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DETECTION DEVICE FOR PLACEMENT IN
CONTACT WITH THE EYE OF A USER

TECHNICAL FIELD

[0001] The present technology relates to a detection
device, a detection method, and a program. In particular, the
present technology relates to a detection device, a method,
and a program, each of which is capable of detecting
opening and closing of an eyelid of a user using a simpler
configuration.

CROSS REFERENCE TO RELATED
APPLICATIONS

[0002] This application claims the benefit of Japanese
Priority Patent Application JP 2014-125160 filed Jun. 18,
2014, the entire contents of which are incorporated herein by
reference.

BACKGROUND ART

[0003] In the related art, there is an existing display device
which may be mounted to a user, such as a head mounted
display or a contact lens type display device. In such a
display device, if the opening and closing of the eyelid of the
user is detected or the like, and it is determined whether the
user is in a conscious state or in a sleeping state, it is possible
to perform more appropriate drive control.

[0004] For example, separate from a video display unit
which is mounted on the underside of an eyelid, technology
in which a detection unit is provided on the surface of the
eyelid, and the opening and closing of the eyelid is detected
by the detection unit based on a weak electrical signal which
is generated by movement of the eyelid is proposed as the
technology for detecting the opening and closing of the
eyelid (for example, refer to PTL 1). In this technology, the
opening and closing of the eyelid of the user is detected from
a difference between an electrical signal which is generated
from muscles in a state in which the eyelid is open, and an
electrical signal which is generated from the muscles in a
state in which the eyelid is closed.

[0005] For example, technology in which the opening and
closing of the eyelid is detected by providing a light source
which irradiates an eye of the user with infrared light, and
a light reception unit which detects the infrared light that is
reflected from the eye is proposed (for example, refer to PTL
2). In this technology, when the eyelid of the user is open,
since the infrared light is reflected by the eyeball, which has
a smooth surface, a strong reflected light is obtained; how-
ever, when the eyelid is closed, since most of the infrared
light is absorbed by the skin of the eyelid, the reflected light
becomes weak, and this fact is used.

[0006] For example, there is also technology in which, by
providing a camera which captures the eye of the user and
analyzing an image of the eye that is captured by the camera,
the opening and closing of the eyelid is detected (for
example, refer to PTL 3). In this technology, when the eyelid
is open, the contrast difference between the white, the iris,
and the pupil of the eyeball is obtained, and, when the eyelid
is closed, the skin portion of the eyelid has little contrast, and
this fact is used to determine the opening and closing of the
eyelid of the user.
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CITATION LIST

Patent Literature

[0007] PTL 1: Japanese Unexamined Patent Application
Publication No. 2007-127716
[0008] PTL 2: Japanese Unexamined Patent Application
Publication No. H11-249064
[0009] PTL 3: Japanese Unexamined Patent Application
Publication No. 2003-076353

SUMMARY OF INVENTION

Technical Problem

[0010] However, it is difficult to detect the opening and
closing of the eyelid using a simple configuration in the
technologies described above.

[0011] For example, in the technology which detects the
opening and closing of the eyelid by using weak electrical
signals which are generated from the muscles, since a
detection unit has to be mounted on the surface of the eyelid
separately from the video display unit, the usability is
degraded. The electrical signal which is generated by the
muscles is weak, and it is difficult to detect the opening and
closing of the eyelid with high precision.

[0012] Even in the technology in which the light source
which radiates infrared light, and the light reception unit
which detects the infrared light that is reflected are provided,
an external detection device, which is separate from the
display device, is necessary, and the usability is degraded.
Similarly, even in the technology that analyzes an image of
an eye that is captured by a camera, an external device such
as a camera is necessary.

[0013] In particular, since the contact lens type display
device is mounted to the eyeball of the user and used
wirelessly, using an external device in the detection of the
opening and closing of the eyelid causes the user to carry or
to mount excessive equipment, and this is a burden. There-
fore, it is necessary to detect the opening and closing of the
eyelid using a simpler configuration.

[0014] It is desirable to detect the opening and closing of
an eyelid of a user using a simpler configuration.

Solution to Problem

[0015] Some embodiments relate to a device for place-
ment in contact with an eye of a user. The device includes
at least one detector configured to measure at least one
property, and a signal processor configured to determine,
based on the at least one property, whether the eye of the
user is closed.

[0016] Other embodiments are directed to a device for
placement in contact with an eye of a user, the device
including a temperature detector configured to detect a
temperature outside the device and/or a temperature of the
eye of the user.

Advantageous Effects of Invention

[0017] According to the embodiments of the present tech-
nology, it is possible to detect the opening and closing of an
eyelid of a user using a simpler configuration.

[0018] Note that, the effects described herein are not
limited, and may be any of the effects described in the
present disclosure.
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BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a diagram illustrating a configuration
example of an external appearance of a display device.
[0020] FIG. 2 is a diagram illustrating a configuration
example of the display device.

[0021] FIG. 3 is a diagram illustrating a configuration
example of a display region.

[0022] FIG. 4 is a diagram illustrating another configura-
tion example of the display region.

[0023] FIG. 5 is a diagram illustrating another configura-
tion example of the display region.

[0024] FIG. 6 is a diagram illustrating a functional con-
figuration example of the display device.

[0025] FIG. 7 is a diagram illustrating a pulse of a heart-
beat.
[0026] FIG. 8 is a diagram illustrating the relationship

between pulse rate and a sleeping state.

[0027] FIG. 9 is a diagram illustrating the relationship
between opening and closing of an eyelid and detected
pressure.

[0028] FIG. 10 is a diagram illustrating posture detection.
[0029] FIG. 11 is a diagram illustrating the relationship
between body temperature, external temperature, and sleep.
[0030] FIG. 12 is a diagram illustrating the relationship
between blinking and sleep.

[0031] FIG. 13 is a diagram illustrating the disposition of
tear detection units.

[0032] FIG. 14 is a diagram illustrating a tear component
and a transition of time.

[0033] FIG. 15 is a diagram illustrating an accumulated
tear component and the transition of time.

[0034] FIG. 16 is a flowchart illustrating a display drive
process.
[0035] FIG. 17 is a flowchart illustrating a display control

process with regard to a conscious state mode.

[0036] FIG. 18 is a flowchart illustrating a display control
process with regard to a sleeping state mode.

[0037] FIG. 19 is a diagram illustrating another configu-
ration example of the display device.

[0038] FIG. 20 is a diagram illustrating another functional
configuration example of the display device.

[0039] FIG. 21 is a diagram illustrating another configu-
ration example of the display device.

[0040] FIG. 22 is a diagram illustrating another configu-
ration example of the display device.

[0041] FIG. 23 is a diagram illustrating another configu-
ration example of the display device.

DESCRIPTION OF EMBODIMENTS

[0042] Hereinafter, description will be given of embodi-
ments to which the present technology is applied, with
reference to the drawings.

First Embodiment

[0043] <Configuration Example of Contact Lens Type
Display Device>

[0044] The present technology relates to a contact lens
type display device.

[0045] Since the contact lens type display device is
mounted to the eyeball of the user and used wirelessly, when
using the function of the display device, the user is capable
of operations such as walking around freely with the display
device still mounted. However, using external equipment
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suich as a camera or a detection device to perform a selection
motion operation of a cursor, a pointer, or the like in relation
to information in a displayed screen, determination of the
opening and closing of the eyelid of the user, determination
of whether or not the user is awake, or the like results in
burdening or restricting the user.

[0046] Therefore, in the present technology, by providing
a light receiving element in the proximity of display ele-
ments which display an image, a user interface for perform-
ing operations of a cursor, a pointer, or the like without an
external device other than the display device being neces-
sary can be realized.

[0047] In the contact lens type display device, light that is
emitted by the display elements and reflected on the surface
of the eyeball is detected by a light receiving element. In this
case, the reflected light is detected at the white or the iris of
the surface of the eyeball. Conversely, in the pupil, since the
light is transmitted into the eyeball, there is little reflected
light. Therefore, a portion at which the reflected light is
weak is detected as the pupil, and a line of sight is detected
from the motion of the detected pupil.

[0048] Therefore, since it becomes possible to specify the
direction in which the eyeball is facing, it becomes possible
to provide a user interface for performing operations of a
cursor, a pointer, or the like without using an external device,
and it is possible to improve the usability of the display
device with a simple configuration.

[0049] In the present technology, by providing a light
receiving element, a pressure sensor. a temperature sensor,
and the like inside the display device, it is possible to
determine (detect) the opening and closing of the eyelid of
the user based on the output of these elements and sensors.
[0050] For example, it is possible to determine the open-
ing and closing of the eyelid without requiring an external
device other than the display device by detecting whether
light from the outside is received by the light receiving
element, or by detecting whether light that is emitted from
the display device toward the outside is reflected on the
underside of the eyelid of the user. Furthermore, for
example, it is also possible to detect the opening and closing
of the eyelid without using an external device other than the
display device by detecting the pressure applied to the
display device by the eyelid or the like of the user.

[0051] 1Inthe present technology, it is possible to detect the
opening and closing of the eyelid of the user at high
precision using a simpler configuration, without providing
an external device other than the display device. As a result,
it is possible to improve the usability of the display device.
[0052] Next, description will be given of specific embodi-
ments of a contact lens type display device to which the
present technology is applied.

[0053] The contact lens type display device is mounted on
an eyeball of a user as illustrated in FIG. 1.

[0054] In FIG. 1, a contact lens type display device 11 is
mounted to a surface of an eyeball EY11 of a user. The
contact lens type display device 11 is formed in a shape
capable of being mounted to and removed from the eyeball
EY11 of the user, as with a so-called contact lens.

[0055] Such adisplay device 11 is configured as illustrated
in FIG. 2, for example.

[0056] In other words, the display device 11 includes a
display region 21, an electrical supply antenna 22, a signal
antenna 23, an electrical generation unit 24, a posture
detection unit 25, a tear detection unit 26-1, a tear detection
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unit 26-2, a tear detection unit 26-3, a signal processing unit
27, and a display element drive unit 28.

[0057] Note that, FIG. 2 is a diagram of the display device
11 as seen from the left toward the right in FIG. 1, that is,
is a diagram of the user to which the display device 11 is
mounted as seen from the front, and the display device 11 is
a circular shape in FIG. 2.

[0058] The display region 21 includes a display element
formed of a plurality of display pixels which display infor-
mation such as an image or characters to be presented to the
user, and a light receiving element for line of sight detection,
which is disposed adjacent to the display element and
receives the light that is reflected on the surface of the
eyeball of the user. Furthermore, the display region 21
includes a light emitting element and a light receiving
element for detecting the opening and closing of the eyelid
of the user.

[0059] The electrical supply antenna 22 is provided so as
to surround the display region 21, and receives induced
electrical power caused by a magnetic field or an electrical
field supplied from outside. The signal antenna 23 transmits
information that is supplied from the signal processing unit
27 such as the result of performing a user interface operation
based on the line of sight of the user to the outside, receives
the information that is transmitted thereto from the outside
such as information to be displayed on the display pixels,
and supplies the received information to the signal process-
ing unit 27.

[0060] The electrical generation unit 24 obtains and accu-
mulates power by rectifying an induced current that is
generated by the electrical supply antenna 22 due to elec-
tromagnetic induction caused by an electrical field from
outside, and supplies the power to each part of the display
device 11. Note that, when the electrical generation unit 24
performs electrical generation itself using a predetermined
method, or when the electrical generation unit 24 includes a
rechargeable battery, the display device 11 may not be
provided with the electrical supply antenna 22.

[0061] The posture detection unit 25 is formed of an
electronic gyroscope, an accelerometer, and the like, detects
the posture and the movement of the user to which the
display device 11 is mounted, and supplies the detection
result to the signal processing unit 27. For example, the
movement of the head of the user and the posture of the user
are detected by the posture detection unit 25.

[0062] The tear detection unit 26-1 to the tear detection
unit 26-3 sample tears which are excreted from the user, and
performs measurement of a tear excretion amount and
component analysis of the tears that are obtained. Note that,
hereinafter, when it is not particularly necessary to distin-
guish the tear detection unit 26-1 to the tear detection unit
26-3, they will be referred to simply as the tear detection unit
26.

[0063] The signal processing unit 27 controls the entire
display device 11. For example, the signal processing unit 27
detects the line of sight of the user by detecting the differ-
ence (the difference) in the amount of light received by the
light receiving element disposed in each region of the
display device 11 based on the signals that are supplied from
the light receiving element for line of sight detection of the
display region 21. For example, the signal processing unit 27
detects the opening and closing of the eyelid of the user
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based on the signal which is supplied from the light receiv-
ing element for eyelid open-close detection of the display
region 21.

[0064] The signal processing unit 27 controls the display
element drive unit 28 based on the detection result that is
supplied from the posture detection unit 25, the detection
result of the line of sight, the information that is received by
the signal antenna 23, and the like, and causes the display
region 21 to display an image or the like.

[0065] Specifically, for example, when the display device
11 is rotated in relation to the eyeball of the user, it is
possible to detect the rotation direction and the rotation
amount in the posture detection unit 25. Therefore, the signal
processing unit 27 controls the display element drive unit 28
and causes the image that is being displayed on the display
region 21 to rotate by the rotation amount of the display
device 11 in the opposite direction from the rotation direc-
tion of the display device 11, which is supplied from the
posture detection unit 25, in relation to the eyeball. Accord-
ingly, even if the display device 11 rotates on the eyeball of
the user, the rotation of the image which occurs as a result
is corrected, and it is possible to provide the image to the
user in an easily viewable manner.

[0066] The display element drive unit 28 drives the dis-
play element of the display region 21 according to the
control of the signal processing unit 27 and causes the image
to be displayed, and causes the light emitting element of the
display element drive unit 21 to emit light according to the
control of the signal processing unit 27.

[0067] Note that, hereinafter, the signal that is output from
the light receiving element of the display region 21 and
corresponds to the amount of light received by the light
receiving element will be referred to as the received light
signal.

[0068] The display region 21 of the display device 11 is
configured as illustrated in FIG. 3, for example. Note that,
FIG. 3 illustrates a portion of a cross section of the display
device 11, when the display device 11 is viewed from the
depth direction in FIG. 1.

[0069] In FIG. 3, display pixel 51-1 to display pixel 51-5
which display information such as an image, and light
receiving element 52-1 to light receiving element 52-5 for
line of sight detection, which receive the light that is
reflected from the surface of the eyeball of the user are
provided in the display region 21 of the display device 11.
[0070] Light emitting element 53-1 and light emitting
element 53-2 for eyelid open-close detection, and light
receiving element 54-1 and light receiving element 54-2 for
eyelid open-close detection are provided in the display
region 21. The light emitting elements 53-1 and 53-2 emit
light toward the outside. and the light receiving elements
54-1 and 54-2 receive light that is incident thereto from the
outside.

[0071] A single display device formed of the display pixel
51-1 to the display pixel 51-5 is a display element 55.
[0072] Note that, hereinafter, when it is not particularly
necessary to distinguish the display pixel 51-1 to the display
pixel 51-5, they will be referred to simply as the display
pixel 51. Hereinafter, when it is not particularly necessary to
distinguish the light receiving element 52-1 to the light
receiving element 52-5, they will be referred to simply as the
light receiving element 52.

[0073] Furthermore, hereinafter, when it is not particularly
necessary to distinguish the light emitting element 53-1 and
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the light emitting element 53-2, they will be referred to
simply as the light emitting element 53, and when it is not
particularly necessary to distinguish the light receiving
element 54-1 and the light receiving element 54-2, they will
be referred to simply as the light receiving element 54.
[0074] The display element 55 is configured of a liquid
crystal display element, an organic electroluminescence
(OLED (Organic Light Emitting Diode)) display element, or
the like. In the example of FIG. 3, the display pixels 51 and
the light receiving elements 52 are lined up alternately in the
vertical direction on the right side in the drawing of the
display device 11, that is, the side of the eyeball of the user,
and the light emitting elements 53 and the light receiving
elements 54 are disposed partially between the elements.
[0075] Therefore, for example, in FIG. 2, the display
pixels 51 and the light receiving elements 52 are disposed to
be lined up alternately in the vertical direction and the
horizontal direction in the display region 21, and the light
emitting element 53 and the light receiving element 54 are
disposed in portions of the region.

[0076] A lubrication layer 56 is provided on the left side
in the drawing of the display pixels 51 and the light
receiving elements 52 in the display device 11, that is, on the
outside of the display device 11. The lubrication layer 56 is
formed of a transparent synthetic resin or the like, for
example, and when the user mounts the display device 11 to
the eye, the eyelid of the user is capable of moving smoothly
due to the lubrication layer 56.

[0077] Note that, in FIG. 3, description is given of an
example in which the display pixels 51 and the light receiv-
ing elements 52 are in close contact with the light emitting
elements 53 and the light receiving elements 54; however, it
is not necessary for the elements to be in close contact, and
gaps may be provided between the display pixels 51 and the
light receiving elements 52 or the like. In FIG. 3, one light
receiving element 52 is provided for one display pixel 51;
however, one light receiving element 52 may be provided for
a plurality of display pixels 51.

[0078] Here, description will be given of the detection of
the line of sight of the user, and the detection of the opening
and closing of the eyelid of the user.

[0079] First, description will be given of the detection of
the line of sight of the user.

[0080] For example, light is output from the display pixels
51 toward the right side in FIG. 3, that is, the eyeball side.
Of the light that is output from the display pixels 51, the light
that is incident on the opaque portion such as the white and
the iris of the eyeball EY11 illustrated in FIG. 1 is absorbed
and reflected by the surface of the eyeball EY11.

[0081] Therefore, in regions opposing the white, the iris,
and the like in the display region 21, a portion of the light
that is output from the display pixels 51 is reflected by the
surface of the eyeball EY11 and received (detected) by the
light receiving elements 52.

[0082] Conversely, since the pupil portion in the eyeball
EY11 is transparent, of the light that is output from the
display pixels 51, the light that is incident on the pupil is not
substantially reflected by the pupil, reaches the retina in the
eyeball EY11, and is absorbed by the retina. Therefore, in
regions opposing the pupil in the display region 21, the light
that is output from the display pixels 51 is not substantially
detected by the receiving elements 52.

[0083] In this manner, by detecting the difference (differ-
ence) in the amount of light from the display pixels 51 that
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is detected by each of the light receiving elements 52, it is
possible to determine the direction of the eyeball EY11
which indicates the direction in which the eyeball EY11 (the
pupil) is facing, that is, to determine the direction of the line
of sight of the user. In particular, if the direction of the line
of sight of the user can be determined at each time, the
movement of the eyeball, that is, the movement of the line
of sight can be detected, and it is possible to estimate the
mental state and emotions of the user from the movement of
the line of sight.

[0084] Next, description will be given of the opening and
closing of the eyelid of the user.

[0085] The light emitting elements 53 output light toward
the left side in FIG. 3, that is, toward the outside.

[0086] At this time, for example, if the user is in a state of
closing the eyelid, the light that is output from the light
emitting elements 53 is reflected by the underside of the
eyelid of the user, is incident on the light receiving elements
54 that are positioned in the proximity of the light emitting
elements 53, and is received by the light receiving elements
54.

[0087] Meanwhile, when light is output from the light
emitting elements 53, if the user is in a state of opening the
eyelid, the light that is output from the light emitting
elements 53 proceeds as it is to the outside. Therefore, the
light that is output from the light emitting elements 53 in this
state is not incident on the light receiving elements 54. In
other words, in the light receiving elements 54, the light
from the light emitting elements 53 is not detected.

[0088] In this manner, by detecting the change (the dif-
ference) in the amount of light from the light emitting
elements 53 that is received by the light receiving elements
54 at each time, it is possible to determine (detect) whether
eyelid of the user is open or closed. It is possible to use the
determination result of the opening and closing of the eyelid
that is obtained in this manner in the determination of
whether the user is in a conscious state or a sleeping state,
and in the drive control of the display device 11.

[0089] When detecting the opening and closing of the
eyelid of the user, if the light emitting elements 53 are
caused to emit light in a specific light emission pattern, that
is, if signals of specific waveforms are superposed, it is
possible to easily separate the light from the outside and the
light from the light emitting elements 53.

[0090] Note that, the disposition of the light receiving
element 54 that detects the light that is output from the light
emitting element 53 and reflected by the underside of the
eyelid of the user, may be a position approximately several
pixels from the light emitting elements 53, that is, a position
approaching a distance worth approximately several display
pixels 51. The light receiving element 54 may be provided
to be adjacent to the light emitting element 53; however,
when the distance between the light emitting element 53 and
the light receiving element 54 is excessively close, there is
a case in which the light that is output from the light emitting
element 53 is incident on the light receiving element 54.
Therefore, it is preferable for the light receiving element 54
to be disposed in a position that is distanced one or more
pixels from the light emitting element 53.

[0091] Here, the light emitting elements 53 and the light
receiving elements 54 for eyelid open-close detection are
provided separately from the display pixels 51 and the light
receiving elements 52 that are used in the line of sight
detection; however, a portion of the display pixels 51 and the
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light receiving elements 52 may be used for eyelid open-
close detection. In such a case, the display pixels 51 which
are also used for eyelid open-close detection are configured
to emit light toward both the outside and the eyeball side.
The light receiving elements 52 which are also used for
eyelid open-close detection are configured to receive the
light that is incident from the outside in addition to the light
that is incident from the eyeball side.

[0092] As the elements for eyelid open-close detection,
only the light receiving elements 54 may be provided,
without providing the light emitting elements 53. In such a
case, the open-close determination of the eyelid is performed
based on a received light signal that is obtained by the light
receiving elements 54 receiving light from the outside.
[0093] In other words, when the eyelid of the user is open,
much light is incident on the light receiving elements 54
from the outside; however, when the eyelid of the user is
closed, light is not substantially incident on the light receiv-
ing elements 54 from the outside. Therefore, even ifthe light
emitting elements 53 are not particularly provided, it is
possible to determine the opening and closing of the eyelid
of the user based on the received light signals that are output
from the light receiving elements 54.

[0094] Note that, the open-close determination of the
eyelid of the user may be performed based on only the
received light signals that are output from the light receiving
elements 54, and may be performed based on the output of
other sensors or the like.

[0095] In FIG. 3, description is given of an example in
which the display pixels 51 and the light receiving elements
52 are provided in the display region 21 in close contact with
each other; however, transmission regions which transmit
environmental light from the outside may be provided in the
display region 21.

[0096] In such a case, the display region 21 is configured
as illustrated in FIG. 4, for example. Note that, the vertical
direction and the horizontal direction in FIG. 4 correspond
to the vertical direction and the horizontal direction in FIG.
2, for example. In FIG. 4, one square region represents a
display pixel 51, a light receiving element 52, a light
emitting element 53, a light receiving element 54, or a
transmission region.

[0097] Specifically, a black square represents the region of
one display pixel 51, and a square that is hatched with
oblique lines represents the region of one light receiving
element 52. A square that is hatched with vertical lines
represents one light emitting element 53, a square that is
hatched with horizontal lines represents one light receiving
element 54, and a white square represents a transmission
region.

[0098] Here, the transmission region is a region with a
light transmittance (transparency) greater than the display
pixel 51, the light receiving element 52, the light emitting
element 53, and the light receiving element 54.

[0099] Inthis example, pairs of the light emitting elements
53 and the light receiving elements 54 are disposed dis-
cretely in the display region 21, and comparatively many
transmission regions are provided overall.

[0100] By providing the transmission regions which trans-
mit the light (environmental light) from the outside in the
periphery of each of the display pixels 51, the user can view
the surroundings even when the display device 11 is
mounted.
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[0101] The configuration is not limited to the example
illustrated in FIG. 4, and, for example, the display pixels 51,
the light receiving elements 52, and the like may be disposed
as illustrated in FIG. 5.

[0102] EveninFIG. 5, a black square represents the region
of one display pixel 51, and a square that is hatched with
oblique lines represents the region of one light receiving
element 52. A square that is hatched with vertical lines
represents one light emitting element 53, a square that is
hatched with horizontal lines represents one light receiving
element 54, and a white square represents a transmission
region.

[0103] In the example of FIG. 5, the number of the light
receiving elements 52 that are provided in the display region
21 is less than the number of the display pixels 51 that are
provided in the display region 21, and more of the trans-
mission regions are provided corresponding to this amount.
Therefore, in this example, it is possible to increase the
amount of light (environmental light) from the outside of the
display device 11 that is transmitted by the display region
21, and the user can view the surroundings in a brighter
manner in comparison to the example illustrated in FIG. 4.

[0104] <Functional Configuration Example of Display
Device>
[0105] Next, description will be given of a functional

configuration example of the display device 11 that is
described above.

[0106] The functional configuration of the display device
11 is configured as illustrated in FIG. 6, for example. Note
that, in FIG. 6, portions corresponding to those of the cases
in FIG. 2 or 3 are assigned the same reference numerals, and
description thereof will be omitted as appropriate.

[0107] The display device 11 illustrated in FIG. 6 includes
the display region 21, the electrical supply antenna 22, the
signal antenna 23, the electrical generation unit 24, the
posture detection unit 25, the tear detection unit 26, the
signal processing unit 27, the display element drive unit 28,
a pressure detection unit 81, a temperature detection unit 82,
and a recording unit 83.

[0108] The display pixels 51, the light receiving elements
52, the light emitting elements 53, and the light receiving
elements 54 are provided in the display region 21. The signal
processing unit 27 includes an open-close determination unit
91, a usage state determination unit 92, and a drive control
unit 93.

[0109] The pressure detection unit 81 is formed of a
pressure sensor or the like, detects a pressure that is applied
to the display device 11, and outputs a detection result. The
output from the pressure detection unit 81 is used in the
open-close determination of the eyelid or the like, for
example.

[0110] The temperature detection unit 82 is formed of a
plurality of temperature sensors, measures the temperature
of the surface of the eyeball of the user, the temperature of
the eyelid of the user, or the external temperature, and
outputs a measurement result. The output of the temperature
detection unit 82 is used in the determination of the body
temperature of the user or the usage state of the user, the
open-close determination of the eyelid, and the like.
[0111] Here, the usage state of the user refers to either a
state in which the user is conscious or a state in which the
user is sleeping. Therefore, in usage state determination, the
state of the user is determined to be either the conscious state
or the sleeping state.
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[0112] The recording unit 83 is formed of non-volatile
memoty, for example, and records data that is supplied from
the signal processing unit 27, supplies the recorded data to
the signal processing unit 27, and the like.

[0113] In the display device 11, the outputs of the light
receiving element 52, the light receiving element 54, the
pressure detection unit 81 the posture detection unit 25, the
tear detection unit 26, and the temperature detection unit 82
are supplied to the signal processing unit 27. In the display
device 11, the recording unit 83, the signal antenna 23, the
electrical supply antenna 22, and the electrical generation
unit 24 are also connected to the signal processing unit 27.
[0114] The open-close determination unit 91 of the signal
processing unit 27 performs the open-close determination of
the eyelid of the user using at least one of the output of the
light receiving element 54, the output of the pressure detec-
tion unit 81, or the output of the temperature detection unit
82. The usage state determination unit 92 determines the
usage state of the user using the output of at least one of the
light receiving element 52, the light receiving element 54,
the pressure detection unit 81, the posture detection unit 25,
the tear detection unit 26, or the temperature detection unit
82.

[0115] The drive control unit 93 controls the driving of
each part of the display device 11, such as the display
element drive unit 28, the signal antenna 23, and the
electrical generation unit 24.

[0116] <Light Receiving Flement for Line of Sight Detec-
tior>
[0117] Next, more detailed description will be given of

each part of the display device 11.

[0118] First, description will be given of the light receiv-
ing element 52 for line of sight detection.

[0119] The received light signal that is output from the
light receiving element 52 can be used in the detection of
living body information of the user, more specifically, detec-
tion of pulse information, in addition to the detection of the
line of sight direction of the user described above.

[0120] For example, in the display device 11, the display
pixel 51 outputs light of a predetermined wavelength, and
the light receiving element 52 receives the reflected light
which is generated by the reflection of the light on the
surface of the eyeball. The signal processing unit 27 detects
the pulse of the heartbeat of the user to which the display
device 11 is mounted, based on the value of the received
light signal that is supplied from the light receiving element
52.

[0121] For example, the pulse of the heartbeat occurs
periodically as illustrated in FIG. 7, the time of a pulse is
short in relation to the period, and blood flow is generated
at the timing of the pulse. Note that, in FIG. 7, the horizontal
axis illustrates time, and the vertical axis illustrates the value
of the received light signal, that is, the amount of blood flow.
[0122] In FIG. 7, the portions at which the blood flow
amount changes sharply are pulse portions, and it can be
understood that the pulse occurs periodically.

[0123] Since the amount of blood flowing in capillary
vessels increases at the timing at which the blood flow is
great in a pulse, it becomes possible to detect the pulse from
the presence or absence of the blood flow. There are capil-
lary vessels in the eyeball, and there is a blood flow that
matches the pulse of a heartbeat.

[0124] The light absorption spectral characteristics differ
between oxyhemoglobin and deoxyhemoglobin, which are
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components in the blood, on the side of shorter wavelengths
than 805 nm, the absorption coefficient of deoxyhemoglobin
is higher, and on the side of longer wavelengths than 805
nm, the absorption coefficient of oxyhemoglobin is higher.
[0125] Therefore, the signal processing unit 27 controls
the display element drive unit 28, causing light of a prede-
termined wavelength of a wavelength shorter than 805 nm,
and light of a predetermined wavelength of a wavelength
longer than 805 nm to be output from the display pixel 51
in order (alternately). The signal processing unit 27 causes
the light receiving element 52 to receive the light that is
output from the display pixel 51 and reflected by the surface
of the eyeball. Here, the light of a shorter wavelength than
805 nm may be visible light.

[0126] Note that, the light of a predetermined wavelength
of a wavelength shorter than 805 nm, and the light of a
predetermined wavelength of a wavelength longer than 805
nm may be caused to be output from alternately differing
proximal display pixels 51 at the same time. In such a case,
the signal processing unit 27 causes the light receiving
elements 52 adjacent to the display pixels 51 to receive the
light that is output from the display pixels 51 and reflected
by the surface of the eyeball. At this time, for example, it is
necessary to determine the disposition of the display pixels
51 that output the light of alternately differing wavelengths
of light, or the disposition of the light receiving elements 52,
as appropriate, such that the light receiving element 52
which receive the light of a predetermined wavelength
output from the display pixel 51 does not receive the light of
another wavelength differing from the predetermined wave-
length output from the display pixel 51.

[0127] The signal processing unit 27 determines which
component of the oxyhemoglobin and the deoxyhemoglobin
is more greatly contained in the blood by obtaining the
difference between a value of the received light signal that
is obtained when the light of the short wavelength is output,
and a value of the received light signal that is obtained when
the light of the long wavelength is output. Furthermore, the
signal processing unit 27 detects the blood flow (the change
in the amount of blood flow) based on the specified result
that is obtained from the difference between the received
light signals, and the change in the value of the received light
signals of each time in a predetermined period, that is, based
on the fluctuation with time of the intensity of the reflected
light that is received by the light receiving elements 52, and
obtains the pulse from the detection result of the blood flow.
[0128] The hemoglobin in the blood has a strong absorp-
tion spectrum to light in a predetermined waveband, and the
light that is reflected by the blood (the blood vessels) when
the blood is irradiated with light of the predetermined
waveband changes according to the amount of hemoglobin,
which changes according to the capacity fluctuation of the
blood vessels. Therefore, it is possible to detect the amount
of blood flow from the intensity of the reflected light of the
light with which the surface of the eyeball (the capillary
vessels) is irradiated.

[0129] The signal processing unit 27 supplies pulse infor-
mation indicating the pulse that is obtained in this manner,
and blood flow information indicating the amount of blood
flow to the recording unit 83, as necessary, and causes the
recording unit 83 to record the pulse information and the
blood flow information.

[0130] The signal processing unit 27 counts the pulse rate
of a user for the duration of one minute from the pulse
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information and the blood flow information, supplies the
pulse rate for each time to the recording unit 83 and causes
the recording unit 83 to record the pulse rate, in a one day
cycle.

[0131] The usage state determination unit 92 performs the
determination of the usage state of the user based on the
pulse rate, the pulse information, the blood flow information
and the like.

[0132] Ordinarily, a person has a higher pulse rate when in
the conscious state than in the sleeping state, that is, when
the person is active. Therefore, as illustrated in FIG. 8, for
example, the usage state determination unit 92 performs the
determination of whether the user is in the conscious state or
in the sleeping state based on the pulse rate that is obtained
from the received light signals supplied from the light
receiving elements 52.

[0133] InFIG. 8, the horizontal axis illustrates time (time),
and the vertical axis illustrates the pulse rate at each time. In
this example, a curve C11 illustrates the pulse rate at each
time the pulse rate of the user is measured. In the example
illustrated by the curve C11, ordinarily, it can be understood
that in a period from 0:00 to 06:00, which is the time during
which a person is sleeping, and approaching 24:00, the pulse
rate is lower than at other times.

[0134] When the per-minute pulse rate of the present time,
for example, is a value in a range between 60 and 80, that
is, is a value within a range RG11 of the pulse rate in FIG.
8, the usage state determination unit 92 determines that the
user is presently in the sleeping state. Meanwhile, when the
pulse rate is a value outside of the range RG11, the usage
state determination unit 92 determines that the user is
presently in the conscious state.

[0135] Note that, the range RG11 that is used in the
determination of the usage state can be determined based on
the actual pulse rate of the user.

[0136] Forexample, when the user first mounts the display
device 11 or the like, the range RG11 may be determined
from the measurement results by encouraging the user to
input the fact that the user will enter the sleeping state from
this point, and measuring the pulse rate of the time during
which the use is actually in the sleeping state. The recording
unit 83 is caused to record the range RG11, for example.
[0137] Here, the input of the intent of the user to enter the
sleeping state may be performed by, for example, the display
device 11 displaying guidance on the display region 21, and
the user performing voice input or the like using a voice
recognition unit (not shown) of the display device 11 before
actually sleeping, according to the guidance.

[0138] In addition to a sound characteristic recognition
function, the fact that the user will enter the sleeping state
may be input by the user blinking in an arbitrary pattern, the
user performing an action of tilting the head or an action of
shaking the head left and right, or by the user tapping the
head and using the vibration.

[0139] Furthermore, the actual pulse rate of the user
during sleep may be acquired for a fixed period such as
approximately one week, and the range RG11 may be
determined from the pulse rate that is measured during that
period. A default range may be determined by managing and
analyzing the data of the measured pulse rate on a cloud
server, and it may be possible to use straight away even
without guidance by updating the range. In addition, the data
of the pulse rate for which the default range is updated every
day may be corrected and recorded in the recording unit 83.
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[0140] Here, it is explained that the usage state of the user
is determined based on the pulse rate; however, the usage
state may be determined based on the blood flow informa-
tion that is obtained from the received light signals supplied
from the light receiving elements 52, that is, the amount of
blood flow.

[0141] <Light Receiving Element for Eyelid Open-Close
Detection>
[0142] Next, description will be given of the light receiv-

ing element 54 for eyelid open-close detection.

[0143] As described above, the light receiving element 54
receives the light that is output from the light emitting
element 53 and reflected by the underside of the eyelid of the
user, and outputs a received light signal according to the
amount of light that is received to the signal processing unit
27. Therefore, the open-close determination unit 91 can
perform the open-close determination of the eyelid of the
user based on the amount of received light of the received
light signal that is supplied from the light receiving element
54. If the result of the open-close determination is used, it is
also possible to determine the time for which the user is
closing the eyelid (hereinafter, also referred to as the closed-
eyelid time).

[0144] Note that, since the light from the outside is also
received by the light receiving element 54 when the eyelid
of the user is open, it is desirable to cause light of a specific
wavelength band to be output from the light emitting ele-
ment 53, and to detect the amount of received light of the
wavelength band using the light receiving element 54 in
order to distinguish between the light from the outside and
the light from the light emitting element 53.

[0145] When the light emitting elements 53 are caused to
emit light in a specific light emission pattern in order to
distinguish between the light from the outside and the light
from the light emitting elements 53, as described above, it is
possible to discover whether or not the light from the light
emitting elements 53 is detected according to whether or not
the amplitude of the received light signals that are output
from the light receiving elements 54 varies corresponding to
the light emission pattern.

[0146] For example, if the light emitting elements 53 are
caused to flash in a specific light emission pattern, it is
possible to obtain the amount of light received from the light
emitting elements 53 from the difference between the value
of the received light signal when the light emitting elements
53 are not lit and the value of the received light signal when
the light emitting elements 53 are lit. Accordingly, it is
possible to perform the open-close determination of the
eyelid of the user with higher precision.

[0147] When the eyelid of the user is closed, it is possible
to detect the pulse information and the amount of blood flow
of the user in the same manner as in the case regarding the
light receiving element 52, even if the received light signals
that are output from the light receiving elements 54 are used.
In this case, the light that is output from the light emitting
elements 53 is reflected by the underside of the eyelid of the
user, and is received by the light receiving elements 54. The
amount of blood flow flowing through the capillary vessels
in the underside of the eyelid of the user is detected.
[0148] Therefore, the usage state determination unit 92
can determine the usage state of the user based on the blood
flow information and the pulse information that is obtained
according to the received light signals that are output from
the light receiving elements 54.
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[0149] <Pressure Detection Unit>

[0150] The pressure detection unit 81 detects a pressure
that is applied to the display device 11, and outputs the
detection result to the signal processing unit 27.

[0151] Therefore, for example, when the eyelid of the user
is closed while the display device 11 is mounted to the user,
the pressure indicated by the signal that is output from the
pressure detection unit 81 becomes comparatively great.
Conversely, when the eyelid of the user is open while the
display device 11 is mounted to the user, the pressure that is
output from the pressure detection unit 81 becomes smaller
than when the eyelid is closed.

[0152] Therefore, when display device 11 is mounted to
the user all day long, the measurement results illustrated in
FIG. 9, for example, are obtained as the measurement results
of the pressure to the display device 11 at each time.
[0153] Note that, in FIG. 9, the horizontal axis illustrates
time (time), and the vertical axis illustrates the pressure to
the display device 11 that is detected by the pressure
detection unit 81 at each time. In this example, a polygonal
curve C21 illustrates the pressure that is applied to the
display device 11 that is measured at each time in relation to
the user.

[0154] 1In the example illustrated by the polygonal curve
C21, ordinarily, it can be understood that in a period from
0:00 to 06:00, which is the time during which a person is
sleeping, and approaching 24:00, a pressure that is high to a
certain degree is continuously applied to the display device
11. This is because the eyelid is closed when the user is
sleeping, and a substantially fixed pressure is applied to the
display device 11 by the eyelid.

[0155] Conversely, when the user is active, that is, in a
period from 06:00 until 21:00, since the eyelid is open in a
state in which the display device 11 is mounted to the user,
the pressure that is detected by the pressure detection unit 81
at most times becomes lower. However, since blinking is
performed even while the user is active, even in this time
period, a time exists at which the pressure that is detected by
the pressure detection unit 81 increases for only a short time.
[0156] The signal processing unit 27 which receives the
supply of the detection (measurement) results of the pressure
from the pressure detection unit 81 supplies the information
indicating the supplied pressure to the recording unit 83 and
causes the recording unit 83 to record the information,
performs the open-close determination of the eyelid based
on the information indicating the supplied pressure, and the
like.

[0157] For example, the open-close determination unit 91
of the signal processing unit 27 calculates the average value
of the pressure of a comparatively short time such as the
average value of the pressure that is obtained by several
proximal measurements based on the pressure indicated by
a signal that is supplied from the pressure detection unit 81,
and sets the obtained average value as the pressure to the
display device 11 at the present time. When the calculated
pressure is greater than or equal to a predetermined thresh-
old, the open-close determination unit 91 determines that the
eyelid of the user is closed.

[0158] Note that, in the same manner as the range RG11
of the pulse rate used in the usage state determination
described above, the threshold that is used in the open-close
determination of the eyelid using the pressure by the eyelid
may also be calculated based on the pressure that is mea-
sured according to guidance.
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[0159] Since there are blood vessels on the underside of
the eyelid of the user which contact the pressure sensor that
serves as the pressure detection unit 81, if the eyelid of the
user is in the closed state, it is possible to obtain the pulse
information of the user based on the pressure indicated by
the signal that is output from the pressure detection unit 81.
For example, the calculation of the pulse information when
the open-close determination unit 91 determines that the
eyelid is closed is performed based on the pressure that is
measured by the pressure detection unit 81.

[0160] The usage state determination unit 92 performs the
determination of the usage state based on the pulse infor-
mation that is obtained by the pressure measurement in the
pressure detection unit 81. Specifically. for example, in the
same manner as the case in the example of FIG. 8, the usage
state determination unit 92 determines whether the user is in
the conscious state or in the sleeping state by comparing the
pulse rate (the number of beats) indicated by the pulse
information that is obtained in a state in which the eyelid of
the user is closed, and the range that is determined in
advance.

[0161] <Posture Detection Unit>

[0162] The posture detection unit 25 is configured to
include single or plural electronic gyroscopes and acceler-
ometers.

[0163] Forexample, when the single electronic gyroscope
is used as the sensor that configures the posture detection
unit 25, the inclination of the electronic gyroscope, that is,
the inclination of the display device 11 is detected. Con-
versely, for example, when the plurality of electronic gyro-
scopes are used as the sensor that configures the posture
detection unit 25, an inclination with a different disposition
for each electronic gyroscope as a reference plane is
detected. In the accelerometer that configures the posture
detection unit 25, the acceleration applied to the posture
detection unit 25 (the display device 11) is detected.
[0164] The information that is obtained by each sensor
that serves as the posture detection unit 25 is supplied from
the posture detection unit 25 to the signal processing unit 27
and is used in the posture determination which determines
the posture of the user to which the display device 11 is
mounted.

[0165] Note that, in order to more accurately measure the
posture of the user from the output of the posture detection
unit 25, it is necessary to obtain a more accurate relationship
between the reference plane of each sensor that configures
the posture detection unit 25 and the ground (the horizontal
plane).

[0166] Therefore, when the user first mounts the display
device 11 or the like, calibration of the posture information
indicating the relationship between the reference plane and
the ground may be performed.

[0167] In such a case, for example, the calibration may be
performed when the signal processing unit 27 detects that
the difference between the temperature of the eyeball side of
the user and the temperature of the outside in the display
device 11 supplied from the temperature detection unit 82 is
greater than or equal to a predetermined value.

[0168] During the calibration of the posture information,
for example, the signal processing unit 27 causes the display
region 21 to display guidance (an image) urging the user to
stare at a point in front of the user in a standing position
posture. Therefore, the user assumes the standing position
posture in accordance with the guidance, and subsequently,
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for example, inputs the fact that the user is in the standing
position posture by voice or the like using the voice recog-
nition unit (not shown) of the display device 11.

[0169] When the user assumes the standing position pos-
ture, the signal processing unit 27 learns the relationship
between the reference plane of each sensor that configures
the posture detection unit 25 and the ground based on the
output of each sensor that is supplied from the posture
detection unit 25, supplies information indicating the posi-
tional relationship between each reference plane and up,
down, left, and right to the recording unit 83, and causes the
recording unit 83 to record the information. When perform-
ing the posture determination based on the output from the
posture detection unit 25, the signal processing unit 27 uses
the information indicating the positional relationship of the
reference planes that is recorded in the recording unit 83, as
appropriate. Accordingly, it is possible to specify the posture
of the user with higher precision.

[0170] Note that, during calibration, the input of the fact
that the user has assumed the standing position posture that
is performed by the user may be performed using any
method, in addition to a method using the voice recognition
function. For example, the input may be performed by the
user blinking in an arbitrary pattern, the user performing an
action of tilting the head or an action of shaking the head left
and right, or by the user tapping the head and using the
vibration.

[0171] The accuracy of the posture information and the
rendering positional accuracy of the display elements 55
may be improved by using eyeball movement caused by tiny
visual fixations (microsaccades). For example, assuming
that the eyeball movement caused by the tiny visual fixations
1s movement with an angular velocity in which the center of
the eyeball is a reference point, it is possible to improve the
measurement accuracy of the posture information from the
inclination and the acceleration of the reference plane that is
obtained from each sensor that configures the posture detec-
tion unit 25 if the eyeball movement of the tiny visual
fixations is detected a plurality of times and the variation in
the angular velocity component of the detected eyeball
movement is ignored.

[0172] It is known that the light reception characteristics
of photoreceptor cells of the retina of a mammal respond
more the greater the change in light. Therefore, a person can
attain an image which is recognizable to the naked eye by
causing the light that is input in tiny visual fixations to
change randomly and causing the light to be input to
constantly change and to reach the visual cortex.

[0173] When the contact lens type display device 11 is
mounted to the eyeball and an image is displayed, since the
contact lens type display device 11 and the eyeball move at
the same time, the merit of random input by the tiny visual
fixations may not be enjoyed. For example, there is a case in
which different recognition is performed from an ordinary
manner of seeing, such as the image being recognized in a
blurred manner, according to the number of pixels of the
display elements 55, the resolution of frame frequency, and
the characteristics of the image being displayed.

[0174] Therefore, when the conditions for such a state are
met, the entirety of the image to be displayed on the contact
lens type display device 11 or a portion of the image is
shifted by omega degrees and n pixels or the like, and a
omega, n coefficient is set randomly, thereby, it becomes
possible to correct a case in which the tiny visual fixations
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are reduced or the tiny visual fixations cease to be present.
The pattern of the tiny visual fixations is acquired by the
position of the contact lens type display device 11 and the
accelerometer, subjected to pattern analysis for a fixed
period, and fed back to the next prediction value in real time.
[0175] The signal processing unit 27 performs the posture
determination of the user based on the signal which is
supplied from each sensor of the posture detection unit 25.
[0176] Specifically, for example, when the user mounts the
display device 11 and assumes the standing position posture,
the electronic gyroscope that configures the posture detec-
tion unit 25 uses a plane, which is perpendicular in relation
to the ground, and the normal of which is the front-rear
direction as seen from the user, as a reference plane (here-
inafter referred to as the vertical reference plane). A plane on
the front side of the user of the vertical reference plane is
assumed to be the front.

[0177] For example, when another electronic gyroscope
that configures the posture detection unit 25 is perpendicular
in relation to the vertical reference plane, that is, when the
user mounts the display device 11 and assumes the standing
position posture, the other electronic gyroscope uses a plane,
which is horizontal in relation to the ground, as a reference
plane (hereinafter referred to as the horizontal reference
plane).

[0178] In such a case, for example, when a value close to
vertical is detected by the posture detection unit 25 as the
angle of the vertical reference plane in relation to the
ground, the signal processing unit 27 determines that there
is a high likelihood that the posture of the user is an
antigravity posture such as the standing position or the
sitting position.

[0179] For example, when a value close to horizontal is
detected by the posture detection unit 25 as the angle of the
vertical reference plane in relation to the ground, the signal
processing unit 27 determines that there is a high likelihood
that the posture of the user is a resting posture such as a
supine position, a Sims” position, or a prone position.
[0180] In particular, when the front of the vertical refer-
ence plane is the top plane, that is, facing upward, the signal
processing unit 27 determines that there is a high likelihood
that the posture of the user is the supine position, and when
the front of the vertical reference plane is the bottom plane
(bottom facing), the signal processing unit 27 determines
that there is a high likelihood that the posture of the user is
the prone position.

[0181] When a value close to vertical is detected by the
posture detection unit 25 as the angle of the horizontal
reference plane in relation to the ground, the signal process-
ing unit 27 determines that there is a likelihood that the
posture of the user is the prone position.

[0182] The usage state determination unit 92 determines
the usage state of the user based on the result of the posture
determination by the signal processing unit 27.

[0183] Forexample, when display device 11 is mounted to
the user all day long, the measurement results illustrated in
FIG. 10 are obtained as the detection results of the angle in
relation to the ground of each reference plane performed by
the posture detection unit 25 at each time.

[0184] Note that, in FIG. 10, the horizontal axis illustrates
time (time), and the vertical axis illustrates the angle of the
vertical reference plane or the horizontal reference plane in
relation to the ground that is detected by the posture detec-
tion unit 25 at each time. In particular, the vertical axis of the
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left side in the drawing illustrates the angle between the
vertical reference plane and the ground, and the vertical axis
of the right side in the drawing illustrates the angle between
the horizontal reference plane and the ground.

[0185] In FIG. 10, a polygonal curve C31 illustrates the
angle of the vertical reference plane in relation to the ground
at each time, and a polygonal curve C32 illustrates the angle
of the horizontal reference plane in relation to the ground at
each time.

[0186] The angle of the vertical reference plane illustrated
by the polygonal curve C31, ordinarily, in a period from 0:00
to 06:00, which is the time during which a person is
sleeping, and approaching 24:00, is approximately 0
degrees, and it can be understood that the user is in a lying
down posture at these times. At these times, the angle of the
horizontal reference plane illustrated by the polygonal curve
C32 changes greatly in an irregular manner, and it can be
understood that the user is turning as the user sleeps.
[0187] Conversely, since the user is often in the standing
position or the sitting position posture during the time period
in which the user is active, that is, a period from 06:00 until
22:00, the angle of the vertical reference plane is around 90
degrees, and the horizontal reference plane is around 0
degrees.

[0188] In the signal processing unit 27, the posture deter-
mination of the user is performed using the angle of the
vertical reference plane and the angle of the horizontal
reference plane at each time, or the like.

[0189] The usage state determination unit 92 performs the
determination of the usage state determination unit based on
the results of the posture determination performed by the
signal processing unit 27. Specifically, for example, the
usage state determination unit 92 determines the sleeping
state when the posture is one in which the body is lain down
such as the supine position, the Sims’ position, or the prone
position for a fixed time or longer, and, no action (move-
ment) is detected by the posture detection unit 25 for a fixed
time or longer.

[0190] Note that, the usage state determination unit 92
may determine the usage state based on the detection results
of the posture and the movement performed by the posture
detection unit 25 without using the results of the posture
determination.

[0191] <Temperature Detection Unit>

[0192] Next, description will be given of the temperature
detection unit 82.

[0193] The temperature detection unit 82 is configured to
include temperature sensors, a plurality of which are dis-
posed on the surface (the outside surface) and the underside
(the eyeball side surface) of the display device 11, and
temperature transmission prevention material that is pro-
vided on the joining surface between each temperature
sensor and the display device 11.

[0194] In the temperature sensors, which configure the
temperature detection unit 82 and are provided on the
surface of the display device 11, the temperature of the
outside surface of the display device 11, that is, the external
temperature or the temperature of the eyelid is measured
(detected). For example, in the state in which the eyelid of
the user is closed, the temperature of the eyelid of the user
is measured by the temperature sensors that are provided on
the surface, and in the state in which the eyelid of the user
is open, the external temperature is measured by the tem-
perature sensors that are provided on the surface.
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[0195] Note that, hereinafter, the temperature that is mea-
sured by the temperature sensors that are provided on the
surface of the display device 11 will simply be referred to as
the external temperature.

[0196] The temperature sensors which configure the tem-
perature detection unit 82 and are provided on the underside
of the display device 11 measure the temperature of the
surface of the eyeball side of the user in the display device
11, that is, the temperature of the eyeball surface.

[0197] The external temperature and the temperature of
the eyeball surface, which are measured by the temperature
detection unit 82, are supplied to the signal processing umt
27 and used in the prediction of the body temperature of the
user and the like. The measurement results of the external
temperature and the temperature of the eyeball surface are
supplied to the recording unit 83 from the signal processing
unit 27, as appropriate, and recorded in the recording unit
83.

[0198] Note that, in order to accurately predict the body
temperature of the user or the like, it is necessary to predict,
in advance, information that is generate by individual dif-
ferences depending on the user, for example, information of
the external temperature and the rise in temperature of the
eyeball surface in the state in which the eyelid of the user is
closed, what degree of time the temperatures settle after, and
the like.

[0199] Therefore, for example, when the user first mounts
the display device 11 or the like, when a temperature
difference between the surface and the underside of the
display device 11, that is, a difference in the external
temperature and the temperature of the eyeball surface is
detected, the signal processing unit 27 causes the display
region 21 to display guidance (an image) urging the user to
close the eyelid. Therefore, the user closes the eyelid in
accordance with the guidance, and subsequently, for
example, inputs the fact that the eyelid is closed by voice or
the like using the voice recognition unit (not shown) of the
display device 11.

[0200] When the user is in the state in which the eyelid is
closed, the signal processing unit 27 measures the rises in
the external temperature and the temperature of the eyeball
surface, the time taken for the temperatures to settle, and the
like based on the temperatures of the surface and the
underside that are output from the temperature detection unit
82, that is, the external temperature and the temperature of
the eyeball surface, supplies the measurements to the record-
ing unit 83, and causes the recording unit 83 to record the
measurements.

[0201] Note that, during the measurement of the rise in
temperature, the settlement time, and the like, the input by
the user of the fact that the eyelid is closed may be
performed using any method in addition to the method of
using the voice recognition function. For example, the input
may be performed by the user blinking in an arbitrary
pattern, the user performing an action of tilting the head or
an action of shaking the head left and right, or by the user
tapping the head and using the vibration.

[0202] The measurement results of the rise in temperature,
the settlement time, and the like that are obtained in this
manner are used by the signal processing unit 27, as appro-
priate, in the prediction of the body temperature of the user
and the like.

[0203] For example, when the user closes the eyelid and
the rise in the temperatures of the surface and the underside
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of the display device 11 have settled, the signal processing
unit 27 sets the temperature of the surface and the tempera-
ture of the underside, that is, the temperature of the eyelid
and the temperature of the eyeball surface at that time as the
reference body temperature of the user.

[0204] The signal processing unit 27 sets the temperature
that is measured by the temperature sensors on the surface
of the display device 11 when the user opens the eyelid to the
external temperature, and predicts the body temperature of
the user from the difference between the temperature that is
measured by the temperature sensors on the underside of the
display device 11 and the reference body temperature.

[0205] Note that, when the external temperature and the
temperature of the eyelid, or the like are measured, the signal
processing unit 27 uses a smoothed temperature such as the
average value of temperatures over the passage of a fixed
time as the temperature that is measured by the temperature
sensors that are disposed on the surface of the display device
11. Accordingly, the noise element of the temperature rise or
the like that occurs when the user blinks is removed, it is
possible to improve the measurement accuracy of the exter-
nal temperature or the like.

[0206] It is known that a phenomenon occurs when the
body desires sleep in that the body temperature of the
surface of the body rises. Therefore, when presenting light,
video, or the like, it may be determined whether or not the
presentation has the effect of encouraging sleep, using the
rise in body temperature that is obtained through measure-
ment.

[0207] When the user opens and closes the eyelid, the
temperature that is measured by the temperature sensors that
are provided on the surface of the display device 11 and
serve as the temperature detection unit 82 changes. There-
fore, the open-close determination unit 91 performs the
open-close determination of the eyelid of the user based on
the external temperature (the temperature of the eyelid), that
is, the change in the temperature (a temperature rise) that is
measure by the temperature sensors that are provided on the
surface of the display device 11. For example, when the
external temperature rises from a predetermined temperature
that serves as a reference, it is determined that the eyelid is
closed, and when the external temperature returns to the
predetermined temperature that serves as the reference, it is
determined that the eyelid is open.

[0208] Since the body temperature of the user and the
external temperature are obtained from the output of the
temperature detection unit 82, the usage state determination
unit 92 determines the usage state of the used based on the
temperatures.

[0209] Forexample, when display device 11 is mounted to
the user all day long, the measurement results illustrated in
FIG. 11, for example, are obtained as the measurement
results of the external temperature and the body temperature
of the user at each time.

[0210] Note that, in FIG. 11, the horizontal axis illustrates
time (time), and the vertical axis illustrates the external
temperature or the body temperature of the user at each time.
In particular, the vertical axis of the left side in the drawing
illustrates the body temperature, and the vertical axis of the
right side in the drawing illustrates the external temperature.
[0211] In FIG. 11, a polygonal curve C41 illustrates the
body temperature of the used at each time, predicted based
on the output from the temperature detection unit 82. A
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polygonal curve C42 illustrates the external temperature at
each time, measured by the temperature detection unit 82.
[0212] In this example, ordinarily, in a period from 0:00 to
06:00, which is the time during which a person is sleeping,
and approaching 24:00, the body temperature and the exter-
nal temperature of the user are approximately fixed tem-
peratures. In particular, when the user is in the sleeping state,
since the eyelid of the user is closed, the external tempera-
ture that is measured by the temperature detection unit 82 is
the temperature of the eyelid of the user, and the temperature
of the eyelid is a temperature close to the body temperature
of the user.

[0213] Therefore, when the user is in the sleeping state,
the difference between the external temperature and the
body temperature is comparatively small, and the difference
is substantially fixed.

[0214] Conversely, in a time period in which the user is
active, that is, in a period from 06:00 until 21:00, since the
eyelid is open in a state in which the display device 11 is
mounted to the user, a state is assumed in which the
difference between the body temperature of the user and the
external temperature is great at most times.

[0215] Therefore, for example, when the difference
between the external temperature and the body temperature
is greater than or equal to a predetermined threshold, the
usage state determination unit 92 determines that the user is
in the conscious state.

[0216] Note that, in the same manner as the range RG11
of the pulse rate used in the usage state determination
described above, for example, the threshold that is used in
the usage state determination using the external temperature
and the body temperature may also be calculated based on
the external temperature, the reference body temperature, or
the like, that is measured according to the guidance.
[0217] As is understood from FIG. 11, when the eyelid of
the user is in the closed state, the external temperature, that
is, the temperature of the eyelid is maintained at a substan-
tially fixed temperature. Therefore, when the amount of
change in the external temperature in a fixed time is less than
or equal to a predetermined threshold, the open-close deter-
mination unit 91 may determine that the eyelid of the user
is closed.

[0218] In the open-close determination unit 91, since the
open-close determination of the eyelid is performed based
on the body temperature of the user, the external tempera-
ture, and the like, it is possible to obtain the closed-eyelid
time and the number of blinks from the opening and closing
results.

[0219] The usage state determination unit 92 may perform
the usage state determination based on, for example, the
number of times the user blinks in a period of one minute.
[0220] Forexample, when display device 11 is mounted to
the user all day long, the measurement results illustrated in
FIG. 12, for example, are obtained as the measurement
results of the number of times the user blinks at each time.
[0221] Note that, in FIG. 12, the horizontal axis illustrates
time (time), and the vertical axis illustrates the number of
times the user blinks in a period of one minute at each time.
[0222] In FIG. 12, a polygonal curve C51 illustrates the
number of times the user blinks at each time, obtained based
on the results of the open-close determination of the eyelid
using the external temperature and the body temperature of
the user. In this example, ordinarily, in a period from 0:00 to
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06:00, which is the time during which a person is sleeping,
and approaching 24:00, the number of times the user blinks
is zero.

[0223] Conversely, in a time period in which the user is
active, that is, in a period from 06:00 until 21:00, since the
blinking is performed in a state in which the display device
11 is mounted to the user, the number of times the user blinks
is a fixed number of times of approximately from 15 to 30.
[0224] Therefore, for example, when the number of blinks
is within a predetermined range, the usage state determina-
tion unit 92 determines that the user is in the conscious state.
Note that, in the same manner as the range RG11 of the pulse
rate used in the usage state determination described above,
for example, the range that is used in the usage state
determination using the number of blinks may also be
calculated based on the number of blinks that is measured in
advance according to the guidance.

[0225] Here, description is given of performing the open-
close determination of the eyelid based on the external
temperature, and obtaining the number of blinks using the
determination results. However, the number of blinks may
be obtained based on the results of the open-close determi-
nation of the eyelid that is performed based on the pressure
that is measured by the pressure detection unit 81, the
received light signal that is output from the light receiving
elements 54, and the like, in addition to obtaining the
number of blinks based on the results of the open-close
determination of the eyelid using the output of the tempera-
ture detection unit 8§2.

[0226] <Tear Detection Unit>

[0227] Description will be given of the tear detection unit
26.

[0228] As illustrated in FIG. 13, for example, when the

display device 11 is mounted on the user, the tear detection
unit 26 is disposed so as to be positioned in the proximity of
atear gland T11 of the use, a tear point TP11 and a tear point
TP12.

[0229] Note that, FIG. 13 illustrates a case when the user
to which the display device 11 is mounted is viewed from the
front, and the right side in the drawing is the center of the
face of the user, and the left side in the drawing is the outside
of the face of the user.

[0230] In this example, a tear detection unit 26-1 is
provided on the top-left in the drawing of the surface of the
eyeball side of the display device 11, that is, the top portion
of the outside of the face. The tear gland T11 is in the
proximity of the tear detection unit 26-1. A tear detection
unit 26-2 and a tear detection unit 26-3 are provided,
respectively, on the top-right and the bottom-right in the
drawing of the surface of the eyeball side of the display
device 11, that is, the top and the bottom of the center of the
face.

[0231] A tear of the user is excreted from the tear gland
T11 that is on the outside of the top eyelid of the user, and
the tear is discharged from the tear point TP11 and the tear
point TP12 which are close to the nose. The tear detection
unit 26-1 detects the tear directly after the tear is excreted,
and the tear detection unit 26-2 and the tear detection unit
26-3 detect a tear that travels over the eyeball of the user.

[0232] By providing the tear detection unit 26-1 on a
portion that is closest to the tear gland

[0233] T11 in this manner, the influence of interfering
material other than tears is reduced, it is possible to detect
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more tears, and it is possible to more accurately perform the
measurement of the tear excretion amount and the compo-
nent analysis of the tears.

[0234] It is possible to precisely obtain the degree of
dryness of the center of the eyeball of the surface of the pupil
portion of the user based on the difference between the tear
excretion amount that is detected by the tear detection unit
26-2 and the tear detection unit 26-3, and the tear excretion
amount that is detected by the tear detection unit 26-1. Note
that, the tear detection unit 26-2 and the tear detection unit
26-3 may not necessarily be provided.

[0235] At the time of usage of the contact lens type display
device 11, in order not to damage the eyeball by reducing the
friction with the eyeball of the user, it is necessary for there
to be a film of tear between the eyeball and the display
device 11.

[0236] Forexample, since it is known that when the eyelid
of the user is closed for a long time such as when sleeping,
the tear excretion amount is reduced, it is necessary to pay
attention to a reduction in the tear excretion amount when
using the display device 11 with the eyelid closed for a long
period of time.

[0237] Therefore, when it is detected that the eyeball of
the user is dry according to the dryness of the eyeball that is
obtained from the tear excretion amount that is detected by
the tear detection unit 26, the signal processing unit 27
applies a stimulus to the eye of the user, as appropriate, by
controlling the driving of the display pixels 51 and changing
the wavelength and the amount of light that is output from
the display pixels 51. Accordingly, the generation of tears is
promoted in relation to the user, and it is possible to prevent
the drying of the eye.

[0238] Note that, the stimulus that is applied to the user in
order to promote the generation of tears is not limited to a
stimulus using light, and a stimulus may be applied to the
eye using vibration by a vibration generating unit (not
shown) in order to promote the generation of tears.

[0239] The amount of tears that are excreted from the user
and the components of the tears are detected by each of the
tear detection units 26. For example, the tear detection unit
26 includes a mechanism which samples a tear from the
surface of the eyeball of the user to an analysis chamber via
microscopic holes provided in the tear detection unit 26
using a micro-pump, and, in the analysis chamber, a func-
tional block which analyses the components that are con-
tained in the tear of the user that is samples. Furthermore, the
tear detection unit 26 includes a mechanism which dis-
charges the tear that is samples, subjected to component
analysis, and the like.

[0240] However, it is generally known that a person
excretes more tears when the person is in the conscious state
than when the person is in the sleeping state. Therefore, it is
possible to determine the usage state of the user based on the
tear excretion amount that is detected by the tear detection
unit 26.

[0241] The usage state determination unit 92 determines
the usage state of the user by comparing the tear excretion
amount of the user that is supplied from the tear detection
unit 26 and a threshold that is determined in advance.
Specifically, for example, when the tear excretion amount is
greater than or equal to a threshold, the conscious state is
determined.

[0242] Note that, the threshold that is compared with the
tear excretion amount is obtained from the tear excretion
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amount of the time of the sleeping state and the tear
excretion amount of the time of the conscious state, which
are measured in advance for each user, for example.
[0243] In the component analysis of the tear in the tear
detection unit 26, it is possible to obtain, not only the
concentration (amount) of each component that is contained
in the sampled tear, but also the initial reference concentra-
tion, the maximum concentration, the halved concentration,
the maximum concentration attainment time, the half con-
centration attainment time, and the like of each component.
[0244] Note that, the appropriate component analysis
method for the component analysis method of the tear may
be determined from the classification of components such as
proteins, hormones, and the like, the molecular weight, the
quantitative precision, the temporal resolution, safety to the
human body of derivatives which can be included in the
display device 11, the necessary heat quantity for analysis,
the ease of installation to the display device 11, and the like.
[0245] Specifically, for example, a plurality of methods
that can be implemented in the display device 11 may be
implemented, such as a method using enzymatic derivation
and electrochemistry or fluorometry such as Ph variation
caused by bifidobacterium, a glass electrode method (semi-
conductor), an electrophoresis method, an isoelectric focus-
ing method, an immunoelectrophoresis method, Enzyme-
Linked ImmunoSorbent Assay (ELISA), a synthetic
substrate method, an amyloclastic method, a scattered tur-
bidimetric method such as nephelometry, a fluorometric
enzyme immunosorbent assay method (FETA), an enzyme
immunosorbent assay method (EIA), an RIA method, and
high performance liquid chromatography; a method of mea-
suring a potential difference (potentiometry) using a —pH
electrode of various types of voltammetry (voltammetry)
such as cyclic and linear sweeping; a chemiluminescence
method (chemiluminescence) which performs ppt (nM)
level measurement in iron, manganese, or the like; an
electron capture negative ion chemical ionization mass
spectrometry method; and a method which uses a cortisol
sensor chip in which cortisol antibodies are solidified on
interdigital electrodes.

[0246] Here, FIG. 14 illustrates an example of the rela-
tionship between a predetermined component A that is
contained in a tear that is sampled by the tear detection unit
26, and the transition of time of the component A. Note that,
in FIG. 14, the horizontal axis illustrates time, and the
vertical axis illustrates the concentration of the predeter-
mined component A that is detected.

[0247] In this example, a curve C61 illustrates the con-
centration of the component A that is detected at each time.
[0248] As can be understood from the curve C61, the
concentration of the component A is approximately an initial
reference concentration IDI11 directly after starting the
detection; however, the concentration increases with time
and reaches a maximum concentration MD11. After the
concentration of the component A reaches the maximum
concentration MD11, the concentration of the component A
decreases with time, reaches the half concentration HD11,
and subsequently decreases further and reaches the initial
reference concentration ID11 again.

[0249] Here, the time from starting the detection of the
concentration of the component A until the concentration
reaches the maximum concentration MDI11 is set as a
maximum concentration attainment time MDT11, and the
time from starting the detection of the concentration of the
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component A until the concentration reaches the half con-
centration HD11 is set as a half concentration attainment
time HDT11 (a half-life).

[0250] When the tear detection unit 26 performs the
measurement of the tear excretion amount and the compo-
nent analysis of the tear, the tear detection unit 26 supplies
the obtained tear excretion amount and the result of the
component analysis to the signal processing unit 27. The
signal processing unit 27 supplies the tear excretion amount
and the result of the component analysis to the recording umt
83, and causes the recording unit 83 to record the tear
excretion amount and the result of the component analysis,
as necessary.

[0251] At this time, the tear excretion amount and the
result of the component analysis are accumulated in the
recording unit 83 according to the measurement time inter-
val and the number of consecutive measurements of the tear
detection unit 26. In particular, the data of the result of the
component analysis that is accumulated in the recording unit
83 is data representing the relationship between the cumu-
lative tear components and the transition of time.

[0252] In other words, when the integrated value of the
predetermined component A that is acquired during a pre-
determined time Delta T is obtained, the integrated value of
the concentration of the component A at each time is
obtained, as illustrated in FIG. 15, for example. Note that, in
FIG. 15, the horizontal axis illustrates time, and the vertical
axis illustrates the integrated value of the concentration of
the component A that is acquired during the time Delta T.
[0253] In this example, a curve C71 illustrates the inte-
grated value of the concentration of the component A that is
acquired during the time Delta T at each time in one day, and
it can be understood that the integrated value of the con-
centration of the component A changes with time. In the
signal processing unit 27, a unit time concentration that
increases in relation to the time Delta T in this manner is
calculated as the concentration increase rate of the compo-
nent A.

[0254] Note that, here, description is given of an example
in which the integrated value of the concentration of the
component A that is acquired during the time Delta T is
obtained; however, the maximum value of the concentration
of the component A that is acquired during the time Delta T
may be obtained.

[0255] The signal processing unit 27 can specify the state
of the living body of the user based on the results of the tear
component analysis. This is because, together with changes
in the state of the living body such as the emotions of the
user, the content of each component that is contained in the
tear that is excreted from the user changes with time.
[0256] It is possible to use not only the concentration of
each component that is contained in the tear, but also the
maximum concentration, the maximum concentration
attainment time, the concentration increase rate, and the like
in the specification of the state of the living body of the user.
[0257] Therefore, three tears, tears of a state that mainly
protects the eye, stimulation tears, and emotion tears are
defined as states of tears that change according to the state
of the living body of the user.

[0258] First, for a tear of the state that protects the eye, the
user is in an ordinary state, and the tear is excreted when
there are not any particularly large undulations in emotion.
That is, the tear is for forming a film of tear on the eyeball
together with blinking and protect the eye.
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[0259] The stimulation tears are tears that are excreted
when the user is in a short term painful state such as when
foreign matter enters the eye, or a stimulus is received such
as allyl sulfide of an onion, that is, tears for protecting
against reflex stimulation.

[0260] Emotion tears are tears that are excreted with the
exhibition of emotion such as happy times or sad times.
Examples of such emotion tears include continuous tears
and stress tears.

[0261] Continuous tears are tears which are excreted in a
state in which pain continually occurs in the user. Therefore,
for example, when a state in which the user is in short term
pain continues of a long period, the tears that are excreted
from the user change from stimulation tears to continuous
tears.

[0262] Stress tears are tears which caused by stress and are
excreted in a state in which the user continuously generates
deep sorrow or concern.

[0263] The signal processing unit 27 determines whether
tear that are excreted from the user are tears of a state that
protects the eye, stimulation tears, or emotion tears based on
the tear analysis results that are supplied from the tear
detection unit 26 or the analysis results of the tear that are
recorded in the recording unit 83.

[0264] For example, stimulation tears contain much
globulin, albumin, lactoferrin, substance P, and the like as
components.

[0265] Therefore, for example, when, as a result of the
component analysis of the tear, lactoferrin is detected from
the tear of the user and the lactoferrin has increased over a
short period, the signal processing unit 27 determines that
the tear that is excreted from the user is a stimulation tear.
That is, the state of the living body of the user is determined
to be a state in which short term pain is present.

[0266] A continuous tear, which is an example of the
emotion tear, contains much lactoferrin, substance P, and the
like as components.

[0267] Therefore, for example, when, as a result of the
component analysis of the tear, lactoferrin is detected from
the tear of the user and the period over which the lactoferrin
is increased is maintained for a long period, the signal
processing unit 27 determines that the tear is the continuous
tear of the emotion tears. Note that, for example, when the
stimulation tears continue to be detected for a fixed period
or longer, it may be determined that the continuous tears are
detected.

[0268] Furthermore, a stress tear, which is an example of
the emotion tear, contains much amylase, adrenocortico-
tropic hormone, corticotropin-releasing hormone, and the
like.

[0269] The signal processing unit 27 specifies the state of
the tear that is sampled from the user at the present time by
comparing the concentration of each component that is
detected from the tear by the component analysis, for
example, and a threshold that is obtained in advance, and
takes the state of the tears until this point into consideration,
an determines the state of the living body of the user from
the specified results.

[0270] Note that, here, description is given of an example
in which the state of the living body of the user is determined
based on the results of the component analysis of the tears;
however, in addition, presentation information such as
images, audio, text, and context, input information that is
input by the user or the like such as voice, text, and context,
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component analysis results of a substance such as sweat that
is obtained from another part of the user than the eye.

[0271] For example, when an image is displayed on the
display elements 55, the signal processing unit 27 performs
scene recognition on the image, using the image that is being
displayed as the presentation information, and determines
the state of the living body of the user based on the results
of the scene recognition and the results of the tear compo-
nent analysis.

[0272] For example, when input of the text information or
the like is performed by the user, the signal processing unit
27 extracts characters indicating the emotion or the like of
the user from the text information, using the text information
that is input as the input information, and determines the
state of the living body of the user based on the extraction
results and the results of the tear component analysis.

[0273] For example, when the component analysis results
of a substance such as sweat which is obtained from a
specific part of the user are supplied to the display device 11
from an auxiliary sensor or the like that is connected by
wireless or the like, the signal processing unit 27 determines
the state of the living body of the user based on the results
of the component analysis of the substance that are supplied
and the results of the component analysis of the tears.

[0274] Note that, the specific part at which the detection of
the sweat or the like is performed is set as a portion such as,
for example, a palm of a hand, a base of a thumb, under an
armpit, and a neck, and the detection or component analysis
of sweat is performed using sweat sensors which are pro-
vided in one or a plurality of the parts. For example, the
results of the component analysis of the sweat or the like are
transmitted by wireless from a device such as a sweat sensor
to be received by the signal antenna 23, and are supplied to
the signal processing unit 27. Here, description will be given
of an example in which the component analysis of the sweat
is performed; however, in addition, any substance may be a
component analysis target, such as saliva in the oral cavity
of the user, urine that is obtained from a urethral catheter,
and other waste products.

[0275] The signal processing unit 27 is not limited to using
one of the input information and the results of the compo-
nent analysis of sweat or the like, and may determine the
state of the living body of the user using some of this
information and the results of the tear component analysis.
In this manner, it is possible to specify the state of the living
body of the user with higher precision by using other
auxiliary information in addition to the results of the tear
component analysis.

[0276] If it is possible to specify the state of the living
body such as the emotion of the user, it is possible to execute
a process according to the state of the living body.

[0277] For example, when the state of the emotion of the
user is specified as the state of the living body of the user,
it is possible to cause the display region 21 to display an
image matched to the specified emotion. Specifically, for
example, when the user sees an unpleasant dream while
sleeping, that is, in the sleeping state, a reaction such as
sweating, a rise in pulse, and tension of the body is seen in
the human body.

[0278] Therefore, when it is determined that the user is
viewing an unpleasant dream from the information relating
to the living body of the user such as the emotional state of
the user, and the pulse information, the signal processing
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unit 27 causes the display region 21 to display a video that
serves to calm the feelings, and alleviates the unpleasant
dream.

[0279] Note that, for example, if a component which
suppresses a component that is generated in the stress tear
state is detected by the component analysis of the tear that
is sampled from the user, it is possible to determine whether
the content that is presented to the user by the display device
11 has the effect of suppressing stress for the user.

[0280] For example, if a component which generates plea-
sure, or a component which suppresses the component
which generates pleasure is detected by the component
analysis of the tear, it is possible to determine whether the
content that is presented to the user by the display device 11
is effective, in the same manner.

[0281] In the manner described above, the display device
11 can detect living body information such as the pulse
information, emotion information, and body temperature in
addition to determining the opening and closing of the eyelid
and the usage state of the user.

[0282] Therefore, the display device 11 realizes the vari-
ous functions using the determination results and the detec-
tion results, and it is possible to improve the usability of the
display device 11.

[0283] For example, when the user is in the sleeping state
and the eyelid of the user is closed, the signal processing unit
27 can urge to user to awaken by causing the display pixels
51 to emit light corresponding to a waking time that is set in
advance, directly irradiate the retina of the user with light,
display video, or the like. That is, it is possible to realize an
alarm clock function. At this time, when a strong light is
emitted, since the stimulus is strong and the burden to the
human body is great, the user is urged to awaken using an
appropriate amount of light emission and light emission
rhythm to lead the user to consciousness.

[0284] For example, when the sleeping state is determined
and conditions that are set in advance are met, the signal
processing unit 27 can present information to the retina
during sleep by displaying prepared information, and pro-
mote information such as learning. That is, it is possible to
realize a sleep learning function. It is possible to present
information that alleviates symptoms in medical treatment
using a similar method.

[0285] When the sleeping state is determined and condi-
tions that are set in advance are met, the signal processing
unit 27 displays video or information, which is prepared in
advance, relating directly or indirectly to a dream that user
wishes to view on the display region 21. Accordingly, the
information or video is presented to the retina while the user
is asleep, and it is possible to promote the ability of the user
to view a desired dream. That is, it is possible to perform
dream guidance.

[0286] In the same manner as a case of a contact lens for
diopter adjustment, when the display device 11 is mounted
to the user, in the conscious state, a thin layer of tear is
formed between the display device 11 and the eyeball by a
tear that is excreted from the user, and the eyeball is
protected. However, there is a case in which the excretion of
tears decreases when sleeping such as retiring to sleep.
[0287] Therefore, when the display device 11 is continu-
ously mounted to the eyeball of the user, the protective layer
created by tears between the eyeball and the display device
11 decreases, and there is a likelihood that the eyeball will
be damaged. Therefore, when the protective layer created by
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the tears decreases, the signal processing unit 27 applies a
stimulus to the eye to an extent that does not apply discom-
fort by periodically changing the wavelength or the amount
of light that is output from the display pixels 51 of the
display device 11, promotes the generation of tears, and it is
possible to ensure that the protective layer that is created by
tears is supplied. A configuration may be adopted in which
a vibration generating unit is provided in the display device
11, a stimulus is applied to the eyeball or the eyelid using
vibration to an extent that does not apply discomfort, and the
generation of tears is promoted.

[0288] <Description of Display Drive Process>

[0289] Next, description will be given an example of the
specific operations of the display device 11.

[0290] Hereinafter, description will be given of the display
drive process that is performed by the display device 11 with
reference to the flowchart of FIG. 16.

[0291] The display drive process is started in the display
device 11 when it is detected that the display device 11 is
mounted to the eyeball of the user. For example, when a
comparatively great pressure is detected by the pressure
detection unit 81, or when it is detected that the difference
between the temperature of the surface of the eyeball of the
user and the external temperature is a predetermined value
or greater by the temperature detection unit 82, it is detected
that the display device 11 is mounted to the eyeball of the
user.

[0292] 1In step S11, the drive control unit 93 turns the
power source on. In other words, the drive control unit 93
controls the electrical generation unit 24 and causes the
electrical generation unit 24 to supply power to each part of
the display device 11. Accordingly, for example, from a state
in which the power is supplied to a portion of the display
device 11, a state is assumed in which the power is supplied
to all of the display device 11.

[0293] Instep S12, the signal processing unit 27 performs
calibration of the display position.

[0294] For example, the drive control unit 93 of the signal
processing unit 27 supplies a positioning image for the
calibration to the display element drive unit 28, causes the
display pixels 51 to emit light, and causes the display region
21 to display several positioning images. The user pays
attention to the positioning image and performs a selection
operation such as closing the eyelid, as appropriate, accord-
ing to audio, guidance or the like that is displayed on the
display region 21.

[0295] The drive control unit 93 controls the display
element drive unit 28 to cause the display pixels 51 to emit
light. That is, the display pixels 51 are caused to output light
for line of sight detection. Therefore, a received light signal
corresponding to the amount of received light, which is the
light that is output from the display pixels 51 and reflected
by the surface of the eyeball of the user, is supplied from the
light receiving elements 52 to the signal processing unit 27.
[0296] The signal processing unit 27 detects the line of
sight position of the user based on the received light signal
that is supplied from the light receiving elements 52, and
corrects the display position of the image in the display
region 21 by the amount of shifting that is present between
the line of sight position and the positioning image.
[0297] In step S13, the signal processing unit 27 performs
calibration of the light emission intensity.

[0298] Forexample, the drive control unit 93 of the signal
processing unit 27 controls the display element drive unit 28
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to cause the display pixels 51 to emit light. Therefore, a
received light signal corresponding to the amount of
received light, which is the light that is output from the
display pixels 51 and reflected by the surface of the eyeball
of the user, is supplied from the light receiving elements 52
to the signal processing unit 27.

[0299] The signal processing unit 27 adjusts the light
emission intensity of the display pixels 51 such that the
intensity of the light that is output from the display pixels 51
is an appropriate intensity that does not excessively stimu-
late the eye of the user based on the received light signal that
1s supplied from the light receiving elements 52. The signal
processing unit 27 adjusts the light emission intensity of the
light emitting elements 53 in the same manner. As necessary,
the signal processing unit 27 performs calibration of the
detection position or the like of the light using the light
receiving elements 52 and the light receiving elements 54.
[0300] In step S14, the drive control unit 93 performs a
display process. For example, the drive control unit 93
controls the display element drive unit 28 to cause the
display pixels 51 to emit light, and causes the display pixels
51 to display a predetermined image or information. Accord-
ingly, for example, a user interface or the like is displayed
on the display region 21.

[0301] When the display process is performed, the pres-
sure detection unit 81, the posture detection unit 25, the tear
detection unit 26, and the temperature detection unit 82 start
the detection of the pressure, the posture, the tears, the
external temperature, the temperature of the surface of the
eyeball, and the like. The light emitting elements 53 also
emit light, and the light receiving elements 54 also start the
detection of the light from the light emitting elements 53.

[0302] In step S15, the signal processing unit 27 acquires
the sensor signals that are output from each sensor. In other
words, the signal processing unit 27 acquires the outputs
from the pressure detection unit 81, the posture detection
unit 25, the tear detection unit 26, the temperature detection
unit 82, the light receiving elements 52, and the light
receiving elements 54.

[0303] In step S16, the signal processing unit 27 performs
the sensor signal determination process based on the various
sensor signals that are acquired in the process of step S15.
[0304] Specifically, for example, the signal processing
unit 27 detects the posture of the user based on the signal that
is output from the posture detection unit 25, obtains the
pulse information of the user based on the output from the
pressure detection unit 81, and the like.

[0305] In step S17, the open-close determination unit 91
determines the opening and closing of the eyelid of the user
based on at least one of the received light signals from the
light receiving elements 54, a signal indicating the pressure
that is supplied from the pressure detection unit 81, the
external temperature that is supplied from the temperature
detection unit 82, or the like.

[0306] In step S18, the usage state determination unit 92
determines the usage state of the user based on the pulse
information of the user, the posture, the tear excretion
amount, and the like. In other words, it is determined
whether the user is in the sleeping state or in the conscious
state.

[0307] Instep S19, the signal processing unit 27 performs
set condition determination.

[0308] For example, when a specific condition is satisfied,
such as that the user is in a specific emotional state, when a
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process corresponding to the condition is set, in advance, to
be executed, the signal processing unit 27 determines
whether or not the conditions that are set by the user are
satisfied.

[0309] In step S20, the signal processing unit 27 performs
a process according to the determination results based on the
results of the open-close determination of the eyelid, the
results of the usage state determination, and the results of the
set condition determination. When the processes according
to each of the determination results are performed, subse-
quently, the process returns to step S15, and the processes
that are described above are performed again.

[0310] As described above, the display device 11 performs
the various processes according to the results of the open-
close determination of the eyelid and the usage state deter-
mination. In this manner, by performing the processes based
on the information that is obtained in regard to the user to
which the display device 11 is mounted, it is possible to
perform the appropriate processes without operation by the
user being necessary.

[0311] <Description of Display Control Process with
Regard to Conscious State Mode>

[0312] However, the display device 11 has a conscious
state mode in which the control of the display to the display
region 21 and the like is performed when the user is in the
conscious state, and a sleeping state mode in which the
control of the display to the display region 21 and the like
is performed when the user is in the sleeping state. In other
words, in a state in which the display device 11 is operating,
the conscious state mode is transitioned to when the user is
in the conscious state, the sleeping state mode is transitioned
to when the user is in the sleeping state, and the display
control and the like is performed in each mode.

[0313] Hereinafter, description will be given of the pro-
cesses that are performed by the display device 11 in a case
of the conscious state mode, and in a case of the sleeping
state mode, respectively, corresponding to the processes of
step S15 to step S20 of FIG. 16.

[0314] First, description will be given of the display
control process that is performed in the case of the conscious
state mode with reference to the flowchart of FIG. 17. The
display control process in the conscious state mode that will
be described with reference to FIG. 17 describes the pro-
cesses of step S15 to step S20 of FIG. 16, which are
performed in the case of the conscious state mode, in more
detail.

[0315] In step S51, the signal processing unit 27 acquires
the sensor signals. In other words, the signal processing unit
27 acquires the received light signals from the light receiv-
ing elements 52, the received light signals from the light
receiving elements 54, the signal indicating the pressure
from the pressure detection unit 81, the signal indicating the
posture and the movement from the posture detection unit
25, the tear excretion amount and the component analysis
results from the tear detection unit 26, and the signal
indicating the external temperature and the temperature of
the surface of the eyeball from the temperature detection
unit 82.

[0316] In step S52, the signal processing unit 27 performs
a posture determination process.

[0317] For example, the signal processing unit 27 deter-
mines which posture the user is in, such as the standing
position, the sitting position, the supine position, the Sims’
position, or the prone position based on the angles or the like
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of the vertical reference plane and the horizontal reference
plane in relation to the ground supplied from the posture
detection unit 25.

[0318] In step S53, the signal processing unit 27 performs
a body temperature determination process.

[0319] For example, the signal processing unit 27 calcu-
lates the body temperature of the user from the difference
between the temperature of the surface of the eyeball that is
supplied from the temperature detection unit 82 and the
reference body temperature.

[0320] In step S54, the signal processing unit 27 performs
a tear excretion amount determination process. Specifically,
the signal processing unit 27 sets the measurement results of
the tear excretion amount that are supplied from the tear
detection unit 26 to the tear excretion amount of the user at
the present time.

[0321] The signal processing unit 27 determines the state
of the tears of the user, that is, the state of the living body
such as the emotion or the like of the user based on the tear
excretion amount and the analysis results that are supplied
from the tear detection unit 26.

[0322] 1In step S55, the signal processing unit 27 detects
the pulse rate.
[0323] For example, the signal processing unit 27 deter-

mines the pulse information and the blood flow information
based on the received light signals that are supplied from the
light receiving elements 52, and calculates the pulse rate of
the user from the obtained pulse information and blood flow
information.

[0324] Note that, the signal processing unit 27 may cal-
culate the pulse rate of the user in the same manner as in the
case of the light receiving elements 52 based on the received
light signals that are supplied from the light receiving
elements 54 in the state in which the eyelid of the user is
closed. The signal processing unit 27 may obtain the pulse
information based on the signal indicating the pressure that
is applied to the display device 11 and is supplied from the
pressure detection unit 81 in the state in which the eyelid of
the user is closed, and calculate the pulse rate from the pulse
information.

[0325] The processes of step S52 to step S55 described
above may be performed in any order, and a portion of the
processes may be performed as necessary. A portion or all of
the processes of step S52 to step S55 may be performed in
parallel.

[0326] In step S56, the open-close determination unit 91
performs the open-close determination of the eyelid of the
user.

[0327] For example, the open-close determination unit 91
causes the light emitting elements 53 to emit light, and
determines whether the eyelid of the user is open based on
the received light signals that are supplied from the light
receiving elements 54. For example, when the light receiv-
ing elements 54 receive the light for eyelid open-close
detection that is output from the light emitting elements 53,
it is determined that the eyelid of the user is closed when the
amount of received light that is indicated by the received
light signals from the light receiving elements 54 is greater
than or equal to a predetermined threshold.

[0328] For example, the open-close determination unit 91
performs the open-close determination of the eyelid of the
user based on the signal indicating the pressure that is
applied to the display device 11 and is supplied from the
pressure detection unit 81. Specifically, for example, when
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the pressure that is detected by the pressure detection unit 81
is greater than or equal to the threshold, it is determined that
the eyelid of the user is closed.

[0329] For example, the open-close determination unit 91
performs the open-close determination of the eyelid of the
user based on living body information that is obtained from
the user, for example, manner in which the external tem-
perature that is detected by the temperature detection unit 82
rises. Specifically, for example, when the external tempera-
ture rises from a predetermined temperature that serves as a
reference, it is determined that the eyelid is closed. When the
amount of change in the external temperature in a fixed time
is less than or equal to a predetermined threshold, it may be
determined that the eyelid of the user is closed.

[0330] Note that, the open-close determination of the
eyelid may be performed using one of determination based
on the received light signals, determination based on the
pressure, or determination based on the external tempera-
ture, and the final determination may be performed by
performing a plurality of the determination processes using
the majority decision or the like of the determination results.
For example, when a majority decision is performed, when
two or more of the determination results of the determina-
tion result based on the received light signals, the determi-
nation result based on the pressure, and the determination
result based on the external temperature are determination
results indicating that the eyelid of the user is closed, it is
determined that the eyelid of the user is closed as the final
determination result.

[0331] Instep S57, the signal processing unit 27 performs
the closed-eyelid time determination process. In other
words, the signal processing unit 27 calculates the closed-
eyelid time indicating the time that the eyelid of the user is
continually closed based on the proximal results of the
open-close determination of the eyvelid of the user.

[0332] The signal processing unit 27 also calculates the
number of blinks of the user based on the proximal results
of the open-close determination of the eyelid of the user.

[0333] In step S58, the usage state determination unit 92
performs the usage state determination process.

[0334] For example, the usage state determination unit 92
determines whether the user is in the conscious state or in the
sleeping state based on the pulse rate that is obtained in step
S55.

[0335] For example, the usage state determination unit 92
determines the usage state of the user based on the result of
the posture determination that is obtained in the process of
step S52. Specifically, for example, when the posture of the
user is one in which the body is lain down for a fixed time
or longer, and, no action is detected by the posture detection
unit 25, the sleeping state is determined.

[0336] For example, the usage state determination unit 92
determines the usage state based on the difference between
the body temperature of the user and the external tempera-
ture that is obtained in the process of step S53. In this case,
for example, when the difference between the body tem-
perature and the external temperature is greater than or equal
to the threshold, it is determined that the user is in the
conscious state.

[0337] For example, the usage state determination unit 92
determines the usage state based on the number of blinks of
the user that is calculated in the process of step S57.
Specifically, for example, when the number of blinks is
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within a predetermined range that is determined in advance,
it is determined that the user is in the conscious state.
[0338] For example, the usage state determination unit 92
determines the usage state by comparing the tear excretion
amount and the threshold that are obtained in the process of
step S54. Specifically, for example, when the tear excretion
amount is greater than or equal to a threshold, the conscious
state is determined.

[0339] Note that, the usage state determination may be
performed based on information relating to (the living body
of) the user such as at least one of the pulse rate, the results
of the posture determination, the difference between the
body temperature and the external temperature, the number
of blinks, and the tear excretion amount, and the final
determination may be performed by performing a plurality
of the determination processes using the majority decision or
the like of the determination results. For example, when the
final determination is performed by majority decision, when
a predetermined number or more determination results are
obtained indicating the conscious state, the final determina-
tion result is determined to be the conscious state.

[0340] The final usage state determination may be deter-
mined based on one or a plurality of usage state determi-
nation results and the results of the open-close determination
of the eyelid.

[0341] Specifically, for example, when the eyelid is deter-
mined to be open by the open-close determination of the
eyelid, it is assumed that the user is in the conscious state.
Even when it is determined that the eyelid of the user is
closed, when the determination result indicating that the user
is in the conscious state is obtained according to one or a
plurality of the usage state determination results, the final
usage state determination result is also assumed to be the
conscious state.

[0342] In step S59, the signal processing unit 27 deter-
mines whether or not the usage state determination result in
step S58 is the conscious state.

[0343] 1In step S59, when the conscious state is deter-
mined, in step S60, the signal processing unit 27 continues
the display state at the present time.

[0344] In other words, when the user is in the conscious
state, since the conscious state mode is set and the display
control is performed, the signal processing unit 27 causes the
display region 21 to display the image and the like as
described hereto.

[0345] In step S61, the signal processing unit 27 deter-
mines whether or not the eyelid of the user is open as a result
of the open-close determination of the eyelid.

[0346] In Step S61, when it is determined that the eyelid
is open, the signal processing unit 27 determines whether or
not to apply the set condition in step S62.

[0347] For example, as a set condition that is specified in
advance by the user, it will be assumed that a condition in
which the eyelid of the user is open and the display process
is being performed in an augmented reality (AR) mode
(augmented reality) on the display region 21 in a specific
posture is defined as the set condition. When the set condi-
tion is satisfied, it is assumed that it is specified that the
guidance function is executed.

[0348] In such a case, the signal processing unit 27 deter-
mines whether or not the set condition is satisfied based on
the result of the posture determination of step S52, the
determination result of step S61, and the display process that
is being performed at present. When it is determined that the
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set condition is satisfied, the signal processing unit 27
determines that the set condition is to be applied in step S62.
[0349] In step S62, when it is determined that the set
condition is not to be applied, the process returns to step
S51, and the processes that are described above are per-
formed again.

[0350] Conversely, in step S62, when it is determined that
the set condition is to be applied, the signal processing unit
27 performs the display control corresponding to the set
condition in step S63.

[0351] For example, when the set condition in which the
eyelid of the user is open and the display process is being
performed in the AR mode on the display region 21 in a
specific posture is applied, it is assumed that the execution
of the guidance function is specified. In such a case, the
drive control unit 93 of the signal processing unit 27 causes
the display element drive unit 28 to drive, causes the display
pixels 51 to display the guidance or the like, and executes the
guidance function.

[0352] In addition, for example, various processes may be
performed, such as an information presentation process or
the execution of the AR mode, as the operation that is set in
advance in regard to each set condition. In this case, since
the eyelid of the user is open, the operation that is set in
advance may be an operation that is appropriate to perform
when the eyelid of the user is open.

[0353] In step S63, when the display control correspond-
ing to the set condition is performed, subsequently, the
process returns to step S51, and the processes that are
described above are performed again.

[0354] Instep S59, when the usage state is determined not
to be the conscious state, that is, is determined to be the
sleeping state, in step S64, the drive control unit 93 controls
the display element drive unit 28 to cause the display region
21 to stop the display of the image. The drive control unit 93
controls the electrical generation unit 24 as necessary, causes
the power supply to a specific block of the display device 11,
for example, to the display element drive unit 28, or the like,
and sets a sleep state.

[0355] When the display device 11 is set to the sleep state,
subsequently, the process returns to step S51, and the
processes described above are performed again. Note that,
more specifically, when the sleeping state is determined, the
display control process transitions from the conscious state
mode to the sleeping state mode, and the display control
process with regard to the sleeping state mode that is
described below with reference to FIG. 18 is executed.
[0356] In Step S61, when it is determined that the eyelid
is not open, the signal processing unit 27 determines whether
or not to apply the set condition in step S65.

[0357] In step S65, when it is determined that the set
condition is not to be applied, the process returns to step
S51, and the processes that are described above are per-
formed again.

[0358] Meanwhile, in step S65, when it is determined that
the set condition is to be applied, in step S66, the signal
processing unit 27 performs the display control correspond-
ing to the set condition.

[0359] For example, the operation of a video mode in
which a moving image is reproduces, the operation of a
meditation mode in which music for meditation is repro-
duced, the operation of a game mode in which a game
function is executed, and the like are performed as the
modes that are set in advance in regard to the set condition.
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Note that, the reproduction of audio is performed by trans-
mitting a command to an external speaker using the signal
antenna 23, for example.

[0360] In step S66, when the display control correspond-
ing to the set condition is performed, subsequently, the
process returns to step S51, and the processes that are
described above are performed again.

[0361] In the manner described above, the display device
11 performs the open-close determination of the eyelid of
the user using at least one of the items of living body
information relating to the user such as the temperature (the
external temperature) of the eyelid of the user, the amount of
light that is received from light that is reflected from the
eyelid of the user or the outside, and the pressure that is
applied to the display device 11. Accordingly, it is possible
to detect the opening and closing of the eyelid of the user at
high precision using a simpler configuration, that is, without
an external device other than the display device 11 being
particularly necessary.

[0362] The display device 11 determines the usage state of
the user using living body information (information relating
to biology) such as one or a plurality of the pulse rate, the
posture, the body temperature, the number of blinks, and the
tear excretion amount of the user. Accordingly, it is possible
to specify the usage state of the user at high precision using
a simpler configuration. In particular, if the usage state is
determined by combining the single or plural items of living
body information and the results of the open-close determi-
nation of the eyelid, it is possible to further increase the
determination precision of the usage state.

[0363] For example, in the display device 11, there is no
case in which the user is erroneously determined to be in the
sleeping state, even when the user is in the conscious state
and blinks or temporarily closes the eyelid when in the
standing position or the sitting position posture. For
example, in the display device 11, even if the user closes the
eyelid for a long time in the conscious state, information
presentation and the like continues to be performed without
the user being erroneously determined to be in the sleeping
state.

[0364] In the display device 11, since it is possible to
distinguish, at high precision, a state in which the user is in
a decubitus position posture in the conscious state, a state in
which the eyelid of the user is closed in the sleeping state,
and the like, it is possible to automatically or semi-auto-
matically present information that is appropriate to the state
of the user, and it is possible to improve usability.

[0365] <Description of Display Control Process with
Regard to Sleeping State Mode>

[0366] Next, description will be given of the processes
that are performed by the display device 11 in a case of the
sleeping state mode, corresponding to the processes of step
S15 to step S20 of FIG. 16.

[0367] In other words, hereinafter, description will be
given of the display control process that is performed in the
sleeping state mode with reference to the flowchart of FIG.
18. The display control process in the sleeping state mode
that will be described with reference to FIG. 18 describes the
processes of step S15 to step S20 of FIG. 16, which are
performed in the case of the sleeping state mode, in more
detail.

[0368] Note that, since the processes of step S91 to step
S98 are the same as the processes of step S51 to step S58 of
FIG. 17, description thereof will be omitted.
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[0369] 1In step S99, the signal processing unit 27 deter-
mines whether or not the result of the usage state determi-
nation in step S98 is the conscious state. Note that, in more
detail, the processes of step S51 to step S59 of FIG. 17 and
the processes of step S91 to step S99 of FIG. 18 are the same
processes, and commonly performed in the conscious state
mode and in the sleeping state mode.

[0370] In step S99, when the conscious state is deter-
mined, in step S100, the signal processing unit 27 continues
the display state at the present time and the process returns
to step S91. Subsequently, the processes that are described
above are performed again.

[0371] In other words, when the conscious state is deter-
mined in step S99, a transition occurs from the sleeping state
to the conscious state. More specifically, when the conscious
state is transitioned to, that is, when the process of step S100
is performed, the processes of step S61 to step S63 described
in FIG. 17 and the processes of step S65 and step S66 are
performed.

[0372] Conversely, in step S99, when the conscious state
is not determined, that is, the sleeping state is determined,
the sleeping state mode is set, the process proceeds to step
S101, and the drive control unit 93 controls the display
element drive unit 28 to cause the display region 21 to stop
the display of the image. The drive control unit 93 controls
the electrical generation unit 24 as necessary, causes the
power supply to a specific block of the display device 11, for
example, to the display element drive unit 28, or the like, and
sets a sleep state.

[0373] In Step S102, the signal processing unit 27 deter-
mines whether or not to apply the set condition.

[0374] In step S102, when it is determined that the set
condition is not to be applied, the process returns to step
S91, and the processes that are described above are per-
formed again.

[0375] Meanwhile, in step S102, when it is determined
that the set condition is to be applied, in step S103, the signal
processing unit 27 performs the display control correspond-
ing to the set condition.

[0376] Forexample, in the case of a set condition in which
the user is in the sleeping state and the state of the tear is a
stress tear, it is assumed that the reproduction of video with
a relaxing effect is specified by the user.

[0377] Insuch acase, since the user is in the sleeping state
and the state of the tear is the siress tear, when it is
determined that the set condition is applied in the process of
step S102, the drive control unit 93 of the signal processing
unit 27 drives the display element drive unit 28 to cause the
display pixels 51 to display video.

[0378] In addition, as an operation that is set in advance in
regard to each set condition, for example, when in the
sleeping state, at ordinary times display is stopped since the
display of information is not necessary; however, an alarm
which promotes a comfortable awakening may be performed
by gradually raising the luminosity level of the display in
accordance with a waking time that is set in advance.

[0379] For example, when the excretion of tears becomes
necessary due to the fact that, during sleep, the excretion of
tears is reduced, an operation such as a stimulation operation
which promotes excretion, the presentation of guidance
video which promotes dreams, the presentation of video
which promotes a learning effect, or the like may be
executed as a pre-set operation.
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[0380] 1In step S103, when the display control correspond-
ing to the set condition is performed, subsequently, the
process returns to step S91, and the processes that are
described above are performed again. Note that, more spe-
cifically, in the display control process that is described with
reference to FIG. 17, when the sleeping state is determined
in step S59, the sleeping state mode is transitioned to, and,
after the process of step S64, the processes of step S102 and
step S103 of FIG. 18 are performed.

[0381] In the manner described above, the display device
11 performs the open-close determination of the eyelid of
the user using at least one of the items of living body
information relating to the user such as the temperature (the
external temperature) of the eyelid of the user, the amount of
light that is received from light that is reflected from the
eyelid of the user or the outside, and the pressure that is
applied to the display device 11.

[0382] Accordingly, even in the same of the sleeping state
mode, it is possible to detect the opening and closing of the
eyelid of the user at high precision using a simpler configu-
ration. Since the display device 11 determines the usage state
of the user using single or plural items of living body
information, it is possible to specify the usage state at high
precision using a simpler configuration.

Second Embodiment

[0383] <Configuration Example of Contact Lens Type
Display Device>

[0384] Note that, the above description relates to within
the display region 21, and it is described that the light
emitting elements 53 and the light receiving elements 54 for
eyelid open-close detection are provided on the eyeball side
of the inside of the display device 11; however, the light
emitting element 53 and the light receiving element 54 may
be provided in any position if it is possible to perform the
open-close determination of the eyelid.

[0385] For example, the light emitting element 53 and the
light receiving element 54 may be provided on the outside
of the display region 21 and in a position of the outside of
the inside of the display device 11.

[0386] In such a case, the display device is configured as
illustrated in FIG. 19, for example. Note that, in FIG. 19,
portions corresponding to those of the cases in FIG. 2 or 3
are assigned the same reference numerals, and description
thereof will be omitted as appropriate.

[0387] A contact lens type display device display device
141 illustrated in FIG. 19 includes the display region 21, the
electrical supply antenna 22, the signal antenna 23, the
electrical generation unit 24, the posture detection unit 25,
the tear detection unit 26-1 to the tear detection unit 26-3, the
signal processing unit 27, the display element drive unit 28,
the light emitting element 53, and the light receiving element
54.

[0388] The display device 141 is oval-shaped; however,
the positional relationships between the display region 21 to
the display element drive unit 28 and the operations thereof
are the same as those of the case in FIG. 2. However, while
the display pixels 51 and the light receiving elements 52 are
provided in the display region 21 of the display device 141,
the light emitting element 53 and the light receiving element
54 are not.

[0389] In the display device 141, the light emitting ele-
ment 53 and the light receiving element 54 are provided on
the bottom left portion in the drawing, that is, on a portion
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in the proximity of the outer circumference of the display
device 141. In this case, the light emitting element 53
outputs the light for eyelid open-close detection toward the
front side in the drawing, that is, toward the outside.
Therefore, when the eyelid of the user is closed, since the
light that is output from the light emitting element 53 is
reflected by the underside of the eyelid and is incident on the
light receiving element 54, the light receiving element 54
receives the light that is incident thereon, subjects the light
to photoelectric conversion, and supplies the received light
signal that is obtained as a result to the signal processing unit
27.

[0390] <Functional Configuration Example of Display
Device>
[0391] The functional configuration of the display device

141 is assumed to be the configuration illustrated in FIG. 20,
for example. Note that, in FIG. 20, portions corresponding
to those of the case in FIG. 6 are assigned the same reference
numerals, and description thereof will be omitted as appro-
priate.

[0392] The configuration of the display device 141 illus-
trated in FIG. 20 differs from the configuration of the display
device 11 in that the light emitting element 53 and the light
receiving element 54 are not provided in the display region
21, and the light emitting element 53 and the light receiving
element 54 are provided outside of the display region 21.
The other configuration is the same as that of the display
device 11.

[0393] Therefore, in the display device 141, the driving of
the light emitting element 53 is directly controlled by the
drive control unit 93 of the signal processing unit 27, and the
received light signal from the light receiving element 54 is
supplied directly to the signal processing unit 27.

Modification Example 1 of Second Embodiment

[0394] <Configuration Example of Contact Lens Type
Display Device>

[0395] Furthermore, an example is described in which the
light emitting elements 53 and the light receiving elements
54 are provided on the outside of the display region 21 in the
display device 141; however, as illustrated in FIG. 21, for
example, only the light receiving element 54 may be pro-
vided without providing the light emitting element 53. Note
that, in FIG. 21, portions corresponding to those of the case
in FIG. 19 are assigned the same reference numerals, and
description thereof will be omitted as appropriate.

[0396] Inthe display device 141 illustrated in FIG. 21, the
light receiving element 54 for eyelid open-close detection is
provided on a portion of the bottom left in the drawing;
however, the light emitting element 53 for eyelid open-close
detection is not. Therefore, in this example, the light receiv-
ing element 54 receives the light that is incident from the
outside, and in the open-close determination unit 91, the
open-close determination of the eyelid is performed based
on the amount of light that is received from the outside by
the light receiving element 54.

Modification Example 2 of Second Embodiment

[0397] <Configuration Example of Contact Lens Type
Display Device>

[0398] When the light emitting element for eyelid open-
close detection is not provided in the display device and only
the light receiving element for eyelid open-close detection is
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provided, the display device may be configured as illustrated
in FIG. 22, for example. Note that, in FIG. 22, portions
corresponding to those of the case in FIG. 19 are assigned
the same reference numerals, and description thereof will be
omitted as appropriate.

[0399] A contact lens type display device display device
181 illustrated in FIG. 22 includes the display region 21, the
electrical supply antenna 22, the signal antenna 23, the
electrical generation unit 24, the posture detection unit 25,
the tear detection unit 26-1, the tear detection unit 26-2, the
tear detection unit 26-3, the signal processing unit 27, the
display element drive unit 28, a light receiving element
191-1 and a light receiving element 191-2.

[0400] In the display device 181, the light receiving ele-
ment 191-1 and the light receiving element 191-2 are
respectively provided on a portion of the center-top side and
a portion of the center-bottom side in the drawing of the
display device 181. The light receiving element 191-1 and
the light receiving element 191-2 are each provided on a
portion in the proximity of the outer circumference of the
display device 181 and on a portion of the outside.

[0401] The light receiving element 191-1 and the light
receiving element 191-2 receive the light that is incident
from the outside and supply received light signals which
correspond to the amount of light that is received to the
signal processing unit 27. Therefore, in the open-close
determination unit 91 of the signal processing unit 27, the
open-close determination of the eyelid is performed based
on the amount of light that is received by the light receiving
element 191-1 or the light receiving element 191-2 from the
outside.

[0402] Note that, here, description is given of an example
in which the two light receiving elements 191-1 and 191-2
are provided; however three or more light receiving ele-
ments for eyelid open-close detection may be provided.

Modification Example 3 of Second Embodiment

[0403] <Configuration Example of Contact Lens Type
Display Device>

[0404] As described above, a vibration unit which applies
a stimulus to the eyeball of the user and promotes the
generation of tears may be provided in the display device. In
such a case, the display device is configured as illustrated in
FIG. 23, for example. Note that, in FIG. 23, portions
corresponding to those of the case in FIG. 22 are assigned
the same reference numerals, and description thereof will be
omitted as appropriate.

[0405] The contact lens type display device 181 illustrated
in FIG. 23 is configured by further providing a vibration unit
231 to the display device 181 illustrated in FIG. 22.
[0406] For example, the vibration unit 231 is formed of a
small motor, a piezoelectric element, or the like, applies an
appropriate stimulus to the eyeball of the user by vibrating
according to the control of the drive control unit 93, and
promotes the generation (excretion) of tears of the user. For
example, the drive control unit 93 drives the vibration unit
231 when it is detected that the eyeball of the user is dry as
described above.

[0407] Note that, in the above description, it is described
that the pressure detection unit 81, the posture detection unit
25, the tear detection unit 26, and the temperature detection
unit 82 are provided in the display device 11 or the like;
however, the pressure detection unit 81, the temperature
detection unit 82, and the like are not necessarily all pro-
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vided, and only the necessary parts may be provided. A
configuration may be adopted in which the display region 21
is not provided in the display device 11 or the like, that is,
a configuration without a display function.
[0408] In the above description, description is given of an
example of a case in which the display device described in
each of the embodiments of the display device 11 or the like
is mounted to a human; however, as long as the living body
has an eyelid and an eyeball, the display device may be used
on any type of living body and is not limited to humans.
[0409] Incidentally, the series of processes that is
described above can be executed using hardware and can be
executed using software. When the series of processes is
executed using software, the program which forms the
software is installed on the display device 11 or the like, for
example.
[0410] For example, in the display device 11, the series of
processes described above are performed by the signal
processing unit 27 loading the program that is recorded in
the recording unit 83 into a memory (not shown) and
executing the program.
[0411] Itis possible to provide the program to be executed
by the display device 11 or the like via a wired or wireless
transmission medium such as a local area network, the
Internet, or a digital satellite broadcast.
[0412] Note that, the program to be executed by the
display device 11 may be a program in which the processes
are performed in time series in the order described in the
present specification. The program may also be a program in
which the processes are performed in parallel or at the
necessary timing such as when the process is called.
[0413] The embodiments of the present technology are not
limited to the embodiment described above, and various
modifications may be made within a scope not departing
from the main concept of the present technology.
[0414] For example, in the present technology, it is pos-
sible to adopt a cloud computing configuration in which one
function is distributed, shared and processed by a plurality
of devices via a network.
[0415] In addition to executing each of the steps described
in the flowcharts described above using one device, it is
possible to distribute and execute the steps over a plurality
of devices.
[0416] Furthermore, when a plurality of processes are
contained in one step, in addition to executing the processes
on one device, it is possible to distribute and execute the
plurality of processes contained in that one step on a
plurality of devices.
[0417] The effects described in the present specification
are merely exemplary, are not limited, and other effects may
be present.
[0418] The present technology can adopt the following
configurations.
[0419] (1) A device configured to be placed in contact
with an eye of a user, the device comprising:
[0420] at least one detector configured to measure at
least one property; and
[0421] a signal processor configured to determine,
based on the at least one property, whether

[0422] the eye of the user is closed.

[0423] (2) The device according to (1), further compris-
ing:

[0424] a display configured to display information to

the eye of the user.
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[0425] (3) The device according to (2), wherein the
display is located in a center portion of the device.
[0426] (4) The device according to (3), wherein the at
least one detector and the signal processor are located

in a periphery portion of the device.

[0427] (5) The device according to any of the previous
configurations, wherein the device is a contact lens
device.

[0428] (6) The device according to any of the previous
configurations, wherein the signal processor is further
configured to determine whether the user is sleeping.

[0429] (7) The device according to any of the previous
configurations, wherein the at least one detector com-
prises a light detector configured to detect an amount of
light received.

[0430] (8) The device according to (7), wherein the light
detector is configured to detect an amount of light
received from outside the device.

[0431] (9) The device according to (7), wherein the light
detector is configured to detect an amount of light
received from a light emitting element of the device.

[0432] (10) The device according to any of the previous
configurations, wherein:

[0433] the at least one detector comprises a temperature
detector configured to detect a temperature outside the
device; and

[0434] the signal processor determines whether the eye
of the user is closed based on the temperature detected
by the temperature detector.

[0435] (11) The device according to (10), wherein the
signal processor determines whether the eye of the user
is closed based on a change in temperature detected by
the temperature detector.

[0436] (12) The device according to any of the previous
configurations, wherein:

[0437] the temperature detector is further configured to
detect a temperature of the eye of the user; and

[0438] the signal processor determines whether the eye
of the user is closed based on the temperature outside
the device detected by the temperature detector and the
temperature of the eye of the user detected by the
temperature detector.

[0439] (13) The device according to any of the previous
configurations, wherein:

[0440] the at least one detector comprises a pressure
detector configured to detect a pressure applied to the
device; and

[0441] the signal processor determines whether the eye
of the user is closed based on the pressure detected by
the pressure detector.

[0442] (14) The device according to any of the previous
configurations, wherein the signal processor is further
configured to determine a number of blinks made by
the user.

[0443] (15) The device according to any of the previous
configurations, further comprising a light emitter for
irradiating an eyelid of the user with light, wherein the
at least one detector comprises a light detector config-
ured to detect an amount of light from the light emitter
that is reflected by the eyelid.

[0444] (16) The device according to (15), wherein the
signal processor is further configured to determine
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pulse information and/or blood flow information of the
user based on the amount of light detected by the light
detector.

[0445] (17) The device according to (16), wherein the
signal processor is further configured to determine
whether the user is sleeping based on the pulse infor-
mation and/or the blood flow information of the user.

[0446] (18) The device according to any of the previous
configurations, further comprising a stimulator config-
ured to stimulate the user to form tears using light
and/or vibration.

[0447] (19) The device according to any of the previous
configurations, wherein:

[0448] the at least one detection comprises a tear detec-
tor configured to detect an amount of tears and/or an
amount of a particular component of the tears;

[0449] the signal processor is further configured to
determine a state of the user based on the amount of
tears and/or the amount of the particular component of
the tears detected by the tear detector.

[0450] (20) The device according to (19), wherein the
tear detector is located on the device such that, when
the device is worn by the user, the tear detector is nearer
to a tear gland of the user than other components of the
device.

[0451] (21) The device according to any of the previous
configurations, wherein:

[0452] the at least one detection comprises a posture
detector configured to detect posture and/or movement
of the head of the user;

[0453] the signal processor is further configured to
determine a state of the user based on the posture and/or
the movement of the head of the user detected by the
posture detector.

[0454] (22) The device according to (21), wherein the
posture detector comprises a gyroscope and/or an
accelerometer.

[0455] (23) A device configured to be placed in contact
with an eye of a user, the device comprising:

[0456] a temperature detector configured to detect a
temperature outside the device and/or a temperature of
the eye of the user.

[0457] (24) A detection device capable of being
mounted to an eyeball, including an eyelid open-close
detection unit which detects opening and closing of an
eyelid of a living body, in a state of being mounted to
the eyeball, based on at least one of an amount of light
that is incident from an outside of the detection device,
a pressure that is applied to the detection device, and
living body information that is obtained from the living
body to which the detection device is mounted.

[0458] (25) The detection device according to (24),
further including a display control unit which controls
display of an image according to detection results of the
opening and closing of the eyelid.

[0459] (26) The detection device according to (24) or
(25), further including a light receiving element which
receives light that is incident from the outside, in which
the eyelid open-close detection unit detects the opening
and closing of the eyelid based on an amount of light
that is received by the light receiving element.

[0460] (27) The detection device according to (24) or
(25), further including a light emitting element which
outputs light toward the outside, and a light receiving
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element which receives the light that is output from the
light emitting element and is reflected by the eyelid, in
which the eyelid open-close detection unit detects the
opening and closing of the eyelid based on an amount
of light that is received by the light receiving element.

[0461] (28) The detection device according to (24) or
(25), further including a pressure detection unit which
detects a pressure that is applied to the detection device,
in which the eyelid open-close detection unit detects
the opening and closing of the eyelid based on the
pressure that is detected by the pressure detection unit.

[0462] (29) The detection device according to (24) or
(25), further including a temperature detection unit
which detects a temperature of the outside of the
detection device as the living body information, in
which the eyelid open-close detection unit detects the
opening and closing of the eyelid based on the tem-
perature that is detected by the temperature detection
unit.

[0463] (30) The detection device according to (29), in
which the eyelid open-close detection unit detects the
opening and closing of the eyelid based on a change in
the temperature of the outside of the detection device.

[0464] (31) The detection device according to (29) or
(30), in which the temperature detection unit further
detects a temperature of the eyeball side of the detec-
tion device, and wherein the detection device further
includes a usage state determination unit which deter-
mines whether or not the living body is in a sleeping
state based on the temperature of the outside and the
temperature of the eyeball side of the detection device.

[0465] (32) The detection device according to any one
of (24) to (29), further including a usage state deter-
mination unit which determines whether or not the
living body is in a sleeping state based on information
relating to the living body.

[0466] (33) The detection device according to (32),
further including a calculation unit which calculates a
number of blinks based on a detection result of the
opening and closing of the eyelid, in which the usage
state determination unit determines whether or not the

living body is in the sleeping state based on the number
of blinks.

[0467] (34) The detection device according to (32),
further including a calculation unit which calculates
pulse information or blood flow information of the
living body based on an amount of light that is
received, which is the light with which the eyelid is
irradiated and which is reflected by the eyelid, or based
on a pressure that is applied to the detection device, in
which the usage state determination unit determines
whether or not the living body is in the sleeping state
based on the pulse information or the blood flow
information.

[0468] (35) The detection device according to (32),
further including a posture detection unit which detects
a posture of the living body, in which the usage state
determination unit determines whether or not the living
body is in the sleeping state based on results of the
posture detection.

[0469] (36) The detection device according to (32),
further including a tear detection unit which detects a
tear excretion amount of the living body, in which the
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usage state determination unit determines whether or
not the living body is in the sleeping state based on the
tear excretion amount.

[0470] (37) The detection device according to (26), in
which the tear detection unit is provided to be posi-
tioned in a proximity of a tear gland of the living body
in a state in which the detection device is mounted to
the eyeball.

[0471] (38) The detection device according to any one
of (32) to (37), in which the usage state determination
unit determines whether or not the living body is in the
sleeping state based on information relating to the
living body and detection results of the opening and
closing of the eyelid.

[0472] (39) The detection device according to any one
of (24) to (38), further including a stimulation umit
which stimulates the eyeball using light or vibration
and promotes generation of tears of the living body.

[0473] (40) The detection device according to any one
of (24) to (39), further including a tear component
analysis unit which performs component analysis of
tears that are excreted from the living body, and a living
body state determination unit which determines a state
of the living body using at least results of the compo-
nent analysis of the tears.

[0474] (41) The detection device according to any one
of (24) to (40), in which the detection device is a
contact lens type device.

[0475] (42) A detection method of a detection device
capable of being mounted to an eyeball, the method
including a step of detecting opening and closing of an
eyelid of a living body, in a state in which the detection
device is mounted to the eyeball, based on at least one
of an amount of light that is incident from an outside of
the detection device, a pressure that is applied to the
detection device, and living body information that is
obtained from the living body to which the detection
device is mounted.

[0476] (43) A program which causes a computer con-
trolling a detection device capable of being mounted to
an eyeball to execute a process including a step of
detecting opening and closing of an eyelid of a living
body, in a state in which the detection device is
mounted to the eyeball, based on at least one of an
amount of light that is incident from an outside of the
detection device, a pressure that is applied to the
detection device, and living body information that is
obtained from the living body to which the detection
device is mounted.

[0477] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
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[0486] 54-1, 54-2, 54 Light receiving element
[0487] 81 Pressure detection unit

[0488] 82 Temperature detection unit

[0489] 91 Open-close determination unit
[0490] 92 Usage state determination unit
[0491] 93 Drive control unit

[0492] 231 Vibration unit

1. A device configured to be placed in contact with an eye
of a user, the device comprising:

at least one detector configured to measure at least one

property; and

a signal processor configured to determine, based on the

at least one property, whether the eye of the user is
closed.

2. The device according to claim 1, further comprising;

a display configured to display information to the eye of

the user.

3. The device according to claim 2. wherein the display is
located in a center portion of the device.

4. The device according to claim 3, wherein the at least
one detector and the signal processor are located in a
periphery portion of the device.

5. The device according to claim 1, wherein the device is
a contact lens device.

6. The device according to claim 1, wherein the signal
processor is further configured to determine whether the user
is sleeping.

7. The device according to claim 1, wherein the at least
one detector comprises a light detector configured to detect
an amount of light received.

8. The device according to claim 7, wherein the light
detector is configured to detect an amount of light received
from outside the device.

9. The device according to claim 7, wherein the light
detector is configured to detect an amount of light received
from a light emitting element of the device.

10. The device according to claim 1, wherein:

the at least one detector comprises a temperature detector

configured to detect a temperature outside the device;
and

the signal processor determines whether the eye of the

user is closed based on the temperature detected by the
temperature detector.

11. The device according to claim 10, wherein the signal
processor determines whether the eye of the user is closed
based on a change in temperature detected by the tempera-
ture detector.

12. The device according to claim 1, wherein:

the temperature detector is further configured to detect a

temperature of the eye of the user; and

the signal processor determines whether the eye of the

user is closed based on the temperature outside the
device detected by the temperature detector and the
temperature of the eye of the user detected by the
temperature detector.
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13. The device according to claim 1, wherein:

the at least one detector comprises a pressure detector
configured to detect a pressure applied to the device;
and

the signal processor determines whether the eye of the

user is closed based on the pressure detected by the
pressure detector.

14. The device according to claim 1, wherein the signal
processor is further configured to determine a number of
blinks made by the user.

15. The device according to claim 1, further comprising a
light emitter for irradiating an eyelid of the user with light,
wherein the at least one detector comprises a light detector
configured to detect an amount of light from the light emitter
that is reflected by the eyelid.

16. The device according to claim 15, wherein the signal
processor is further configured to determine pulse informa-
tion and/or blood flow information of the user based on the
amount of light detected by the light detector.

17. The device according to claim 16, wherein the signal
processor is further configured to determine whether the user
is sleeping based on the pulse information and/or the blood
flow information of the user.

18. The device according to claim 1, further comprising a
stimulator configured to stimulate the user to form tears
using light and/or vibration.

19. The device according to claim 1, wherein:

the at least one detection comprises a tear detector con-

figured to detect an amount of tears and/or an amount
of a particular component of the tears;

the signal processor is further configured to determine a

state of the user based on the amount of tears and/or the
amount of the particular component of the tears
detected by the tear detector.

20. The device according to claim 19, wherein the tear
detector is located on the device such that, when the device
is worn by the user, the tear detector is nearer to a tear gland
of the user than other components of the device.

21. The device according to claim 1, wherein:

the at least one detection comprises a posture detector

configured to detect posture and/or movement of the
head of the user;

the signal processor is further configured to determine a

state of the user based on the posture and/or the
movement of the head of the user detected by the
posture detector.

22. The device according to claim 21, wherein the posture
detector comprises a gyroscope and/or an accelerometer.

23. A device configured to be placed in contact with an
eye of a user, the device comprising:

a temperature detector configured to detect a temperature

outside the device and/or a temperature of the eye of the
user.
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