US 20060189855A1

a2y Patent Application Publication () Pub. No.: US 2006/0189855 A1

a9y United States

Moriya et al.

43) Pub. Date: Aug. 24, 2006

(54) DEVICE FOR DETECTING A SLEEPING (30) Foreign Application Priority Data
STATE JUDGING DEVICE, METHOD OF
DETECTING A SLEEPING STATE JUDGING Jan. 14, 2005 (JP) oo 2005-008235
METHOD, AND COMPUTER PROGRAM
PRODUCT Publication Classification
(75) Inventors: Akihisa Moriya, Kanagawa (JP); (51) Int. ClL
Takuji Suzuki, Kanagawa (JP); A6IB  5/00 (2006.01)
Kazushige Ouchi, Kanagawa (JP); A61B  5/02 (2006.01)
Kenichi Kameyama, Kanagawa (JP) A61B  5/103 (2006.01)
(52) US.CL ... 600/301; 600/595; 600/500
Correspondence Address: (57) ABSTRACT
OBLON, SPIVAK, MCCLELLAND, MAIER & . . . . .
NEUSTADT. P.C. A device for detecting a sleeping state that judges a sleeping
1940 DUKE’STREET state of a subject includes a brain activity measuring unit that
ALEXANDRIA, VA 22314 (US) measures an index which reflects brain activities and which
’ indicates an extent of changes in an activity state of a brain
(73) Assignee: Kabushiki Kaisha Toshiba, Minato-ku of the subject during sleeping at every given unit time; and
(JP) a sleeping state judging unit that judges the sleeping state at
a given time in a time window which covers one cycle of
(21) Appl. No.: 11/326,511 sleeping, based on the index which reflects the brain activi-
ties and which is measured by the brain activity measuring
(22) Filed: Jan. 6, 2006 unit at every given unit time within the time window.
100
¢
SLEEPING STATE JUDGING DEVICE
30 21
§ §
I BODY MOVEMENT JUDGING ],2\1,1
— UNIT
I WAKING JUDGING UNIT Irglz
_f BODY MOVEMENT SAMPLING DATA |,\,
PROCESSING UNIT
__{ PULSE PERIOD DATA CALCULATING INZ3
AUTONOMIC NERVE INDEX DATA- | 24
SODY MOVEMENT PROCESSING UNIT 241 )
—~_] ] FREQUENCY SPECTRUM
14 MMEASURING UNIT o CONVERSION UNIT f\'
1l 5
— = AUTONOMIC NERVE INDEX | 242
5 bt 2 ACQUIRING UNIT “\'
151 15 ~ 1-2-
- [0}
H PULSEWAVE | O PULSE STANDARD DEVIATION |,35
SENSOR MEASURING UNIT CALCULATING UNIT -
16 ~L|communIGATION |— || SLEEPING STATE JUDGING UNIT | 26
UNIT -
TTVIE MEASURING —  TIME WINDOW SETTING UNIT ] 27
A Rl
UNIT




Patent Application Publication Aug. 24,2006 Sheet 1 of 10 US 2006/0189855 A1
$1 00
SLEEPING STATE JUDGING DEVICE
BODY MOVEMENT JUDGING 211
- UNIT
212
WAKING JUDGING UNIT
11~ INPUTUNIT [
|| BODY MOVEMENT SAMPLING DATA | 22
- PROCESSING UNIT
1244 DISPLAY UNIT
' || PULSE PERIOD BQTA CALCULATING | 23
IT
13—~-{ STORAGE UNIT |—
AUTONOMIC NERVE INDEX DATA | 24
DY MOVEMENT PROCESSING UNIT ’
- 241
14— FREQUENCY SPECTRUM
MEAS"'R]'NG UNIT cE H CONVERSION UNIT
2
141~ ACCELERATION 3 AUTONOMIC NERVE INDEX | 242
151 .5 SENSOR E ACQUIRING UNIT [~
{ N 'z
PULSEWAVE |1 PULSEWAVE |- O | [ PULSE STANDARD DEVIATION |23
MEASURING UNIT CALCULATING UNIT
DATA :
16 —-{commUNICATION |— | SLEEPING STATE JUDGING UNIT | 26
UNIT <
" | FIME MEASURING | TIME WINDOW SETTING UNIT | 27
17T UNIT
18 —| POWER supPLY
UNIT
194+  sPEakER |




Patent Application Publication Aug. 24,2006 Sheet 2 of 10 US 2006/0189855 A1

FIG.2

S



Patent Application Publication Aug. 24,2006 Sheet 3 of 10

US 2006/0189855 A1
FIG.4
SAMPLING DATA
A \\
y2 A f
S SN
¢ t1>' 2 TIME
{0 PULSE PERIOD t
FIG.5

puLse perion |V VVWWANN NN VNN NN

—l
»

TIME
FREQUENCY
POWER SPECTRUM OF

ANALYSIS
PULSE PERIOD |, S
A :

».

" LF " HF FREQUENCY



Patent Application Publication Aug. 24,2006 Sheet 4 of 10 US 2006/0189855 A1

FIG.6
( START ’

<&

A

[ACQUIRE PULSE WAVE DATA |-~ $100

v
rCALCULATE PULSE PERIOD $102

ACQUIRE BODY MOVEMENT |_~ ¢404
DATA -
Y A

[ JUDGE SLEEPING/WAKING $106
WAKING

‘ $110

SLEEPING ] ¢
CALCLI\JlléAR‘I;/EE A}Hggzlowc 5120 | ACCUMULATE WAKING DATA
l

Y

CALCU LATE PULSE
STANDARD DEVIATION $122

OF PIECES OF
DATAZTHRESHOLD

Y.

> $150
‘ }

| [ cHANGE TIME winDOw |
| ALARM PROCESSING S138 I

END




Patent Application Publication Aug. 24,2006 Sheet 5 of 10 US 2006/0189855 A1

FIG.7

S$104 START

DETECT ACCELERATION IN
- TRIAXIAL DIRECTIONS S200

CALCULATE DIFFERENTIAL
COEFFICIENTS OF
ACCELERATION IN TRIAXIAL

DIRECTIONS ‘

S202

CALCULATE FLUCTUATION

AMOUNT OF BODY
MOVEMENT DATA BASED ON
DIFFERENTIAL COEFFICIENTS

S204

—JUDGE PRESENCE OR
ABSENCE OF BODY
MOVEMENT

S206

HAS DATA
PROCESSING WITHIN
SET SECTION BEEN
COMPLETED?

No

CALCULATE BODY A
MOVEMENT OCCURRENCE S210
FREQUENCY

(' S104END )



US 2006/0189855 A1

Patent Application Publication Aug. 24,2006 Sheet 6 of 10

FIG.8

q W
2
[
]
.« 1, ¥,
N Y T
L ‘s @)
< < . 4 -
< m . O
<49 o 4. (@]
* 4 0‘- o“ . 0
. c.J
PR N
- &Am o
A. A# o O
€ 3 &Au nl.v._
-
= e - =+ =+ ¢ <22 2w w oo we e eno oo . .nc.%....hw.ow:." o)
Sow? Lo o fio
QZ0an HE Wt
meﬁ I SNy .
. M . .' - v
. oo 802 L«
Em—._N.._m“u._ m H H m - 4 q FOU
Sz5u T S eeertereneceed} € 3
ﬂ OO m ' : H : MA PR m mOu
Illlv..:.....-.m..-.a. ............ “..MA o ¢ “ e
LIS SO N S S :
HEE * &
IVAYALNI SWIL A3HIS3A i i J
v Pl e g . : m
\Y.Au.unm..!.uln«u‘l..ulnl ‘:l:. < '
: NS
........................ i€ S
x i o
S g ?
™ ™
wn

X3ANI IAH3AN JINWONOLNY

t22

t12

t10 t20



Patent Application Publication Aug. 24,2006 Sheet 7 of 10 US 2006/0189855 A1

FIG.9

30 ¢
25¢
20 ¢t
15}t
10}

[8)]
T

A

AUTONOMIC NERVE INDEX
o

23 O'CLOCK 1 O'CLOCK 3 O'CLOCK 50'CLOCK TIME



Patent Application Publication Aug. 24,2006 Sheet 8 of 10

FIG.10

S132 START

US 2006/0189855 A1

PLOT AUTONOMIC NERVE
INDEX AND PULSE STANDARD
DEVIATION CORRESPONDING

TO SAME DETECTION TIME
IN SCATTER DIAGRAM

DOES WAKING DATA
CORRESPONDING TO SAME
DETECTION TIME
EXIST?

S300

DELETE PLOT

S304

HAS PLOTTING OF
ALL DATA WITHIN TIME BEEN
COMPLETED ?

JUDGE SLEEPING STATE FROM
CLUSTERING

S308

( S132 END ’



Patent Application Publication Aug. 24,2006 Sheet 9 of 10 US 2006/0189855 A1

FIG.11

S308 START

DIVIDE PLOTS IN SCATTER
DIAGRAM INTO FIRST CLUSTER
AND SECOND CLUSTER

S400

GIVE CLUSTER ID TO EACH PLOTE~S402

GIVE WAKING DATATO PLOT

HAVING NO CLUSTER ID S404

SORT PLOTS IN

CHRONOLOGICAL ORDER S406

JUDGE SLEEPING STATE BY S408
CLUSTERID e

{ S308 END '



Patent Application Publication Aug. 24,2006 Sheet 10 of 10 US 2006/0189855 A1

FIG.12

n
% 30 d e
""""""""""""""""""""""""""""""""""" ity
- 25 B 5 . SA
wi H A a‘A
& 20t E . ‘A H
o H a agt A A e Adu al®
% 15 : . a N -f x » o PN a & . -‘.#
i : - 4, 7 1. L 1. -,
.C_.J E{‘ !‘.° AMA . ‘{‘x .“*‘:‘} ad ::‘
i i s : ' o i
g 10 Sl.. 4 .A‘:.“ ..AA Wt :\AA:A ; A} - !
pd E . ¢ 4 ‘:’ 4 ® -] - e
E 5 :. h . i ‘: | A . i
5 0 U S M SIS SRS Bt S eSS
<

23 O'CLOCK 1 0O'CLOCK 30'CLOCK 50'CLOCK TIME



US 2006/0189855 Al

DEVICE FOR DETECTING A SLEEPING STATE
JUDGING DEVICE, METHOD OF DETECTING A
SLEEPING STATE JUDGING METHOD, AND
COMPUTER PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2005-008235, filed on Jan. 14, 2005; the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a device for detect-
ing a sleeping state, a method of detecting a sleeping state
and a computer program product for sleeping state judgment
that judge a sleeping state of a subject.

[0004] 2. Description of the Related Art Conventionally,
as a method for specifying a sleeping state, there is known
a method of recording a brain wave, myoelectricity and the
like using a polysomnogram and judging the sleeping state
based on the recorded brain wave, myoelectricity and the
like. However, in the method of measuring the brain wave,
the myoelectricity and the like, electrodes need to be
attached to a body, which increases the burden on a subject.

[0005] As a method in which the attachment of the elec-
trodes is not needed, there is known a method of analyzing
the fluctuation in cardiac beats based on RR intervals of the
pulse wave to judge an autonomic nerve state. Based on
sympathetic nerve activities and parasympathetic nerve
activities obtained in this technique, the sleeping state is
judged (for example, see Japanese Patent Application Laid-
Open No. H7-143972). Thereby, the sleeping state at a
predetermined time during a sequence of sleeping can be
judged.

[0006] However, in the method of judging the sleeping
state based on the RR intervals of the pulse wave, a sleep
cycle of a human, which is said to be 1.5 to 2.0 hours, is not
taken into consideration. Furthermore, circadian rhythm and
individual differences are not taken into consideration,
either. The base of the RR intervals is varied depending on
the circadian rhythm. Accordingly, if threshold values uti-
lized in the sleeping state judgment are set uniformly, the
sleeping state cannot be judged accurately.

[0007] Thus, since the RR intervals of the pulse wave are
affected by the circadian rhythm or the like, the sleeping
state judgment based on the RR intervals disadvantageously
lacks accuracy.

SUMMARY OF THE INVENTION

[0008] According to one aspect of the present invention, a
device for detecting a sleeping state that judges a sleeping
state of a subject, includes a brain activity measuring unit
that measures an index which reflects brain activities and
which indicates an extent of changes in an activity state of
a brain of the subject during sleeping at every given unit
time; and a sleeping state judging unit that judges the
sleeping state at a given time in a time window which covers
one cycle of sleeping, based on the index which reflects the
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brain activities and which is measured by the brain activity
measuring unit at every given unit time within the time
window.

[0009] According to another aspect of the present inven-
tion, a method of judging a sleeping state of a subject,
includes measuring an index which reflects brain activities
and which indicates an extent of changes in an activity state
of a brain of the subject during sleeping at every given unit
time; and judging the sleeping state at a given time in a time
window which covers one cycle of sleeping, based on the
index which reflects the brain activities and which is mea-
sured at every given unit time within the time window,
among the measured indexes which reflects the brain activi-
ties.

[0010] A computer program product according to still
another aspect of the present invention causes a computer to
perform the method according to the present invention.

[0011] In the sleeping state judging device according to
the present invention, since the brain activity measuring unit
measures an index which reflects brain activities and which
indicates the extent of changes in the activity state of the
brain of the subject during sleeping at every given unit time,
and the sleeping state judging unit judges the sleeping state
at the given time in the time window which covers one cycle
of sleeping, based on the index which reflects the brain
activities and which is measured by the brain activity
measuring unit at every unit time within the time window, an
influence of an error caused by circadian rhythm or the like
can be reduced without an increasing burden on the subject,
whereby the more accurate judgment of the sleeping state
can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram of an overall configu-
ration of a device for detecting a sleeping state according to
a first embodiment;

[0013] FIG. 2 is a view of one example of the attachment
of a device for detecting a sleeping state;

[0014] FIG. 3 is a view of another example of the attach-
ment of the sleeping state judging device;

[0015] FIG. 4 is a chart for explaining a manner of
calculation of pulse period data by a pulse period data
calculating unit;

[0016] FIG. 5 is a chart for explaining an acquisition
process by an autonomic nerve index data processing unit
which acquires autonomic nerve indexes LF and HF from a
power spectrum value;

[0017] FIG. 6 is a flowchart of a sleeping state judgment
process by the sleeping state judging device according to the
first embodiment;

[0018] FIG.7 is a detailed flowchart of a body movement
data acquisition process described with reference to FIG. 6;

[0019]

[0020] FIG. 9 is a chart of an autonomic nerve index
obtained during sleeping;

[0021] FIG.10 is a detailed flowchart of the sleeping state
judgment process explained in FIG. 6;

FIG. 8 is a chart for explaining a time window;
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[0022] FIG. 11 is a detailed flowchart of the sleeping state
judgment process by clustering; and

[0023] FIG. 12 is a chart showing a time window set by
a time window setting unit of the sleeping state judging
device according to a second embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0024] Hereinafter, the embodiments of a device for
detecting a sleeping state, a method of detecting a sleeping
state and a computer program product according to the
present invention are explained in detail with reference to
the accompanying drawings. The embodiments do not limit
the present invention.

[0025] First, a device for detecting a sleeping state accord-
ing to a first embodiment is described. The sleeping state
judging device according to the first embodiment can judge
a sleeping state of a subject during sleeping and sound a
wake-up alarm during REM sleeping, which results in
comfortable wake-up feelings.

[0026] FIG. 1 is a block diagram of an overall configu-
ration of the sleeping state judging device according to the
first embodiment. As shown in the figure, the sleeping state
judging device 100 has an input unit 11, a display unit 12,
a storage unit 13, a body movement measuring unit 14, a
pulse wave measuring unit 15, a data communication unit
16, a time measuring unit 17, a power supply unit 18, a
speaker 19, a sleeping/waking judging unit 21, a body
movement sampling data processing unit 22, a pulse period
data calculating unit 23, an autonomic nerve index data
processing unit 24, a pulse standard deviation calculating
unit 25, a sleeping state judging unit 26, a time window
setting unit 27, and a control unit 30.

[0027] Here, an example of the attachment of the sleeping
state judging device 100 as shown in FIG. 1 is explained.
FIG. 2 is a view of one example of the attachment of the
sleeping state judging device 100 shown in FIG. 1. Further-
more, FIG. 3 is a view of another example of the attachment
of the sleeping state judging device 100 shown in FIG. 1.
Though in FIG. 2, a pulse wave sensor 151 is attached to a
finger, and the body of the sleeping state judging device 100
is attached to a wrist like a wrist watch, the pulse wave
sensor 151 can be attached to a palm with an adhesive tape.
Alternatively, the pulse wave sensor 151 using infrared
radiation or a red light emitting diode (LED) and the body
of the sleeping state judging device 100 can be integrated as
shown in FIG. 3 and attached onto the artery of the wrist.

[0028] Returning to FIG. 1, the input unit 11 is a switch
by which a user turns the power on/off, or requests or
instructs the switching of the display. The display unit 12 is
a display device for displaying a sleeping state judgment
result, and specifically, is a liquid crystal display (LCD) or
the like.

[0029] The storage unit 13 stores measurement data such
as pulse wave data and body movement data, data after
processing such as pulse period data, and data such as
threshold values for judging the sleeping state. The storage
unit 13 is, specifically, a flash memory or the like.

[0030] The body movement measuring unit 14 measures
acceleration data as the body movement data indicating the
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body movement of the subject and performs data conver-
sion. The body movement measuring unit 14 has an accel-
eration sensor 141. The acceleration sensor 141 is an accel-
erometer measuring the acceleration of -2 g to 2 g in triaxial
directions, and is mounted inside the body of the sleeping
state judging device 100. The body movement measuring
unit 14 adjusts a gain and an offset of analog data of the
acceleration sensor 141 in an adjustment circuit. The analog
data is converted after the adjustment to a digital value by a
10-bit analog-digital (A/D) converter and the resulting digi-
tal value is output to the control unit 30.

[0031] The pulse wave measuring unit 15 measures the
pulse wave data of the subject and performs data conversion.
The pulse wave measuring unit 15 has the pulse wave sensor
151. The pulse wave sensor 151 includes a blue LED and a
photodiode. A skin surface of a finger is irradiated with light
and fluctuations in reflected light caused by the changes in
blood flow inside capillary vessels are captured by the
photodiode for measurement of the pulse wave. The pulse
wave measuring unit 1 further converts an output current
from the photodiode of the pulse wave sensor 151 into a
voltage by a current-voltage converter. The voltage is ampli-
fied by an amplifier and subjected to filtering by a high pass
filter (cut-off frequency: 0.1 Hz) and a low pass filter (cut-off
frequency: 50 Hz). Then, the processed voltage is converted
to a digital value by the 10-bit A/D converter and output to
the control unit 30.

[0032] The data communication unit 16 is a communica-
tion unit performing data communication with a personal
computer and a personal digital assistant (PDA) terminal via
wireless local area network (LAN) or the like, and specifi-
cally, is Bluetooth™ or the like. Furthermore, the time
measuring unit 17 is a device for measuring a time, and
specifically, is a real-time clock integrated circuit (IC) or the
like. Furthermore, the power supply unit 18 is a power
source supplying the power of the sleeping state judging
device 100, and specifically, is a battery. The speaker 19 has
an alarm function to sound an alarm at a desired time

[0033] The sleeping/waking judging unit 21 judges
whether or not the subject is awake based on the body
movement data of the subject. The sleeping/waking judging
unit 21 has a body movement judging unit 211 and a waking
judging unit 212. The body movement judging unit 211
determines a body movement when the fluctuation amount
of the body movement data is larger than a preset threshold
value. The waking judging unit 212 determines that the body
movement corresponding to the body movement data occurs
during waking when an occurrence frequency of the body
movement determined by the body movement judging unit
211 is equal to or higher than a threshold value, and
determines that the body movement corresponding to the
body movement data occurs during sleeping when the
occurrence frequency of the body movement is lower than
the threshold value.

[0034] The body movement sampling data processing unit
22 time-differentiates the acceleration data in the triaxial
directions which is obtained from the body movement
measuring unit 14 to obtain differential coeflicients of the
acceleration in the triaxial directions, and further obtains a
fluctuation amount of the body movement data which is a
square root of a sum of squares of each of the differential
coeflicients of the acceleration in the triaxial directions and
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a body movement amount which is an average of the
fluctuation amounts of the body movement data in the pulse
period. The body movement sampling data processing unit
22 provides the fluctuation amount of the body movement
data and the body movement amount to the body movement
judging unit 211 as the data for body movement judgment.

[0035] The pulse period data calculating unit 23 samples
the pulse wave data from the pulse wave of the subject, and
processes the relevant pulse wave data to obtain the pulse
period data. Here, the pulse period data is time interval data
of one cycle of the pulse wave of the subject.

[0036] Specifically, the pulse period data calculating unit
23 samples the pulse wave data from the pulse wave. A
sequence of sampled pulse wave data is time-differentiated
for the removal of a direct current fluctuation component
from the sequence of pulse wave data. Further after the
removal of the direct current fluctuation component, a
maximum value and a minimum value of the pulse wave
data approximately one second before and after a processing
point in the sequence of pulse wave data are acquired. A
value between the maximum value and the minimum value
is set a threshold value. For example, with a difference
between the maximum value and the minimum value
defined as an amplitude, a value of 90% of the amplitude
from the minimum value is used as a predetermined thresh-
old value.

[0037] Furthermore, times when the value of the sequence
of pulse wave data after the removal of the current fluctua-
tion component coincides with the threshold value are
calculated, and the pulse wave period data is obtained from
the interval between the calculated times.

[0038] Here, more specifically, a calculation method in
which the pulse period data calculating unit 23 shown in
FIG. 1 calculates the pulse period data is explained. FIG. 4
is a chart provided for the description of a manner of
calculation of the pulse period data by the pulse period data
calculating unit 23 shown in FIG. 1.

[0039] As shown in FIG. 4, a time corresponding to a
threshold value yO0 is set as t0. Further, a value of the pulse
wave data immediately before exceeding the threshold value
y0 is set as yl and the corresponding time is set as tl.
Moreover, a value of the pulse wave data immediately after
having exceeded the threshold value yO is set as y2, and the
corresponding time is set as t2. A time t corresponding to a
value of the data coinciding with the threshold value is
calculated from the formula 1.

t=t1+(22-11)x (y0-31)/(2-y1) )
[0040] The pulse period corresponds to a time interval

“t—t0” at this time. Accordingly, “t—t0” is calculated as the
pulse period data.

[0041] Returning to FIG. 1, the autonomic index data
processing unit 24 acquires two autonomic nerve indexes,
i.e., an index LF in a low-frequency domain (about 0.05 to
0.15 Hz) and an index HF in a high-frequency domain
(about 0.15 to 0.4 Hz) for judging the sleeping state.

[0042] The autonomic nerve index data processing unit 24
has a frequency spectrum conversion unit 241 and an
autonomic nerve index acquiring unit 242. The frequency
spectrum conversion unit 241 converts the sequence of pulse
period data processed by the pulse period data calculating
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unit 23 to a frequency spectrum distribution by an analysis
technique such as Fast Fourier Transform (FFT) method.

[0043] The autonomic nerve index acquiring unit 242
calculates the autonomic nerve indexes LF and HF from a
plurality of power spectrum values of the sequence pulse
period data converted to the frequency spectrum distribution
by the frequency spectrum conversion unit 241. Specifically,
an arithmetic average of a total value of three points, namely,
peak value of the power spectrum, and points before and
after the relevant peak value at even intervals from the
relevant peak value is taken as LF or HF.

[0044] The process in which the autonomic nerve index
data processing unit 24 shown in FIG. 1 calculates the
autonomic nerve indexes LF and HF from the values of the
power spectrum is explained. FIG. 5 is a chart for explaining
the process in which the autonomic nerve index data pro-
cessing unit 24 shown in FIG. 1 acquires the autonomic
nerve indexes LF, HF from the values of the power spec-
trum. The autonomic nerve index data processing unit 24
performs frequency analysis using FFT method for the pulse
period data at even intervals generated by the pulse period
data calculating unit 23. Thereby, the sequence of pulse
period data is converted to the frequency spectrum distri-
bution.

[0045] The upper graph of FIG. 5 shows the pulse period
data obtained by the pulse period data calculating unit 23.
The lower graph of FIG. 5 shows the spectrum distribution
of the power spectrum resulting from the frequency analysis
of the pulse period data shown in the upper graph of FIG.
5. As shown in FIG. 5, based on the power spectrum
distribution, LF and HF which are the autonomic nerve
indexes can be acquired.

[0046] As the frequency analysis method, FFT method is
preferable in terms of reducing the burden of the data
processing. As another example, the AR model, maximum
entropy method, wavelet method or the like may be used as
the frequency analysis method.

[0047] The pulse period data calculating unit 23 and the
autonomic nerve index data processing unit 24 according to
the first embodiment may function as a brain activity mea-
suring unit. Furthermore, the autonomic nerve index accord-
ing to the first embodiment may serve as an index which
reflects brain activities. In other words, in the first embodi-
ment, the autonomic nerve index is calculated as an index
accompanying the changes in the activity state of the brain
during sleeping.

[0048] Returning to FIG. 1 again, the pulse standard
deviation calculating unit 25 calculates a standard deviation
of the pulse wave data for one minute. The sleeping state
judging unit 26 judges the sleeping state based on the
autonomic nerve index obtained by the autonomic nerve
index data processing unit 24 and the pulse standard devia-
tion calculated by the pulse standard deviation calculating
unit 25. The time window setting unit 27 sets a detection
time of the data to be processed by the autonomic nerve
index acquiring unit 242 and the like.

[0049] The control unit 30 is a control unit that controls
the entire sleeping state judging device 100, and controls the
processing request to each of the processing units and the
flow of the data according to a request and an instruction
given by the subject. Specifically, upon receiving a request
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of the subject, the control unit 30 controls ON/OFF of the
power supply, the start of the sleeping state judgment
function, the display of the result of sleeping state judgment
and the like.

[0050] FIG. 6 is a flowchart showing the sleeping state
judgment process by the sleeping state judging device 100
according to the first embodiment. First, the subject operates
the input unit 11 of the sleeping state judging device 100 to
turn the power on and activate the sleeping state judgment
function. Further, a desired wake-up time is input. It is
desirable that time value in a range of one cycle or more of
sleeping, for example, 6 o’clock to 8 o’clock, is input as the
wake-up time.

[0051] The pulse wave measuring unit 15 of the sleeping
state judging device 100 starts the acquisition of the pulse
wave data from the pulse wave sensor 151 (step S100). The
pulse period data calculating unit 23 calculates the pulse
period data, based on the pulse wave data acquired by the
pulse wave measuring unit 15 (step S102). At the same time,
the body movement measuring unit 14 starts the acquisition
of the body movement data (step S104). Specifically, the
body movement data is calculated based on the acceleration
data detected by the acceleration sensor 141.

[0052] In the first embodiment, the pulse wave data is
detected every one minute, and the acceleration data is
detected every one second. Further, the time window setting
unit 27 sets a time window of 100 minutes.

[0053] The sleeping/waking judging unit 21 judges
whether the subject is in a sleeping state or in a waking state,
based on the body movement occurrence frequency calcu-
lated by the body movement judging unit 211 (step S106).
The method for judging whether the subject is in the
sleeping state or in the waking state is explained later.

[0054] When the subject is in the waking state (step S108,
waking), the waking data indicating that the subject is in the
waking state is accumulated in association with a detection
time when the relevant waking state is detected (step S110).

[0055] When the subject is in the sleeping state (step S108,
sleeping), the autonomic nerve index data processing unit 24
calculates the autonomic nerve index (step S120). The
calculated autonomic nerve index is accumulated in asso-
ciation with the detection time of the pulse wave data
corresponding to the relevant autonomic nerve index. Fur-
ther, the pulse standard deviation calculating unit 25 calcu-
lates a standard deviation of the pulse wave data for one
minute (step S122). The calculated pulse standard deviation
is accumulated in association with the detection time of the
pulse wave data corresponding to the relevant pulse standard
deviation.

[0056] When the number of accumulated pieces of the
above-explained data to be processed is equal to or more
than a threshold value (Yes in step S130), the sleeping state
judging unit 26, employing a time within the time window
set by the time window setting unit 27 as the detection time,
judges the sleeping state based on the autonomic nerve
index, the pulse standard deviation and the waking data
which are accumulated in association with the relevant
detection time (step S132). Next, the judged sleeping state is
accumulated in association with the corresponding detection
time. Further, the display unit 12 may display the result of
judgment.
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[0057] Next, when the current time is the waking-up time
and the sleeping state at this time is judged to be REM
sleeping (Yes in step S134 and Yes in step S136), the alarm
is sounded (step S138).

[0058] For example, when the period from 6 o’clock to 8
o’clock in the morning is set as the waking-up time, the
alarm can be sounded by the speaker 19 at the detection time
of the data judged to be REM sleeping. Then, the sleeping
state judgment process by the sleeping state judging device
100 is completed.

[0059] FIG. 7 is a detailed flowchart of the body move-
ment data acquisition process (step S104) described with
reference to FIG. 6.

[0060] First, the acceleration sensor 141 detects the accel-
eration in the triaxial directions (step S200). Next, the body
movement measuring unit 14 time-differentiates the accel-
eration data in the triaxial directions based on the accelera-
tion detected by the acceleration sensor 141 to calculate the
differential coeflicients of the acceleration in the triaxial
directions (step S202). Next, the fluctuation amount of the
body movement data, which is a square root of a sum of
squares of the respective differential coefficients of the
acceleration in the triaxial directions is calculated (step
S204). Next, the body movement judging unit 211 receives
the body movement data from the body movement sampling
data processing unit 22 to judge if there is the body move-
ment (step S206).

[0061] Specifically, the body movement judging unit 211
judges that there is the body movement when the fluctuation
amount of the body movement data is larger than the
threshold value. As the threshold value, it is preferable to use
0.01 G, for example, that is a minimum value for the minute
body movement used in a body movement meter.

[0062] When the process from step S200 to step S206 is
completed for the acceleration detected within a set section,
which is a desired time interval, (Yes in step S208), the body
movement judging unit 211 calculates the body movement
occurrence frequency in the set section (step S210). Here,
according to the first embodiment, the set section is one
minute.

[0063] The waking judging unit 212 judges that the body
movement occurs while the subject is awake when the
occurrence frequency of the body movement determined by
the body movement judging unit 211 is equal to the thresh-
old value or more. Further, when the occurrence frequency
of the body movement is less than the threshold value, the
waking judging unit 212 determines that the body movement
occus while the subject is sleeping. It is preferable that the
threshold value at this time is 20 times/minute, for example.
The threshold value at this time may be decided based on the
body movement occurrence frequency at the past waking
time.

[0064] Next, the process in step S130 and later explained
in reference to FIG. 6 is explained in detail. The threshold
value of the number of pieces of data used in step S130 is
a value corresponding to the time window set by the time
window setting unit 27. According to the first embodiment,
the pulse wave is detected every minute and the time
window is set to 100 minutes. Accordingly, the threshold
value of the number of pieces of data in step S130 is 100.
Thus, when the pulse wave data for 100 minutes is accu-
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mulated, the judgment of the sleeping state is performed
based on the accumulated pulse wave data of 100 minutes.

[0065] FIG. 8 is a chart for explaining the time window.
The time window setting unit 27 according to the first
embodiment sets a time interval including one cycle of
sleeping as the time window. One cycle of sleeping is 90
minutes. Accordingly, the time window setting unit 27 sets
the time interval of 90 minutes or more as the time window.
The time window shown in FIG. 8 is 100 minutes.

[0066] Based on the autonomic nerve index within a time
window 310 in which a time t10 is the start time and a time
t12 is the end time, the sleeping state judging unit 26 judges
the sleeping state at the time t12 which is the end time of the
time window 310 when the time t12 passes. Similarly, based
on the autonomic nerve index within a time window 320 in
which a time 20 is the start time, the sleeping state judging
unit 26 judges the sleeping state at a time t22 which is the
end time of the time window 320. In the first embodiment,
the time interval for judging the sleeping state is 25 minutes.

[0067] Thus, judging the sleeping state every 25 minutes
allows the sleeping state to be judged in real time. In terms
of valuing real-time judgment, it is preferable that the time
interval for judging the sleeping state is shorter than the
interval of the time window.

[0068] As explained in FIG. 8, in the first embodiment,
when the time window is set shorter than the time interval
of the time window, the sleeping state at a detection time is
judged from the respective processes for a plurality of time
windows. In this case, there is a possibility that respective
judgment results are different. However, in terms of valuing
the real-time judgment, it is preferable that the sleeping state
judged from the process for the time window including a
later time in the sleeping states judged from the respective
processes for the plurality of time windows is defined as the
sleeping state at the relevant detection time. In other words,
when the desired time passes, the sleeping state at the
desired time is judged based on the process in the time
window in which the desired time is the end time.

[0069] FIG. 9 is a chart showing the autonomic nerve
index obtained during sleeping. REM sleeping or non-REM
sleeping is judged from a magnitude relation between the
autonomic nerve index and the threshold value. However, in
an example shown in FIG. 9, the values of the autonomic
nerve index corresponding to the REM sleeping and the
non-REM sleeping, respectively are gradually increased as
time passes. This is due to the effect by circadian rhythm.
Thus, when the base itself of the autonomic nerve index is
increased, judging the REM sleeping or the non-REM
sleeping with a constant value used as the threshold value
has a high possibility that a judgment error occurs.

[0070] Furthermore, the index of the autonomic nerves is
affected by individual difference. Accordingly, in this case,
if the values of the autonomic nerve index from 23 o’clock
to 5 o’clock are compared with the same threshold value to
judge the REM sleeping or the non-REM sleeping, the
precise sleeping state cannot be judged.

[0071] Therefore, in the present embodiment, as explained
above, for a sequence of sleeping state, the threshold value
is set for every plurality of time windows including at least
one cycle of sleeping and the sleeping state is judged based
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on the relevant threshold value. This excludes the effect by
circadian rhythm and the like and enables the sleeping state
to be judged more precisely.

[0072] FIG.10 is a detailed flowchart of the sleeping state
judgment process (step S132) explained in FIG. 6 by the
sleeping state judging unit 26. The sleeping state judging
unit 26 according to the first embodiment may serve as a
clustering unit and a sleeping state judging unit.

[0073] According to the first embodiment, since 100 min-
utes are set as the time window, the processing is performed
for the data of 100 minutes. In other words, the processing
is performed 100 times.

[0074] First, the autonomic nerve index data accumulated
in association with an arbitrary detection time in step S120
and the pulse standard deviation accumulated in association
with the same detection time in step S122 are plotted in a
scatter diagram on plane coordinates (step S300). When the
waking data accumulated in association with the same
detection time as the detection time corresponding to this
plot in step S110 exists (Yes in step S302), the corresponding
plot is deleted from the scatter diagram (step S304).
Thereby, the sleeping state can be judged only for the data
during sleeping. Accordingly, the sleeping state can be
judged more precisely.

[0075] The process from step S300 to step S304 is
repeated until all the data within the time window is plotted
in the scatter diagram (Yes in step S306). In the first
embodiment, the process is repeated until 100 pieces of data
are plotted in the scatter diagram. By clustering the plots in
the scatter diagram, the sleeping state is judged (step S308).

[0076] FIG. 11 is a detailed flowchart of the sleeping state
judgment process by the clustering (step S308).

[0077] First, the scatter diagram is divided into two clus-
ters using K-average algorithm (step S400). A cluster ID of
the cluster whose center is closer to the origin is set as a first
cluster. A cluster ID of the cluster whose center of the origin
is farther from the origin is set as a second cluster.

[0078] The cluster ID is given to each piece of the data
plotted in the scatter diagram (step S402). At this time, a
cluster ID indicating that it is the waking data (step S404) is
given to the data without the cluster ID. Next, 100 pieces of
data each given the cluster ID are sorted in chronologic order
(step S406).

[0079] Based on the cluster ID given to each piece of data
sorted in chronologic order, the sleeping state is judged (step
S408). Specifically, at the detection time corresponding to
the data with the cluster ID of the first cluster, the subject is
judged to be in the non-REM sleeping state. At the detection
time corresponding to the data with the cluster ID of the
second or other cluster, the subject is judged to be in the
REM sleeping state.

[0080] The sleeping state judgment process according to
the first embodiment may be realized by a sleeping state
judging program stored in the storage unit 13, for example.
The sleeping state judging program may be provided by
being recorded on a computer-readable recording medium
such as CD-ROM, a floppy™ disk (FD) and a digital
versatile disk (DVD) in an installable form or an executable
form of a file.
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[0081] In this case, the sleeping state judging program is
loaded on a main storage device by being read from the
above-explained recording medium to be executed in the
sleeping state judging device 100, and the respective units
explained in the above software configuration are generated
on the main storage device.

[0082] Furthermore, the sleeping state judging program
according to the first embodiment may be configured to be
provided by being stored on a computer connected to a
network such as the Internet and being downloaded via the
network.

[0083] While the present invention is explained according
to the embodiment as shown above, various modifications or
improvements can be made to the above-explained embodi-
ment.

[0084] As a first modification, while in the present
embodiment, the subject is judged to be in one of the state
of REM sleeping and in the state of non-REM sleeping in the
sleeping state judgment, the subject may be judged to be in
one of three sleeping states, i.e., REM sleeping, deep non-
REM sleeping, and shallow non-REM sleeping.

[0085] Specifically, the scatter diagram plots are divided
into two clusters and K-average algorithm is applied to the
data clustered as the non-REM sleeping, again. Specifically,
for the data clustered as the non-REM sleeping, K-average
clustering is performed using the autonomic nerve index
data for both of the ordinate axis and the abscissa axis to plot
on the plane coordinates. The plots below the center of
gravity and near the origin are each given a cluster ID
corresponding to the deep non-REM sleeping. Further, to
each of the other plots, a cluster ID corresponding to the
shallow non-REM sleeping is given.

[0086] By sorting the data with the cluster ID in chrono-
logic order, the sleeping state at the respective detection
times is judged to be one of the REM sleeping, shallow
non-REM sleeping and deep non-REM sleeping.

[0087] The sleeping state to be judged is not limited to
those employed in the first embodiment, and non-REM
sleeping may be further subdivided to judge the levels of
non-REM sleeping.

[0088] Furthermore, as a second modification, while in the
first embodiment, the sleeping state is judged by clustering
using K-average algorithm, as another example, a threshold
value is set for each time window, and based on a magnitude
relation with the relevant threshold value, the sleeping state
may be judged. At this time, an average value of the data
within the time window may be the threshold value. Fur-
thermore, as another example, the threshold value may be
determined based on the standard deviation of the data
within the time window.

[0089] Thus, the data only needs to be divided into two
groups for each time window, and the method is not limited
to the present embodiment.

[0090] Furthermore, while the autonomic nerve index
indicating the activity state of the autonomic nerves is
calculated as the index reflecting the brain activities, which
indicates the extent of changes in the activity state of the
brain in the present embodiment, a cardiac beat period may
be calculated instead as a third modification.
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[0091] Next, the sleeping state judging device 200 accord-
ing to a second embodiment will be described. FIG. 12 is a
chart showing a time window set by the time window setting
unit 27 of the sleeping state judging device 200 according to
the second embodiment.

[0092] In the sleeping state judging device 100 according
to the first embodiment, in consideration of real-time judg-
ment, the time window is set at time intervals, each of which
is shorter than the time interval of the time window. In the
second embodiment, as shown in FIG. 12, the time window
is set so that the end time of one time window is the start
time of the next time window. In other words, in the second
embodiment, at the start time included in a predetermined
time window, the sleeping state is also judged from a
judgment result of the data of a relevant time window.

[0093] Hence, the sleeping state judging device 200
according to the second embodiment can reduce the pro-
cessing amount compared with the sleeping state judging
device 100 according to the first embodiment.

[0094] The other configuration and processing of the
sleeping state judging device 200 according to the second
embodiment are similar to the configuration and processing
of the sleeping state judging device 100 according to the first
embodiment.

[0095] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention

1. A device for detecting a sleeping state of a subject,
comprising;

a brain activity measuring unit that measures an index
which reflects brain activities and which indicates an
extent of changes in an activity state of a brain of the
subject during sleeping at every given unit time; and

a sleeping state judging unit that judges the sleeping state
at a given time in a time window which covers one
cycle of sleeping, based on the index which reflects the
brain activities and which is measured by the brain
activity measuring unit at every given unit time within
the time window.

2. The device according to claim 1, further comprising

a clustering unit that divides the indexes which reflect
brain activities into two clusters based on the plurality
of indexes which reflect the brain activities and which
are measured at every given unit time,

wherein the sleeping state judging unit judges the sleeping
state at the given time based on the clusters into which
the indexes which reflect the brain activities and are
measured at the given times in the time window are
divided.

3. The device according to claim 1, wherein the brain
activity measuring unit measures an activity state of an
autonomic nerve of the subject as the index which reflects
the brain activities.

4. The device according to claim 1, wherein the brain
activity measuring unit measures a period of cardiac beat of
the subject as the index which reflects the brain activities.

5. The device according to claim 1, wherein the sleeping
state judging unit judges whether the subject is in a state of
REM sleeping or in a state of non-REM sleeping based on
the index which reflects the brain activities.
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6. The device according to claim 1, further comprising

a sleeping and waking judging unit that judges whether
the subject is in a waking state or in a sleeping state,

wherein the sleeping state judging unit judges the sleeping
state, based on the index which reflects the brain
activities and is measured by the brain activity mea-
suring unit at the same time as a time when the sleeping
and waking judging unit judges that the subject is in the
sleeping state in the unit time.

7. The device according to claim 6, further comprising

a body movement detecting unit that detects a movement
of a body of the subject,

wherein the sleeping state judging unit judges whether the
subject is in the waking state or in the sleeping state,
based on a result of detection by the body movement
detecting unit.

8. The device according to claim 7, wherein the body
movement detecting unit is an acceleration sensor which
measures acceleration of the movement of the subject.

9. The device according to claim 7, wherein the body
movement detecting unit is a pressure sensor that measures
pressure generated by the movement of the subject.

10. The device according to claim 1, further comprising

a time window setting unit that sets plural time windows
at time intervals shorter than the time window;

wherein the sleeping state judging unit judges the sleeping
state at the given time, based on the index which
reflects the brain activities and which is measured by
the brain activity measuring unit in the time window
including a latest time in the plural time windows when
the given time is included in the plural time windows.
11. The device according to claim 1, further comprising

a time window setting unit that sets plural time windows
at time intervals shorter than the time window; and
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wherein the sleeping state judging unit judges the sleeping
state at the given time, based on the index which
reflects the brain activities and which is measured by
the brain activity measuring unit at the every unit time
in the time window in which the given time is latest
time, when the given time elapses.

12. A method of detecting a sleeping state of a subject,

comprising;

measuring an index which reflects brain activities and
which indicates an extent of changes in an activity state
of a brain of the subject during sleeping at every given
unit time; and

judging the sleeping state at a given time in a time
window which covers one cycle of sleeping, based on
the index which reflects the brain activities and which
is measured at every given unit time within the time
window, among the measured indexes which reflects
the brain activities.

13. A computer program product having a computer
readable medium including programmed instructions for
performing a sleeping state detecting process according to
which a sleeping state of a subject is judged, wherein the
instructions, when executed by a computer, cause the com-
puter to perform:

measuring an index which reflects brain activities and
which indicates an extent of changes in an activity state
of a brain of the subject during sleeping at every given
unit time; and

judging the sleeping state at a given time in a time
window which covers one cycle of sleeping, based on
the index which reflects the brain activities and which
is measured at every given unit time within the time
window, among the measured indexes which reflects
the brain activities.
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