local maximum point 49. That is, the correction
unit 335 replaces, with a period structure 50, the period
structure 45 of the RRI data row of the actual measured
value of two periods from the local maximum point 41 to the
local maximum point 49. That is, in the example of FIG. 13,
a period structure 45a having a distorted waveform of two
periods is replaced with a period structure 50 of two periods.
In addition, in the prediction unit 133, a subsequent period
structure 51 is predicted based on the respiration variation
model calculated by the correction unit 335, that is, the
respiration variation model corrected by the period structure
50.

[0099] Next, the configuration of the drowsiness detection
device 300 of the third embodiment will be described. FIG.
14 is a flow chart illustrating an example of the drowsiness
detection process of the third embodiment. In the description
below, since processes of steps S1 to S16 are the same as in
the first embodiment, the description is omitted.

[0100] The drowsiness detection device 300 executes a
subsequent process continuous to the process of step S10.
When performing correction in which the local minimum
points are matched, the correction unit 335 determines
whether or not the shift amount is a predetermined value or
more (step S31). In a case where the shift amount is the
predetermined value or more (step S31: YES), the correction
unit 335 predicts the period structure of the further one
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period from the local maximum point on the end point side
in the subsequent period structure prior to shifting and
corrects the respiration variation model (step S32). In the
correction unit 335, in a case where the shift amount is not
the predetermined value or more (step S31: NO), the process
proceeds to step S11. Thereby, since the drowsiness detec-
tion device 300 replaces the period structure in which noise
is mixed in a case where a great amount of noise is mixed,
it is possible to secure continuity of the drowsiness estimate
while improving the accuracy of the drowsiness estimate.
That is, the drowsiness detection device 300 is able to
achieve stability of estimation precision using a low-order
AR model. In addition, the drowsiness detection device 300
is able to mitigate deterioration of precision of spectral
calculation using a low-order model by following only the
period component of a predetermined region (for example,
from a reference to0 +20%).

[0101] In this manner, in a case where the shifted subse-
quent period structure is shifted from the subsequent period
structure prior to shifting by the predetermined value or
more, the drowsiness detection device 300 predicts the
period structure of the further one period from the local
maximum point on an end point side in the subsequent
period structure prior to shifting. In addition, the drowsiness
detection device 300 corrects the respiration variation model
which is used in prediction of the subsequent period struc-
ture based on the predicted period structure. As a result, it is
possible to secure continuity of the drowsiness estimate
while improving accuracy of the drowsiness estimate.

Fourth Embodiment

[0102] In the first embodiment, the respiration variation
model is predicted based on the period and amplitude of the
RRI data row. The respiration variation model may, how-
ever, be predicted considering the component at the low
frequency side (LF) of the respiration variation period, and
the embodiment of this case will be described as a fourth
embodiment. FIG. 15 is a block diagram illustrating an
example of a configuration of a drowsiness detection device
of the fourth embodiment. Here, due to the same configu-
ration as the drowsiness detection device 100 of the first
embodiment being indicted with the same reference numet-
als, descriptions of the overlapping configuration and the
operation are omitted.

[0103] A drowsiness detection device 400 of the fourth
embodiment includes a prediction unit 433 in place of the
prediction unit 133 of the drowsiness detection device 100
of the first embodiment.

[0104] The prediction unit 433 predicts the subsequent
period structure of the respiration variation considering
variation of a long period in addition to the process in the
prediction unit 133. The prediction unit 433 calculates the
local maximum point trend which indicates change of the
local maximum point, the local minimum point trend which
indicates change of the local minimum point, and the
amplitude trend which indicates change of the amplitude
based on the periods of past respiration variation within an
integrated interval of the RRI data row and the period of the
input respiration variation. The prediction unit 433 calcu-
lates the respiration variation model to predict the subse-
quent period structure based on the past respiration variation
periods within an integrated interval of the RRI data row, the
input respiration variation period, the calculated local maxi-
mum point trend, the local minimum point trend, and the
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amplitude trend. The prediction unit 433 outputs the respi-
ration variation model which includes the predicted subse-
quent period structure to the determination unit 134 and the
correction unit 135.

[0105] There will be described prediction of the subse-
quent period structure based on each trend using FIG. 16.
FIG. 16 is a diagram illustrating an example of prediction
which reflects a long period trend. As illustrated in FIG. 16,
in the respiration variation graph 70 which is the RRI data
row, the prediction unit 433 calculates a local maximum
point trend 72, a local minimum point trend 73, and an
amplitude trend 74 from the respiration variation periods in
the determined interval 71. The prediction unit 433 calcu-
lates, based on the respiration variation period, the calcu-
lated local maximum point trend 72, the local minimum
point trend 73, and the amplitude trend 74, the respiration
variation model to predict the period structure in a future
interval 75. Here, in the example of FIG. 16, the respiration
variation model is calculated based on each trend, and each
trend is reflected in the prediction of the period structure of
three periods.

[0106] Next, the configuration of the drowsiness detection
device 400 of the fourth embodiment will be described. FIG.
17 is a flow chart illustrating an example of the drowsiness
detection process of the fourth embodiment. In the descrip-
tion below, since processes of steps S1 to S4, and S6 to S16
are the same as in the first embodiment, the descriptions are
omitted.

[0107] The drowsiness detection device 400 executes sub-
sequent processes continuous to the process of step S4 and
the subsequent processes will be explained. When receiving
the respiration variation period and the RRI data row from
the calculation unit 132, the prediction unit 433 calculates,
based on the respiration variation period, trends of the local
maximum point, the local minimum point, and the amplitude
(step S41). The prediction unit 433 calculates the respiration
variation model to predict the subsequent period structure
based on the respiration variation period and the calculated
trends of the calculated local maximum point, the local
minimum point, and the amplitude (step S42). The predic-
tion unit 433 outputs, to the determination unit 134 and the
correction unit 135, the respiration variation model which
includes the predicted subsequent period structure, and the
process proceeds to step S6. Thereby, since the drowsiness
detection device 400 considers a component of the long
period which is equivalent to blood pressure variation, even
when there is noise for a long period, it is possible to secure
continuity of the drowsiness estimate while checking dete-
rioration of accuracy of the drowsiness estimate.

[0108] Inthis manner, the drowsiness detection device 400
calculates, based on the calculated respiration variation
period, the local maximum point trend which indicates
change of the local maximum point, the local minimum
point trend which indicates change of the local minimum
point, and the amplitude trend which indicates change of the
amplitude. In addition, the drowsiness detection device 400
predicts the subsequent period structure of the respiration
variation based on the calculated local maximum point
trend, the local minimum point trend, and the amplitude
trend. Accordingly, it is possible to secure continuity of the
drowsiness estimate while preventing deterioration of accu-
racy of the drowsiness estimate.

[0109] Inaddition, each configuration element of each unit
which is illustrated may be configured physically other than
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as illustrated. That is, the specific mode of distributed form
or integrated form of each unit is not limited to the illus-
tration. It is possible to configure functionally or physically
the entirety or a portion of each unit in a distributed or
integrated form according to various loads, usage condi-
tions, and the like. For example, the generation unit 131 and
the calculation unit 132 may be integrated. In addition, each
process which is illustrated does not have to be limited to the
above order, and in a range that does not contradict the
processing contents, may be simultaneously implemented,
and may be implemented in a switched order.

[0110] Furthermore, various process functions which are
performed by each device may be executed by the entirety
or an arbitrary portion on the CPU (or a micro computer
such as the MPU or a micro controller unit (MCU)) as an
example of processor that performs various control and
arithmetic operations. In addition, the entirety or an arbitrary
portion of various process functions may be executed on a
program which is executed using the CPU (or a micro
computer such as the MPU or the MCU), or on hardware
using wired logic.

[0111] Here, various processes which are described in
each of the embodiments above are able to be realized by
executing a program prepared in advance using a computer
as an example of processor that performs various control and
arithmetic operations. Therefore, an example of the com-
puter which executes the program that has the same function
as the embodiments above will be described below. FIG. 18
is a diagram illustrating an example of a computer which
executes a drowsiness detection program.

[0112] As illustrated in FIG. 18, a computer 500 includes
a CPU 501, as an example of processor, which executes
various arithmetic processes, an input device 502 which
receives data input, and a monitor 503. In addition, the
computer 500 includes a medium reading device 504 which
reads a program or the like from a storage medium such as
a non-transitory computer-readable recording medium, an
interface device 505 for connecting various devices, and a
communication device 506 for connecting wiredly or wire-
lessly to other information processing devices and the like.
In addition, the computer 500 includes a RAM 507 which
temporarily stores various information, and a hard disk
device 508. In addition, each device 501 to 508 is coupled
to a bus 509.

[0113] A drowsiness detection program which functions in
the same manner as each processing unit of the generation
unit 131, the calculation unit 132, the prediction unit 133,
the determination unit 134, the correction unit 135, the
replacement unit 136, the analysis unit 137, and the drowsi-
ness value calculation unit 138 which are illustrated in FIG.
1 is stored on the hard disk device 508. In addition, a
drowsiness detection program which functions in the same
manner as each processing unit of the generation unit 131,
the calculation unit 132, the prediction unit 133, the deter-
mination unit 234, the correction unit 135, the replacement
unit 236, the analysis unit 237, and the drowsiness value
calculation unit 238 which are illustrated in FIG. 9 may be
stored on the hard disk device 508. In addition, a drowsiness
detection program which functions in the same manner as
each processing unit of the generation unit 131, the calcu-
lation unit 132, the prediction unit 133, the determination
unit 134, the correction unit 335, the replacement unit 136,
the analysis unit 137, and the drowsiness value calculation
unit 138 which are illustrated in FIG. 12 may be stored on
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the hard disk device 508. In addition, a drowsiness detection
program which functions in the same manner as each
processing unit of the generation unit 131, the calculation
unit 132, the prediction unit 433, the determination unit 134,
the correction unit 135, the replacement unit 136, the
analysis unit 137, and the drowsiness value calculation unit
138 which are illustrated in FIG. 15 may be stored on the
hard disk device 508. In addition, various data is stored on
the hard disk device 508 in order to realize the drowsiness
detection program such as the respiration variation model.
[0114] For example, an input device 502 receives input of
various information such as operation information and man-
agement information from the subject or an operator who is
a user of a computer 500. For example, a monitor 503
displays various screens such as a warning screen for the
user or the manager of the computer 500. For example, the
interface device 505 is coupled by a control device or the
like of a vehicle. For example, a communication device 506
is coupled to a network which is not illustrated in the
drawings, and exchanges with various devices and various
information.

[0115] The CPU 501 performs various processes by read-
ing each program which is stored on the hard disk device
508, and executing expansion in the RAM 507. In addition,
the programs are able to cause the computer 500 to function
as the generation unit 131, the calculation unit 132, the
prediction unit 133, the determination unit 134, the correc-
tion unit 135, the replacement unit 136, the analysis unit
137, and the drowsiness value calculation unit 138 which are
illustrated in F1G. 1. In addition, the programs may cause the
computer 500 to function as the generation unit 131, the
calculation unit 132, the prediction unit 133, the determi-
nation unit 234, the correction unit 135, the replacement unit
236, the analysis unit 237, and the drowsiness value calcu-
lation unit 238 which are illustrated in FIG. 9. In addition,
the programs may cause the computer 500 to function as the
generation unit 131, the calculation unit 132, the prediction
unit 133, the determination unit 134, the correction unit 335,
the replacement unit 136, the analysis unit 137, and the
drowsiness value calculation unit 138 which are illustrated
in FIG. 12. In addition, the programs may cause the com-
puter 500 to function as the generation unit 131, the calcu-
lation unit 132, the prediction unit 433, the determination
unit 134, the correction unit 135, the replacement unit 136,
the analysis unit 137, and the drowsiness value calculation
unit 138 which are illustrated in FIG. 15.

[0116] Here, the drowsiness detection program does not
have to be stored on the hard disk device 508. For example,
the program which is stored on a recording medium so as to
be readable by the computer 500 may be executed by
reading by the computer 500. For example, the recording
medium which is readable by the computer 500 corresponds
to a portable storage medium such as a CD-ROM, a DVD
disc, a universal serial bus (USB) memory and the like, a
semiconductor memory such as a flash memory, a hard disk
drive, and the like. In addition, the drowsiness detection
program may be stored in a device which is coupled to a
public network, the Internet, LAN, or the like, and from
these the computer 500 may execute by reading the drowsi-
ness detection program.

[0117] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are to
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be construed as being without limitation to such specifically
recited examples and conditions, nor does the organization
of such examples in the specification relate to a showing of
the superiority and inferiority of the invention. Although the
embodiments of the present invention have been described
in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.
What is claimed is:
1. A drowsiness detection device comprising:
a memory; and
a processor coupled to the memory and the processor
configured to:
calculate a respiration variation period based on heartbeat
interval data which is generated based on data that is
obtained from a heartbeat sensor;
predict a subsequent period structure of the respiration
variation based on the calculated respiration variation
period;
determine whether or not an abnormal signal is mixed in
the heartbeat interval data by comparing the heartbeat
interval data during sequential update and the predicted
subsequent period structure; and
replace the respiration variation petiod which corresponds
to the heartbeat interval data that includes the abnormal
signal with the predicted subsequent period structure in
a case where it is determined that the abnormal signal
is mixed.
2. The drowsiness detection device according to claim 1,
wherein
the processor configured to:
shift and correct the subsequent period structure such that
a local minimum point or a local maximum point of the
predicted subsequent period structure matches the local
minimum point or the local maximum point of the
respiration variation period based on the heartbeat
interval data during sequential update;
calculate the respiration variation between local maxi-
mum points as one period; and
determine whether or not an abnormal signal is mixed in
the heartbeat interval data by comparing the heartbeat
interval data during sequential update and the shifted
subsequent period structure.
3. The drowsiness detection device according to claim 1,
wherein
the processor configured to:
calculate a drowsiness value based on the respiration
variation period and a predicted drowsiness value based
on the predicted subsequent period structure,
determine whether or not an abnormal signal is mixed in
the heartbeat interval data by comparing the drowsiness
value and the predicted drowsiness value.
4. The drowsiness detection device according to claim
2, wherein
in a case where the shifted subsequent period structure is
shifted from the subsequent period structure prior to
shifting by the predetermined value or more,
the processor configure to:
predict a period structure of a further one period from the
local maximum point on an end point side in the
subsequent period structure prior to shifting and cor-
rects a respiration variation model which is used in
prediction of the subsequent period structure based on
the predicted period structure.
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5. The drowsiness detection device according to claim 1,

wherein

the processor configure to:

calculate a local maximum point trend which indicates
change of the local maximum point, a local minimum
point trend which indicates change of the local mini-
mum point, and an amplitude trend which indicates
change of amplitude based on the calculated respiration
variation period, and predicts the subsequent period
structure of the respiration variation based on the
calculated local maximum point trend, the local mini-
mum point trend, and the amplitude trend.

6. A drowsiness detection method comprising:

calculating, by a processor, a respiration variation period
based on heartbeat interval data which is generated
based on data that is obtained from a heartbeat sensor;

predicting a subsequent period structure of the respiration
variation based on the calculated respiration variation
period,;

determining whether or not an abnormal signal is mixed
in the heartbeat interval data by comparing the heart-
beat interval data during sequential update and the
predicted subsequent period structure; and

replacing the respiration variation period which corre-
sponds to the heartbeat interval data that includes the
abnormal signal with the predicted subsequent period
structure in a case where it is determined that the
abnormal signal is mixed.

7. The drowsiness detection method according to claim 6,

further comprising:

shifting and correcting the subsequent period structure
such that a local minimum point or a local maximum
point of the predicted subsequent period structure
matches the local minimum point or the local maxi-
mum point of the respiration variation period based on
the heartbeat interval data during sequential update,

wherein the calculating calculates the respiration varia-
tion between local maximum points as one period; and

the determining determines whether or not an abnormal
signal is mixed in the heartbeat interval data by com-
paring the heartbeat interval data during sequential
update and the shifted subsequent period structure.

8. The drowsiness detection method according to claim 6,

further comprising:

calculating a drowsiness value based on the respiration
variation period and a predicted drowsiness value based
on the predicted subsequent period structure,

wherein the determining determines whether or not an
abnormal signal is mixed in the heartbeat interval data
by comparing the drowsiness value and the predicted
drowsiness value.

9. The drowsiness detection method according to claim 7,

wherein in a case where the shifted subsequent period
structure is shifted from the subsequent period structure
prior to shifting by the predetermined value or more,
the correcting predicts a period structure of a further
one period from the local maximum point on an end
point side in the subsequent period structure prior to
shifting and corrects a respiration variation model
which is used in prediction of the subsequent period
structure based on the predicted period structure.

10. The drowsiness detection method according to claim
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wherein the predicting calculates a local maximum point
trend which indicates change of the local maximum
point, a local minimum point trend which indicates
change of the local minimum point, and an amplitude
trend which indicates change of amplitude based on the
calculated respiration variation period, and predicts the
subsequent period structure of the respiration variation
based on the calculated local maximum point trend, the
local minimum point trend, and the amplitude trend.

11. A non-transitory computer-readable recording
medium having stored therein a program that causes a
computer to execute a process, the process comprising:

calculating a respiration variation period based on heart-

beat interval data which is generated based on data that
is obtained from a heartbeat sensor;

predicting a subsequent period structure of the respiration

variation based on the calculated respiration variation
period;

determining whether or not an abnormal signal is mixed

in the heartbeat interval data by comparing the heart-
beat interval data during sequential update and the
predicted subsequent period structure; and

replacing the respiration variation period which corre-

sponds to the heartbeat interval data that includes the
abnormal signal with the predicted subsequent period
structure in a case where it is determined that the
abnormal signal is mixed.

12. The non-transitory computer-readable recording
medium according to claim 11, the process further compris-
ing:

shifting and correcting the subsequent period structure

such that a local minimum point or a local maximum
point of the predicted subsequent period structure
matches the local minimum point or the local maxi-
mum point of the respiration variation period based on
the heartbeat interval data during sequential update,
wherein the calculating calculates the respiration varia-
tion between local maximum points as one period; and
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the determining determines whether or not an abnormal
signal is mixed in the heartbeat interval data by com-
paring the heartbeat interval data during sequential
update and the shifted subsequent period structure.
13. The non-transitory computer-readable recording
medium according to claim 11, the process further compris-
ing:
calculating a drowsiness value based on the respiration
variation period and a predicted drowsiness value based
on the predicted subsequent period structure,
wherein the determining determines whether or not an
abnormal signal is mixed in the heartbeat interval data
by comparing the drowsiness value and the predicted
drowsiness value.
14. The non-transitory computer-readable recording
medium according to claim 12,
wherein in a case where the shifted subsequent period
structure is shifted from the subsequent period structure
prior to shifting by the predetermined value or more,
the correcting predicts a period structure of a further
one period from the local maximum point on an end
point side in the subsequent period structure prior to
shifting and corrects a respiration variation model
which is used in prediction of the subsequent period
structure based on the predicted period structure.
15. The non-transitory computer-readable recording
medium according to claim 11,
wherein the predicting calculates a local maximum point
trend which indicates change of the local maximum
point, a local minimum point trend which indicates
change of the local minimum point, and an amplitude
trend which indicates change of amplitude based on the
calculated respiration variation period, and predicts the
subsequent period structure of the respiration variation
based on the calculated local maximum point trend, the
local minimum point trend, and the amplitude trend.
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