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PSG TEST HEADGEAR AND PSG TEST
APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to a PSG test head-
gear and a PSG test apparatus for obtaining an all-night poly-
somnogram used for judging a sleep state of a user.

BACKGROUND ART

[0002] A PSG (Polysomnography) test is a test for evalu-
ating an overall sleep state and is used for judging a sleep
apnea syndrome. Specifically, the PSG test involves measut-
ing a plurality of measurement items including an electroen-
cephalogram, an electrooculogram, a chin electromyogram,
an oxygen saturation, naso-oral breathing, and thoraco-ab-
dominal breathing at the same time.

[0003] Which of the measurement items is to be measured
is defined as in Type 1 (Standard Full PSG), Type 2 (Com-
prehensive portable PSG), and the like according to a mea-
surement environment by American Academy of Sleep Medi-
cine (AASM), for example.

[0004] Since there are a wide variety of measurement items
for the PSG test as described above, it is assumed that the
measurements are carried out by engineers in specially-
equipped facilities such as a hospital. In Patent Literature 1 or
Patent Literature 2 below, there is disclosed a measurement
apparatus for measuring several measurement items for the
PSG test.

CITATION LIST
Patent Literature
[0005] [PTL 1]
[0006] Japanese Patent Application Laid-open No. 2004-
305258
[0007] [PTL 2]
[0008] Japanese Patent Application Laid-open No. 2008-
067892
SUMMARY

Technical Problem

[0009] However, a measurement apparatus that enables the

PSG test to be performed not in a specially-equipped facility
but at home by a user him/herself (home-monitoring) is being
desired. In a measurement apparatus as that disclosed in
Patent Literature 1 or Patent Literature 2, the test apparatus is
of alarge scale or the measurement items are insufficient, and
thus measurements in a specially-equipped facility are
assumed.

[0010] Inview of the circumstances as described above, it is
an object of the present disclosure to provide a PSG test
apparatus suitable for home-monitoring.

Solution to Problem

[0011] To attain the object described above, according to an
embodiment of the present disclosure, there is provided a
PSG test headgear including an electroencephalogram elec-
trode, an electrooculogram electrode, and an oxygen satura-
tion sensor. The electroencephalogram electrode acquires an
electroencephalogram of a user. The electrooculogram elec-
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trode acquires an electrooculogram of the user. The oxygen
saturation sensor acquires an oxygen saturation of the user.
[0012] With this structure, by the user wearing the PSG test
headgear, an electroencephalogram, an electrooculogram,
and an oxygen saturation can be acquired, and thus it becomes
possible to acquire an all-night polysomnogram (PSG) in
combination with measurement data from other measurement
apparatuses.

[0013] The PSG test headgear may further include a head-
band that the user wears on a head, the electroencephalogram
electrode may be provided at a predetermined position on the
head of the user by the headband, the electrooculogram elec-
trode may be provided at a temple of the user by the headband,
and the oxygen saturation sensor may be provided at a fore-
head of the user by the headband.

[0014] With this structure, by the user wearing the PSG test
headgear, the electroencephalogram electrode, the elec-
trooculogram electrode, and the oxygen saturation sensor can
be provided at appropriate positions.

[0015] The electroencephalogram electrode may be pro-
vided at electrode positions of F5, F,, C;, C,, Oy, and O,
defined by the International 10-20 system.

[0016] With this structure, by the user wearing the PSG test
headgear, the electroencephalogram electrode can be pro-
vided at a PSG test electrode position recommended by
American Academy of Sleep Medicine (AASM).

[0017] The PSG test headgear may further include a signal
processing unit that generates an all-night polysomnogram
from an acquired signal.

[0018] Withthis structure, an all-night polysomnogram can
be generated in the PSG test headgear, and thus a different
information processing apparatus for generating an all-night
polysomnogram becomes unnecessary.

[0019] To attain the object described above, according to an
embodiment of the present disclosure, there is provided a
PSG test apparatus including a PSG test headgear, a PSG test
chin-gear, and a PSG test chest-gear.

[0020] The PSG test headgear includes an electroencepha-
logram electrode that acquires an electroencephalogram of a
user, an electrooculogram electrode that acquires an elec-
trooculogram ofthe user, and an oxygen saturation sensor that
acquires an oxygen saturation of the user.

[0021] The PSG test chin-gear includes a chin electromyo-
gram electrode that acquires a chin electromyogram of the
user and an air current sensor that acquires naso-oral breath-
ing of the user.

[0022] The PSG test chest-gear includes an electrocardio-
gram sensor that acquires an electrocardiogram of the user
and a breathing exercise sensor that acquires a breathing
exercise of the user.

[0023] With this structure, by the user wearing the PSG test
apparatus, measurement values requisite for creating an all-
night polysomnogram can be acquired.

[0024] The PSG test headgear may further include a signal
processing unit that generates an all-night polysomnogram
from an acquired signal, and the PSG test chest-gear may
further include a chest transmission unit that wirelessly trans-
mits, to the signal processing unit, output signals of the elec-
trocardiogram sensor and the breathing exercise sensor.
[0025] With this structure, an all-night polysomnogram can
be generated in the PSG test headgear, and thus a different
information processing apparatus for generating an all-night
polysomnogram becomes unnecessary.
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[0026] ThePSGtest headgear may further include anexter-
nal transmission unit that wirelessly transmits, to an external
apparatus, the all-night polysomnogram generated by the sig-
nal processing unit.

[0027] With this structure, the PSG test chest-gear and the
PSG test headgear can be connected without hampering a
sleep of the user.

Effects of Invention

[0028] As described above, according to the present disclo-
sure, a PSG test apparatus suitable for home-monitoring can
be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0029] [FIG.1]A schematic diagram showing a structure of
a PSG test apparatus according to an embodiment of the
present disclosure.

[0030] [FIG. 2] A schematic diagram showing an arrange-
ment of an electroencephalogram electrode of the PSG test
apparatus.

[0031] [FIG. 3] A block diagram showing a functional
structure of the PSG test apparatus.

[0032] [FIG. 4] A schematic diagram showing an operation
of the PSG test apparatus.

[0033] [FIG. 5] A schematic diagram showing data formats
used in the PSG test apparatus.

DESCRIPTION OF EMBODIMENTS

[0034] A PSG test apparatus according to an embodiment
of the present disclosure will be described.

[Structure of PSG Test Apparatus]

[0035] FIG.1isaschematic diagram showing a structure of
a PSG test apparatus 1. As shown in the figure, the PSG test
apparatus 1 includes a headgear 2, a chin-gear 3, and a chest-
gear 4. The headgear 2 is worn by a user on a head, and the
chin-gear 3 is worn by the user at a chin (jaw portion). The
chest-gear 4 is worn by the user ata chest. The chin-gear 3 and
the chest-gear 4 are connected to the headgear 2 in a wired or
wireless manner.

[0036] As shown in FIG. 1, the headgear 2 includes a head-
band 21, a casing 22, an electroencephalogram electrode 23,
an electrooculogram electrode 24, an oxygen saturation sen-
sor 25, and a system reference electrode 26. The headband 21
can be worn by the user on the head, and the casing 22, the
electroencephalogram electrode 23, the electrooculogram
electrode 24, the oxygen saturation sensor 25, and the system
reference electrode 26 are supported by the headband 21.
[0037] The headband 21 may be a member having a shape
formed along the head of the user, for example, a plate-like
shape curved from the forehead to the back of the head of the
user and may be worn by the user on the head using its
elasticity. Alternatively, shapes other than that described
above may be used for the headband 21. It is favorable to use
a headband 21 that does not deviate due to the user moving
while sleeping.

[0038] The casing 22 is fixed to the headband 21 and incor-
porates therein a signal processing circuit and the like to be
described later. Although the shape of the casing 22 is not
particularly limited, a shape that does not hamper a sleep of
the user is favorable.

[0039] The electroencephalogram electrode 23 is an elec-
trode for acquiring an electroencephalogram (EEG) of the
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user. A plurality of electroencephalogram electrodes 23 may
be provided in correspondence with measurement positions
of the electroencephalogram. The electroencephalogram
electrode 23 may be formed of an elastic member impreg-
nated with an electrolyte solution and may also include a
structure electrically connectable to the head surface of the
user, for example. The electroencephalogram electrode 23
can be provided at a predetermined position by an arm
extending from the headband 21.

[0040] Theelectrode arrangement of the electroencephalo-
gram electrode 23 is not particularly limited, but the follow-
ing arrangement is favorable. F1G. 2 is a schematic diagram
showing the electrode arrangement of the electroencephalo-
gram electrode 23. In FIG. 2, an electrode arrangement
defined by the International 10-20 system, which is a standard
electrode arrangement for an electroencephalogram mea-
surement, is shown. In the figure, F, F,, C;,C,, O, and O,
surrounded by bold lines show a recommended electrode
arrangement for a PSG test recommended by American Acad-
emy of Sleep Medicine (AASM). Therefore, it is favorable for
the electroencephalogram electrodes 23 to be arranged at
such recommended positions. Moreover, reference electrodes
(M,, M,) can be provided at earlobes of the user.

[0041] The electrooculogram electrode 24 is an electrode
for acquiring an electrooculogram (EOG) of the user. The
electrooculogram electrode 24 may be formed of an elastic
member impregnated with an electrolyte solution and may be
located at a temple of the user, for example. The electroocu-
logram electrode 24 can be provided at the temple of the user
by the arm extending from the headband 21.

[0042] The oxygen saturation sensor 25 is a sensor for
acquiring a percutaneous oxygen saturation (SpO,). The oxy-
gen saturation sensor 25 includes a light-emitting unit that
irradiates light onto a skin and a light-receiving unit that
measures reflected light, and a structure that judges an oxygen
saturation from an absorbance difference of reflected light
based on an oxygen concentration can be used. The oxygen
saturation sensor 25 can be located at the forehead of the user
by the arm extending from the headband 21.

[0043] The system reference electrode 26 is an electrode
for acquiring a reference potential that is to be a reference for
the electroencephalogram electrode 23, the electrooculogram
electrode 24, and a chin electromyogram electrode 32 to be
described later. The system reference electrode 26 may be
formed of an elastic member impregnated with an electrolyte
solution and can be located at the forehead or the like of the
user, for example.

[0044] Theheadgear 2 has the structure as described above.
It should be noted that a transceiver unit or signal processing
unit to be accommodated in the casing 22 will be described
later.

[0045] The chin-gear 3 includes a support body 31, the chin
electromyogram electrode 32, and a current sensor 33. The
support body 31 can be worn by the user at the chin, and the
chin electromyogram electrode 32 and the current sensor 33
are supported by the support body 31. The chin-gear 3 can be
connected to the headgear 2 by a wiring.

[0046] The support body 31 may be a member having a
shape formed along a face line of the user, for example, a
shape formed from a lower earlobe portion of the user to a
lower earlobe portion on the other side via the chin and can be
worn by the user at the chin using its elasticity. Alternatively,
shapes other than that described above may be used for the
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support body 31. It is favorable to use a support body 31 that
does not deviate due to the user moving while sleeping.
[0047] The chin electromyogram electrode 32 is an elec-
trode for acquiring a chin electromyogram (EMG). The chin
electromyogram electrode 32 may be formed of an elastic
member impregnated with an electrolyte solution, for
example. The chin electromyogram electrode 32 can be incor-
porated into the support body 31 and provided at the chin of
the user.

[0048] The current sensor 33 is a sensor for acquiring a
naso-oral breathing flow of the user. The current sensor 33
may be a sensor that measures a differential pressure by an
expiration. The current sensor 33 can be located by an arm
extending between the nose and mouth of the user from the
support body 31.

[0049] The chin-gear 3 has the structure as described
above.
[0050] The chest-gear 4 includes a support body 41, an

electrocardiogram sensor 42, and a breathing exercise sensor
43. The support body 41 can be wom by the user at the chest,
and the electrocardiogram sensor 42 and the breathing exer-
cise sensor 43 are supported by the support body 41. The
chest-gear 4 can be connected to the headgear 2 in a wired or
wireless manner.

[0051] The support body 41 has a shape with which the user
can wear it at the chest and is fixed to the chest of the user by
a belt wound around a body of the user, for example. Alter-
natively, shapes other than that described above may be used
for the support body 41. It is favorable to use a support body
41 that does not deviate due to the user moving while sleep-
ing.

[0052] The electrocardiogram sensor 42 is a sensor for
acquiring an electrocardiogram (ECG) of the user. The elec-
trocardiogram sensor 42 may be formed of an elastic member
impregnated with an electrolyte solution and may also
include a structure electrically connectable to the chest of the
user, for example. The electrocardiogram sensor 42 may be
incorporated into the support body 41 and provided at the
chest of the user.

[0053] The breathing exercise sensor 43 is a sensor for
acquiring a breathing exercise of the user. As the breathing
exercise sensor 43, a sensor that measures an expansion and
contraction of the belt used for fixing the support body 41 to
the chest of the user, a sensor that measures an acceleration of
the support body 41, or the like can be used arbitrarily.
[0054] The chest-gear 4 has the structure as described
above.

[Functional Structure and Operation of PSG Test Apparatus]

[0055] The functional structure of the PSG test apparatus 1
will be described. FIG. 3 is a schematic diagram showing a
functional structure of the PSG test apparatus 1. FIG. 4 is a
schematic diagram showing an operation of the PSG test
apparatus 1.

[0056] AsshowninFIG. 3, accommodated in the casing 22
of the headgear 2 are a signal processing circuit 27, a CPU
(Central Processing Unit) 28, a recording apparatus 29, and
an external communication apparatus 30. The signal process-
ing circuit 27 is connected to the CPU 28, and the CPU 28 is
connected to the recording apparatus 29 and the external
communication apparatus 30.

[0057] The signal processing circuit 27 processes output
signals of the electroencephalogram electrode 23, the elec-
trooculogram electrode 24, and the chin electromyogram
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electrode 32. The signal processing circuit 27 includes ampli-
fiers 271 connected to the electrodes, filters 272 connected to
the amplifiers 271, and an ADC (Analog Digital Converter)
273 connected to the filters 272.

[0058] Outputs of the electroencephalogram electrode 23,
the electrooculogram electrode 24, and the chin electromyo-
gram electrode 32 are respectively input to the corresponding
amplifiers 271 and subjected to a differential amplification
with respect to the output of the system reference electrode
26. The outputs of the amplifiers 271 are input to the ADC 273
via the filters 272 and converted into digital signals. The
generated digital signals are output to the CPU 28. Outputs of
the oxygen saturation sensor 25 and the current sensor 33 are
also input to the CPU 28.

[0059] Outputs of the electrocardiogram sensor 42 and the
breathing exercise sensor 43 are transmitted to the CPU 28 by
a chest communication apparatus 44 incorporated into the
support body 41 of the chest-gear 4. The CPU 28 performs an
aggregation and formatting of the output signals of the elec-
trodes and sensors input as described above. The CPU 28
creates a recording format D1 and a communication format
D2 as follows.

[0060] FIG. 5shows an example of the recording format D1
and the communication format D2. The recording format D1
is constituted of a header that defines a data attribute and a
cluster size in a data unit and a data body. The communication
format D2 is constituted of aheader indicating ahead of a data
cluster and a data body.

[0061] The CPU 28 outputs the recording format D1 to the
recording apparatus 29 to be recorded and outputs the com-
munication format D2 to the external communication appa-
ratus 30 so that it is transmitted to an external apparatus (PC
etc.). As a result, recording or real-time viewing of an all-
night polysomnogram waveform becomes possible. In other
words, with only the PSG test apparatus 1, PSG tests of Type
1 (Standard Full PSG) and Type 2 (Comprehensive portable
PSG)defined by American Academy of Sleep Medicine
(AASM) become possible.

[0062] The present disclosure is not limited to the embodi-
ment described above and can be variously modified without
departing from the gist of the present disclosure.

[0063] It should be noted that the present disclosure can
also take the following structures.

[0064] (1) A PSG test headgear, including:

[0065] an electroencephalogram electrode that acquires
an electroencephalogram of a user;

[0066] an electrooculogram electrode that acquires an
electrooculogram of the user; and

0067] anoxygen saturation sensor that acquires an oxy-
yg q y
gen saturation of the user.

[0068] (2) The PSG test headgear according to (1) above,
further including

[0069]
[0070] in which the electroencephalogram electrode is

provided at a predetermined position on the head of the
user by the headband,

[0071] in which the electrooculogram electrode is pro-
vided at a temple of the user by the headband, and

[0072] inwhich the oxygen saturation sensor is provided
at a forehead of the user by the headband.

a headband that the user wears on a head,
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[0073] (3) The PSG test headgear according to (1) or (2)
above,
[0074] in which the electroencephalogram electrode is

provided at electrode positions of F5, F,,, C;, C,, O, and
0, defined by the International 10-20 system.
[0075] (4) The PSG test headgear according to any one of
(1) to (3), further including

[0076] asignal processing unit that generates an all-night

polysomnogram from an acquired signal.
[0077] (5) A PSG test apparatus, including;

[0078] aPSG test headgear including an electroencepha-
logram electrode that acquires an electroencephalogram
of auser, an electrooculogram electrode that acquires an
electrooculogram of the user, and an oxygen saturation
sensor that acquires an oxygen saturation of the user;

[0079] aPSGtest chin-gearincluding a chin electromyo-
gram electrode that acquires a chin electromyogram of
the user and an air current sensor that acquires naso-oral
breathing of the user; and

[0080] aPSG test chest-gear including an electrocardio-
gram sensor that acquires an electrocardiogram of the
user and a breathing exercise sensor that acquires a
breathing exercise of the user.

[0081] (6) The PSG test apparatus according to (5) above,

[0082] in which the PSG test headgear further includes a
signal processing unit that generates an all-night poly-
somnogram from an acquired signal, and

[0083] in which the PSG test chest-gear further includes
achest transmission unit that wirelessly transmits, to the
signal processing unit, output signals of the electrocar-
diogram sensor and the breathing exercise sensor.

[0084] (7) The PSG test apparatus according to (5) or (6)
above,
[0085] in which the PSG test headgear further includes

an external transmission unit that wirelessly transmits,
to an external apparatus, the all-night polysomnogram
generated by the signal processing unit.

REFERENCE SIGNS LIST
[0086] 1 PSG test apparatus
[0087] 2 headgear
[0088] 3 chin-gear
[0089] 4 chest-gear
[0090] 21 headband
[0091] 22 casing
[0092] 23 electroencephalogram electrode
[0093] 24 electrooculogram electrode
[0094] 25 oxygen saturation sensor
[0095] 27 signal processing circuit
[0096] 28 CPU
[0097] 29 recording apparatus
[0098] 30 external communication apparatus
[0099] 31 support body
[0100] 32 chin electromyogram electrode
[0101] 33 current sensor
[0102] 41 support body
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[0103] 42 electrocardiogram sensor
[0104] 43 breathing exercise sensor
[0105] 44 chest communication apparatus

1. A PSG test headgear, comprising:

an electroencephalogram electrode that acquires an elec-
troencephalogram of a user;

an electrooculogram electrode that acquires an electroocu-
logram of the user; and

an oxygen saturation sensor that acquires an oxygen satu-
ration of the user.

2. The PSG test headgear according to claim 1, further

comprising

a headband that the user wears on a head,

wherein the electroencephalogram electrode is provided at
a predetermined position on the head of the user by the
headband,

wherein the electrooculogram electrode is provided at a
temple of the user by the headband, and

wherein the oxygen saturation sensor is provided at a fore-
head of the user by the headband.

3. The PSG test headgear according to claim 1,

wherein the electroencephalogram electrode is provided at
electrode positions of F5, F,, C,, C,, O,, and O, defined
by the International 10-20 system.

4. The PSG test headgear according to claim 1, further

comprising

a signal processing unit that generates an all-night poly-
somnogram from an acquired signal.

5. A PSG test apparatus, comprising:

a PSG test headgear including an electroencephalogram
electrode that acquires an electroencephalogram of a
user, an electrooculogram electrode that acquires an
electrooculogram of the user, and an oxygen saturation
sensor that acquires an oxygen saturation of the user;

a PSG test chin-gear including a chin electromyogram
electrode that acquires a chin electromyogram of the
user and an air current sensor that acquires naso-oral
breathing of the user; and

a PSG test chest-gear including an electrocardiogram sen-
sor that acquires an electrocardiogram of the user and a
breathing exercise sensor that acquires a breathing exer-
cise of the user.

6. The PSG test apparatus according to claim 5,

wherein the PSG test headgear further includes a signal
processing unit that generates an all-night polysomno-
gram from an acquired signal, and

wherein the PSG test chest-gear further includes a chest
transmission unit that wirelessly transmits, to the signal
processing unit, output signals of the electrocardiogram
sensor and the breathing exercise sensor.

7. The PSG test apparatus according to claim 6,

wherein the PSG test headgear further includes an external
transmission unit that wirelessly transmits, to an exter-
nal apparatus, the all-night polysomnogram generated
by the signal processing unit.

I S T
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