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Claims

1. A contact lens comprising: a lens unit configured to be worn on an eyeball; an image pickup unit configured to capture an image of
a subject, the image pickup unit being provided in the lens unit; and an image pickup control unit configured to control the image
pickup unit.
2. The contact lens according to claim 1, further comprising: a recording control unit configured to perform control in a manner that a
captured image captured by the image pickup unit is recorded in a storage medium.
3. The contact lens according to claim 2, further comprising: a transmission unit configured to transmit the captured image recorded in
the storage medium to an external device.
4. The contact lens according to claim 2, wherein, in a case where predetermined eyelid closure of an eyelid that is in contact with the
lens unit is detected, the recording control unit records the captured image captured by the image pickup unit in the storage medium.
5. The contact lens according to claim 4, wherein the recording control unit temporarily records, in the storage medium, previous
predetermined number of frames captured by the image pickup unit and records one image on the basis of the predetermined

number of frames that have been temporarily recorded, in accordance with detection of the predetermined eyelid closure.
6. The contact lens according to claim 4, wherein the recording control unit records the captured image captured by the image pickup
unit in the storage medium at a timing at which next eyelid opening is detected, in accordance with detection of the predetermined
eyelid closure.
7. The contact lens according to claim 4, wherein the predetermined eyelid opening is conscious eyelid closure detected on the basis
of at least one of a time period, the number of times, and a pattern of eyelid closure.
8. The contact lens according to claim 7, wherein the time period of the eyelid closure is sensed in accordance with output from a
piezoelectric sensor provided in the lens unit.
9. The contact lens according to claim 1, further comprising: a sensor provided in the lens unit, wherein the image pickup control unit
controls the image pickup unit in accordance with output from the sensor.
10. The contact lens according to claim 9, wherein the sensor is at least one of a piezoelectric sensor, an infrared sensor, and an
acceleration sensor.
11. The contact lens according to claim 1, further comprising: a display unit provided in the lens unit.
12. The contact lens according to claim 11, wherein the recording control unit records, in a storage medium, a detection result of
eyelid closure of an eyelid that is in contact with the lens unit in association with captured images consecutively captured by the image
pickup unit in a time direction, and wherein the contact lens further includes a display control unit configured to perform control in a
manner that the captured images are displayed on the display unit in accordance with the associated detection result of the eyelid
closure.
13. The contact lens according to claim 12, further comprising: a tilt sensor configured to sense a tilt of the lens unit, wherein the
display control unit controls a display direction of the captured image to be displayed on the display unit in accordance with a tilt of the
lens unit sensed by the tilt sensor.
14. A storage medium having a program stored therein, the program causing a computer to function as: an image pickup unit
configured to capture an image of a subject, the image pickup unit being provided in a lens unit of a contact lens configured to be
worn on an eyeball; and an image pickup control unit configured to control the image pickup unit.
Description

TECHNICAL FIELD
[0001] The present disclosure relates to a contact lens and a storage medium.
BACKGROUND ART
[0002] In recent years, contact lenses that are directly worn on eyeballs are practically used as visual sensation correction devices.
Further, contact lenses are used not only for correcting visual sensation but also for changing appearance of eyes, and, in this case,
lenses are colored.
[0003] Many colored contact lenses (color contact lens) have been used in recent years, and, usually, a user actually tries on a color
contact lens to check appearance of his/her eye and determines which color of a lens suits the user. Herein, the following Patent
Literature 1 discloses a system that simulates appearance of a user wearing a color contact lens and presents the simulated
appearance in order to reduce economic and material waste of contact lenses for trial fitting.
[0004] Further, recently, the following Patent Literature 2 has disclosed an image display device using contact lenses. Patent
Literature 2 proposes a thin image display device in which a display unit and a lens array unit are integrally provided on a curved
surface, the thin image display device being shaped to be fully wearable on an eye such as a contact lens.
CITATION LIST
Patent Literature
[0005] Patent Literature 1: JP2010-211210A [0006] Patent Literature 2: JP2006-292883A
SUMMARY OF INVENTION
Technical Problem
[0007] However, Patent Literatures 1 and 2 do not mention a configuration in which a contact lens has an image pickup function.
[0008] In view of this, the present disclosure provides a contact lens and a storage medium, each of which is new and improved and is
capable of controlling an image pickup unit provided in the contact lens.
Solution to Problem
[0009] According to the present disclosure, there is provided a contact lens including: a lens unit configured to be worn on an eyeball;

an image pickup unit configured to capture an image of a subject, the image pickup unit being provided in the lens unit; and an image
pickup control unit configured to control the image pickup unit.
[0010] According to the present disclosure, there is provided a storage medium having a program stored therein, the program
causing a computer to function as: an image pickup unit configured to capture an image of a subject, the image pickup unit being
provided in a lens unit of a contact lens configured to be worn on an eyeball; and an image pickup control unit configured to control the
image pickup unit.
Advantageous Effects of Invention
[0011] As described above, according to the present disclosure, it is possible to control an image pickup unit provided in a contact
lens.
BRIEF DESCRIPTION OF DRAWINGS
[0012] FIG. 1 is a planar view illustrating an example of an appearance configuration of a contact lens according to an embodiment of
the present disclosure.
[0013] FIG. 2 illustrates a display unit according to this embodiment.
[0014] FIG. 3 is block diagram showing an example of a functional configuration of a contact lens according to this embodiment.
[0015] FIG. 4 is a flowchart showing processing of first image pickup control according to this embodiment.
[0016] FIG. 5 is a flowchart showing processing of second image pickup control according to this embodiment.
[0017] FIG. 6 is a flowchart showing processing of first image pickup/display control according to this embodiment.
[0018] FIG. 7 is a flowchart showing processing of second image pickup/display control according to this embodiment.
[0019] FIG. 8 is a flowchart showing processing of third image pickup/display control according to this embodiment.
DESCRIPTION OF EMBODIMENTS
[0020] Hereinafter, (a) preferred embodiment(s) of the present disclosure will be described in detail with reference to the appended
drawings. Note that, in this specification and the appended drawings, structural elements that have substantially the same function and
structure are denoted with the same reference numerals, and repeated explanation of these structural elements is omitted.
[0021] Further, description will be provided in the following order.
[0022] 1. Outline of contact lens according to embodiment of present disclosure [0023] 1-1. Appearance configuration [0024] 1-2.
Functional configuration
[0025] 2. Operation processing [0026] 2-1. First image pickup control [0027] 2-2. Second image pickup control [0028] 2-3. First
image pickup/display control [0029] 2-4. Second image pickup/display control [0030] 2-5. Third image pickup/display control
[0031] 3. Conclusion
1. OUTLINE OF CONTACT LENS ACCORDING TO EMBODIMENT OF PRESENT DISCLOSURE
[0032] An outline of a contact lens 1 according to an embodiment of the present disclosure will be described. The contact lens 1
according to this embodiment includes a lens unit 10 (see FIG. 1) having a curved-surface shape and can be fully worn on an eye
(eyeball) and be removed therefrom. A circuit unit 20 (see FIG. 1) and a display unit 26 (see FIG. 2) are provided in the lens unit 10. A
smooth portion made of transparent synthetic resin or the like is formed on an external side of the circuit unit 20 and the display unit 26
provided in the lens unit 10 (opposite direction of an eyeball contact surface of the lens unit 10). With this, when the user wears the
contact lens 1 on his/her eye, an eyelid of the user can be smoothly moved thereon.
BACKGROUND
[0033] As described above, in recent years, more and more users wear prescription contact lenses and color contact lenses in order
to correct visual sensation and change appearance of eyes. Further, high functionalization of such contact lenses for daily use is also
proposed.
[0034] For example, Patent Literature 2 proposes an image display device in which a display unit and a lens array unit are integrally
provided on a curved surface, the image display device being formed to be worn on an eye like a contact lens.
[0035] However, Patent Literature 2 does not mention a configuration in which a contact lens has an image pickup function.
[0036] In view of this, a high-function contact lens according to each embodiment of the present disclosure has been made in
consideration of the above circumstances. The contact lens according to each embodiment of the present disclosure has an image
pickup function and performs predetermined image pickup control in accordance with blinking or the like of a user. This makes it
possible to make an intelligent contact lens, thereby remarkably improving usability.
[0037] A configuration of such a contact lens according to this embodiment will be specifically described below with reference to FIG.
1 to FIG. 3.

[0038] <1-1. Appearance Configuration>
[0039] FIG. 1 is a planar view illustrating an example of an appearance configuration of the contact lens 1 according to an
embodiment of the present disclosure. As illustrated in FIG. 1, the contact lens 1 according to this embodiment includes the lens unit
10 worn on the eyeball and is divided into two regions, i.e., a region 1A on an inner side of a circle 1C and a region 1B on an outer
side thereof, seen from the front of the eyeball. A diameter D2 of the circle 1C is substantially equal to or larger than a maximum
diameter D1 of an inner circle 2A of an iris 2 of a human eye. The display unit 26 that displays an image is provided in at least the
region 1A as described below with reference to FIG. 2.
[0040] The circuit unit 20, which will be described below with reference to FIG. 3, is provided in the region 1B on the outer side of the
circle 1C. The circuit unit 20 includes a main control unit 21, a wireless communication processing unit 22, an antenna 23, an image
pickup unit 24 including an image pickup lens 24a, a storage unit 25, and a sensor 27. The circuit unit 20 is provided in the region 1B
that is an outer circumference of the display unit 26 so as not to obstruct image display using the display unit 26.
[0041] (Main Control Unit 21)
[0042] The main control unit 21 includes, for example, a microcomputer (microchip, IC chip) including a central processing unit (CPU),
a read only memory (ROM), and a random access memory (RAM) and controls each configuration of the circuit unit 20. For example,
the main control unit 21 controls the image pickup unit 24 and records a captured image in the storage unit 25 (storage medium).
Further, the main control unit 21 supplies an image signal to the display unit 26 and performs display control. A specific configuration
of the main control unit 21 according to this embodiment will be described below with reference to FIG. 3.
[0043] (Wireless Communication Processing Unit 22 and Antenna 23)
[0044] The antenna 23 is wirelessly connected to an external device and has a function of transmitting and receiving data and a
function of supplying and receiving electric power. The external device is, for example, a smartphone, a tablet terminal, a personal
computer (PC), or the like, which exists in the vicinity of the contact lens 1. Supply and reception of electric power can be achieved by,
for example, an electromagnetic induction method, a radio wave method, or an electromagnetic field resonance method.
[0045] The wireless communication processing unit 22 has a function of performing various kinds of signal processing with respect to
data transmitted and received by the antenna 23 and a function of performing processing of supply and reception of electric power
using the antenna 23. For example, the wireless communication processing unit 22 transmits a captured image stored in the storage
unit 25 to an external device.
[0046] (Image Pickup Unit 24)
[0047] The image pickup unit 24 includes, for example, a lens system including the image pickup lens 24a, an aperture stop, a zoom
lens, a focus lens, and the like, a drive system that causes the lens system to perform focusing operation and zooming operation, and
a solid-state image pickup element array that performs photoelectric conversion with respect to image pickup light obtained in the
lens system to thereby generate an image pickup signal. The solid-state image pickup element array may be realized by, for example,
a charge coupled device (CCD) sensor array or a complementary metal oxide semiconductor (CMOS) sensor array.
[0048] As illustrated in FIG. 1, the image pickup lens 24a is provided so that a gaze direction of the user who wears the contact lens 1
is an image pickup direction.
[0049] The image pickup unit 24 includes an image pickup signal processing unit that performs processing with respect to a signal
obtained by a solid-state image pickup element to thereby obtain an image pickup signal serving as digital data. For example, the
image pickup signal processing unit may perform image stabilization for correcting blur of a captured image, the blur being caused by
motion of the eyeball. The image pickup unit 24 outputs the acquired captured image (digital data) to the main control unit 21.
[0050] (Storage Unit 25)
[0051] The storage unit 25 is a part that records and plays back data by using a predetermined recording medium. The recording
medium can be any one of various kinds of recording media such as a permanent memory including a flash memory, and the storage
unit 25 only needs to execute recording and playback in accordance with a recording medium to be employed.
[0052] (Sensor 27)
[0053] The sensor 27 is any one of various kinds of sensors for sensing external environment (peripheral) information of the contact
lens 1 and is, for example, a piezoelectric sensor (example of pressure sensor), an infrared sensor, an acceleration sensor, a gyro
sensor (example of tilt sensor), or an ocular potential measurement unit. The sensor 27 outputs a sensing result to the main control unit
21.
[0054] In the above description, the configuration of the circuit unit 20 provided in the lens unit 10 of the contact lens 1 has been
described. Note that the configuration of the circuit unit 20 is not limited to the example illustrated in FIG. 1 and may be, for example, a
configuration that does not include the antenna 23. In this case, the circuit unit 20 wirelessly communicates with an external device via
a human body. Further, the circuit unit 20 may be a configuration that includes a battery. Further, arrangement of configurations of the
circuit unit 20 illustrated in FIG. 1 is merely an example, and the circuit unit 20 according to this embodiment may have arrangement
that is different from the arrangement of FIG. 1.
[0055] The display unit 26 provided in the region 1A will be specifically described with reference to FIG. 2.
[0056] (Display Unit)

[0057] FIG. 2 illustrates the display unit 26 according to this embodiment. As illustrated in FIG. 2, a plurality of display elements 261 (In
the case where display elements 261-1, 261-2, 261-3, and the like do not need to be separately described, the display elements will
be simply referred to as "display elements 261" in the following description. The same applies to other members.) are placed in the
display unit 26. Each display element 261 includes, for example, a liquid crystal display device, an organic electroluminescence (EL)
display device, or a field emission display (FED) display device. In the example of FIG. 2, 6.times.6, i.e., 36 display elements 261 in
total are placed in matrix on a curved surface (e.g., substantially spherical curved surface) corresponding to a surface of a human eye
(in the case where another animal wears the contact lens 1, an eye of the animal). The display elements 261 have display regions
261A, respectively, and may display independent images, respectively, or all the display elements may display a single image.
[0058] As illustrated in FIG. 2, the display regions 261A are placed in the whole region 1A in the circle 1C. With this, the diameter D2
of the circle 1C is equal to or larger than a maximum diameter D1 of a pupil 3 (maximum diameter of the inner circle 2A of the iris 2),
and therefore the display regions 261A always exist over the whole pupil 3 regardless of a value of the diameter of the inner circle 2A
of the iris 2. Therefore, more light of images of the display regions 261A are securely formed on a retina of the eyeball. Note that,
although the diameter D2 of the circle 1C has a value smaller than a diameter D3 of an outer circle 2B of the iris 2 in this embodiment,
the diameter D2 may be larger than the diameter D3.
[0059] The display elements 261 are densely arranged with a pitch with which a single image can be recognized as a whole by a
person (so as not to partially lose the image).
[0060] The display unit 26 allows external light to be transmitted therethrough when the display unit does not display an image, and
therefore the user can visually recognize an image of the outside (scene of real space).
[0061] In the above description, the appearance configuration (hardware configuration) of the contact lens 1 according to this
embodiment has been described in detail. Note that the configuration of the contact lens 1 according to this embodiment is not limited
to the examples illustrated in FIG. 1 to FIG. 2 and may be, for example, a configuration that does not include the display unit 26. A
functional configuration of the contact lens 1 will be specifically described with reference to FIG. 3.
[0062] <1-2. Functional Configuration>
[0063] FIG. 3 is block diagram showing an example of the functional configuration of the contact lens 1 according to this embodiment.
As shown in FIG. 3, the contact lens 1 includes the circuit unit 20 including the main control unit 21, the wireless communication
processing unit 22, the antenna 23, the image pickup unit 24, the storage unit 25, and the sensor 27, and the display unit 26. Note that
the wireless communication processing unit 22, the antenna 23, the image pickup unit 24, the storage unit 25, the display unit 26, and
the sensor 27 have been described with reference to FIG. 1 and FIG. 2, and therefore detailed description thereof is herein omitted.
[0064] As illustrated in FIG. 3, the main control unit 21 functions as an image pickup control unit 21a, a recording control unit 21b, an
eyelid closure/eyelid opening detection unit 21c, and a display control unit 21d.
[0065] (Image Pickup Control Unit)
[0066] The image pickup control unit 21a controls operation of the image pickup unit 24. For example, the image pickup control unit
21a performs ON/OFF control of operation of the image pickup unit 24 and control (motor control) for causing the image pickup unit
24 to execute operation such as autofocus, automatic exposure adjustment, aperture stop adjustment, and zooming. Further, the
image pickup control unit 21a performs control of image pickup sensitivity and signal processing in a solid-state image pickup
element.
[0067] The image pickup control unit 21a according to this embodiment can acquire a through image (captured image) by
successively converting image pickup light that is continuously obtained into digital data. Further, the image pickup control unit 21a
can control the image pickup unit 24 so as to capture an image in the case where conscious eyelid closure is detected by the eyelid
closure/eyelid opening detection unit 21c. Specific image pickup control performed by the image pickup control unit 21a will be
described below with reference to FIG. 4 to FIG. 8.
[0068] The image pickup control unit 21a may perform predetermined image pickup control in accordance with a sensing result from
the sensor 27. For example, in the case where the acceleration sensor (example of sensor 27) detects that (the user wearing) the
contact lens 1 moves at a high speed, the image pickup control unit 21a performs control so that a shutter speed becomes high.
[0069] (Recording Control Unit)
[0070] The recording control unit 21b performs control so that a captured image captured by the image pickup unit 24 is recorded in
the storage unit 25. More specifically, the recording control unit 21b records a through image acquired by the image pickup unit 24 in
a buffer area of the storage unit 25 or records, in a main memory area of the storage unit 25, a captured image captured at a timing at
which the eyelid closure/eyelid opening detection unit 21c detects conscious eyelid closure.
[0071] Further, the recording control unit 21b may record, in a storage medium, a detection result (eyelid closure information, eyelid
opening information) detected by the eyelid closure/eyelid opening detection unit 21c in association with images consecutively
captured by the image pickup unit 24 in a time direction.
[0072] Further, the recording control unit 21b may record, in a storage medium, tilt information detected by the gyro sensor (example
of sensor 27) in association with captured images consecutively captured by the image pickup unit 24 in the time direction.
[0073] Such specific record control performed by the recording control unit 21b will be described below with reference to FIG. 4 to
FIG. 8.
[0074] (Eyelid Closure/Eyelid Opening Detection Unit)

[0075] The eyelid closure/eyelid opening detection unit 21c detects opening and closure of the eyelid that is in contact with the lens
unit 10 and outputs a detection result to the image pickup control unit 21a or the recording control unit 21b. Opening and closure of the
eyelid may be detected on the basis of an analysis result of captured images captured by the image pickup unit 24 or may be
detected on the basis of a sensing result from the sensor 27. For example, the eyelid closure/eyelid opening detection unit 21c
detects opening and closure of the eyelid in accordance with output from the piezoelectric sensor (example of sensor 27) provided in
the lens unit 10. At the time of opening or closing the eyelid, the eyelid is brought into contact with the lens unit 10 and a pressure is
generated. Therefore, in the case where a value exceeding a threshold is detected by the piezoelectric sensor, the eyelid
closure/eyelid opening detection unit 21c can detect closure of the eyelid. The eyelid closure/eyelid opening detection unit 21c can
also detect eyelid closure/eyelid opening on the basis of a value of an ocular potential.
[0076] The eyelid closure/eyelid opening detection unit 21c may detect that the eyelid is closed/opened not only in the case where the
eyelid is completely closed/opened but also in the case where the eyelid is being closed/opened.
[0077] The eyelid closure/eyelid opening detection unit 21c can detect conscious eyelid closure (predetermined eyelid closure). The
conscious eyelid closure is different from usual blinking and is operation in which the user consciously closes his/her eyelid in the case
where the user gives a command for the contact lens 1. For example, the eyelid closure/eyelid opening detection unit 21c detects
conscious eyelid closure on the basis of at least one of a time period, the number of times, and a pattern of eyelid closure. In the case
where conscious eyelid closure is detected, the eyelid closure/eyelid opening detection unit 21c outputs a detection result thereof to
the image pickup control unit 21a or the recording control unit 21b.
[0078] (Display Control Unit)
[0079] The display control unit 21d performs control so that an image is displayed on the display unit 26. The display control unit 21d
according to this embodiment can display captured images recorded in the storage unit 25. Herein, in the case where the captured
images recorded in the storage unit 25 are played back and there is a captured image associated with eyelid closure information
indicating that the eyelid is closed at the time of capturing the image, the display control unit 21d performs control so that the captured
image associated with the eyelid closure information is deleted (trimmed) and the other captured images are played back.
[0080] The display control unit 21d may control a display direction of a captured image to be displayed on the display unit 26 in
accordance with a sensing result (tilt information of lens unit 10) from the gyro sensor (example of sensor 27). Further, in the case
where tilt information indicating a tilt of the lens unit 10 occurring at the time of capturing an image is associated with the captured
image, the display control unit 21d can also control a display direction of the captured image to be displayed on the display unit 26 in
accordance with the tilt information.
[0081] Such specific display control performed by the display control unit 21d will be described below with reference to FIG. 7 to FIG.
8.
2. OPERATION PROCESSING
[0082] In the above description, the functional configuration of the contact lens 1 according to this embodiment according to this
embodiment has been described in detail. Next, operation processing of the contact lens 1 according to this embodiment will be
specifically described with reference to FIG. 4 to FIG. 8.
[0083] <2-1. First Image Pickup Control>
[0084] FIG. 4 is a flowchart showing processing of first image pickup control according to this embodiment. As shown in FIG. 4, first,
in Step S103, the main control unit 21 of the contact lens 1 determines whether or not a camera mode is on. Specifically, in the case
where, for example, a power supply is on (in the case where electric power is supplied), in the case where the camera mode is set in
advance, in the case where a predetermined switch is turned on, or in the case where a trigger signal is received from the outside, the
main control unit 21 determines that the camera mode is on.
[0085] The predetermined switch is, for example, the piezoelectric sensor (example of sensor 27) provided in the lens unit 10 of the
contact lens 1, and, in the case where the user presses an end of his/her eyelid in a state in which the eyelid is closed, such press is
sensed by the piezoelectric sensor, and thus the switch can be turned on.
[0086] The trigger signal from the outside is a signal received from an external device via the antenna 23, and, in the case where, for
example, the user operates a smartphone (example of external device) to turn on the camera mode, a trigger signal is transmitted to
the contact lens 1 from the smartphone.
[0087] Then, in the case where the camera mode is on (S103/Yes), in Step 106, the image pickup control unit 21a starts the image
pickup unit 24 and begins to acquire a continuous through image.
[0088] Then, in Step S109, the eyelid closure/eyelid opening detection unit 21c detects conscious eyelid closure of the eyelid that is in
contact with the contact lens 1. Eyelid closure is detected on the basis of the through image acquired in S306, the piezoelectric
sensor, a light sensor (example of sensor 27), or the like, and conscious eyelid closure is detected on the basis of at least one of a
time period, the number of times, and a pattern of eyelid closure. For example, the eyelid closure/eyelid opening detection unit 21c
measures a time period in which the eyelid is closed, and, in the case where the time period exceeds 0.5 second, the eyelid
closure/eyelid opening detection unit 21c may detect the eyelid closure as conscious eyelid closure. It is known that a time period of
usual blinking is generally 0.2 seconds to 0.4 seconds, and therefore it can be said that, in the case where the time period of blinking
exceeds 0.5 seconds, the blinking is conscious blinking that is different from usual blinking (unconscious blinking).
[0089] Then, in Step S112, the eyelid closure/eyelid opening detection unit 21c detects eyelid opening.
[0090] Then, in the case where eyelid opening is detected (S112/Yes), in Step S115, the recording control unit 21b performs control
so that the through image, which has been acquired by the image pickup unit 24 while the eyelid has been open, is recorded as

captured images in the main memory area of the storage unit 25. In this case, the recording control unit 21b may record the through
image in the main memory via a frame buffer.
[0091] Then, in Step 118, Steps S109 to S115 are repeated until the camera mode is turned off. A trigger signal for turning off the
camera mode may also be transmitted from an external device (e.g., a smartphone of the user) in the same way as the trigger signal
for turning on the camera mode.
[0092] In the case where the camera mode is turned off (S118/Yes), in Step S121, the image pickup control unit 21a turns off
(terminates) the image pickup unit 24 to cause the image pickup unit 24 to terminate acquisition of the continuous through image.
[0093] As described above, the contact lens 1 according to this embodiment can release a shutter, i.e., can control capturing and
recording of an image by using conscious closure of the eyelid as a trigger. The user can take a photograph of a subject existing in a
gaze direction only by closing his/her eyelid. This remarkably improves usability of the contact lens 1.
[0094] <2-2. Second Image Pickup Control>
[0095] In the first image pickup control described above, by using conscious closure of the eyelid as a trigger, capturing of an image
and recording of the captured image are performed at a timing at which the closed eyelid is opened, but capturing/recording timings
according to this embodiment are not limited to the above example. In the following description, second image pickup control, which is
different from the first image pickup control in the capturing/recording timings, will be described with reference to FIG. 5.
[0096] FIG. 5 is a flowchart showing processing of the second image pickup control according to this embodiment. As shown in FIG.
5, first, in Step S203, the main control unit 21 of the contact lens 1 determines whether or not the camera mode is on in the same way
as in S103.
[0097] Then, in the case where the camera mode is on (S203/Yes), in Step S206, the image pickup control unit 21a starts the image
pickup unit 24 and begins to acquire a continuous through image.
[0098] Then, in Step S209, the recording control unit 21b begins control to temporarily record the through image captured by the
image pickup unit 24 in a frame buffer area of the storage unit 25. Herein, the recording control unit 21b performs control so that the
predetermined number of frames are circulatively recorded. The predetermined number only needs to be the number of frames which
are set in consideration of an eyelid closure time period of the user, and is not particularly limited in this specification. For example,
the predetermined number of frames may be set to three frames at most.
[0099] Then, in Step S212, the eyelid closure/eyelid opening detection unit 21c detects conscious eyelid closure of the eyelid that is in
contact with the contact lens 1. Eyelid closure is detected on the basis of the piezoelectric sensor or the through image, and conscious
eyelid closure is detected on the basis of at least one of a time period, the numbers of times, and a pattern of eyelid closure.
[0100] Then, in the case where conscious eyelid closure is detected (S212/Yes), in Step S215, the recording control unit 21b
performs control so that one image is recorded as a captured image in the main memory of the storage unit 25 on the basis of the
frames (through image) temporarily recorded in the frame buffer area of the storage unit 25. More specifically, the recording control
unit 21b may select one frame from the predetermined number of frames that are circulatively and temporarily recorded in the frame
buffer area and record the selected frame in the main memory or may generate one image (integrate the predetermined number of
frames) on the basis of the predetermined number of frames and record the generated image in the main memory.
[0101] As a method of selecting one image from the predetermined number of frames, there is, for example, a method of preferentially
selecting a frame (image) having less blur as a whole, a frame (image) having high contrast as a whole, or the like. In particular, in the
case where a subject is dynamic, the method of selecting one frame is desirable.
[0102] As a method of generating one image on the basis of the predetermined number of frames, there is a method of generating
one image on the basis of an average pixel value of the predetermined number of frames, a median value of the predetermined
number of frames, or the like. In particular, in the case where a subject is static, the method of generating one image is desirable.
[0103] Then, in Step 218, Steps S212 to S215 are repeated until the camera mode is turned off. A trigger signal for turning off the
camera mode may also be transmitted from an external device (e.g., a smartphone of the user) in the same way as the trigger signal
for turning on the camera mode.
[0104] In the case where the camera mode is turned off (S218/Yes), in Step S221, the image pickup control unit 21a turns off
(terminates) the image pickup unit 24 to cause the image pickup unit 24 to terminate acquisition of the continuous through image. The
recording control unit 21b deletes a frame that is temporarily stored in the frame buffer.
[0105] As described above, in the second image pickup control according to this embodiment, it is possible to record a frame that is
captured before eyelid closure. With this, it is possible to acquire a desired captured image more securely without missing a shutter
timing.
[0106] <2-3. First Recording/Display Control>
[0107] In the above first and second image pickup control, processing in which a captured image captured before or after eyelid
closure is recorded in the storage unit 25 has been described. The captured image recorded in the storage unit 25 may be a still
image or a moving image (video). Herein, in the case of capturing a moving image, it is problematic in that, in the case where blinking
is imaged, a screen becomes momentarily dark while the moving image is being played back.
[0108] In view of this, in first recording/display control according to this embodiment, eyelid closure information is recorded in
association with a captured image and display control is performed in accordance with the eyelid closure information when the
moving image is played back. With this, a momentarily dark screen is cut, and therefore a more comfortable video is played back. In

the following description, the first recording/display control will be specifically described with reference to FIG. 6.
[0109] FIG. 6 is a flowchart showing processing of the first image pickup/display control according to this embodiment. As shown in
FIG. 6, first, in Step S403, the main control unit 21 of the contact lens 1 determines whether or not the camera mode is on.
[0110] Then, in the case where the camera mode is on (S403/Yes), in Step S406, the image pickup control unit 21a starts the image
pickup unit 24 and begins to acquire consecutive captured images (video).
[0111] Then, in Step S409, the recording control unit 21b begins control to temporarily and successively record the captured images
captured by the image pickup unit 24 in the buffer area of the storage unit 25.
[0112] Then, in Step S412, the eyelid closure/eyelid opening detection unit 21c detects eyelid closure of the eyelid that is in contact
with the contact lens 1. Eyelid closure herein includes unconscious eyelid closure (usual blinking) and is detected on the basis of the
captured images acquired in S409, the piezoelectric sensor, the light sensor (example of sensor 27), or the like. The eyelid
closure/eyelid opening detection unit 21c outputs a detection result of eyelid closure to the recording control unit 21b.
[0113] Then, in the case where eyelid closure is detected (S412/Yes), in Step S415, the recording control unit 21b associates eyelid
closure information indicating that eyelid closure has been detected with a captured image captured by the image pickup unit 24 and
a time direction and records the eyelid closure information in the buffer area of the storage unit 25 (records the captured image
accompanied by the eyelid closure information). On the contrary, in the case where eyelid closure is not detected (S412/No),
accompanying of the eyelid closure information in S415 is not performed. Steps S412 to S415 are repeated until the camera mode is
turned off in Step S418. Note that processing for acquiring captured images in Step S406 and processing for recording the captured
images in the buffer area in Step S409 are continuously performed while Steps S412 to S415 are repeated.
[0114] Then, in the case where the camera mode is turned off (S418/Yes), in Step S421, the recording control unit 21b performs
control so that the captured images recorded in the buffer area are recorded in the main memory area of the storage unit 25. Herein,
the captured images recorded in the buffer area include a captured image that is accompanied by eyelid closure information and a
captured image that is not accompanied by eyelid closure information because eyelid closure has not been detected.
[0115] Then, in Step S424, the image pickup control unit 21a turns off (terminates) the image pickup unit 24 to cause the image
pickup unit 24 to terminate acquisition of the consecutive captured images.
[0116] Then, in the case where a display mode is turned on (S427/Yes), in Step S430, the display control unit 21d starts the display
unit 26 and begins to read the captured images (video) recorded in the main memory of the storage unit 25 into the buffer area. A
trigger signal for turning on the display mode may be transmitted from an external device (e.g., a smartphone possessed by the user),
or, in the case where a predetermined switch, which is different from the camera mode ON/OFF, is turned on, a trigger signal for
turning on the display mode may be detected. The predetermined switch, which is different from the camera mode ON/OFF, is
operation input using a difference in the number of times or a pattern of pressing sensed by the piezoelectric sensor (example of
sensor 27) provided in the lens unit 10. For example, the operation input is such that the user presses an end of the eyelid two times in
a state in which the eyelid is closed.
[0117] Then, in Step S433, the display control unit 21d determines whether or not a frame (captured image) associated with eyelid
closure information exists in frames of the captured images (video) that have been read into the buffer.
[0118] Then, in the case where there is a frame associated with eyelid closure information (S433/Yes), in Step S436, the display
control unit 21d deletes the frame (captured image within eyelid closure period) associated with the eyelid closure information. Note
that, in this case, the display control unit 21d may interpolate the deleted frame part with a frame generated on the basis of frames
before/after the deleted frame or may interpolate the deleted frame by maintaining a previous frame.
[0119] On the contrary, in the case where there is no frame associated with eyelid closure information (S433/No), the display control
unit 21d does not perform deletion processing and executes processing shown in Step S439.
[0120] Then, in Step S439, the display control unit 21d begins control to display the captured images (video) in the buffer on the
display unit 26. Herein, because the frame associated with the eyelid closure information has already been deleted by the processing
shown in S436, the display control unit 21d can play back the captured images in a state in which a screen that momentarily becomes
dark due to blinking is removed (or in a state in which a deleted part is interpolated).
[0121] Then, in the case where the display mode is turned off (Step 442/Yes), the display control unit 21d turns off (terminates) the
display unit 26 in Step S445.
[0122] <2-4. Second Recording/Display Control>
[0123] Processing for deleting a frame associated with eyelid closure information at the time of display is performed in the first
recording/display control described above, but the contact lens 1 according to this embodiment may perform in advance processing
in which, in the case of capturing images, a frame that momentarily becomes dark due to blinking is not captured (is not recorded). In
the following description, such processing will be described as the second recording/display control with reference to FIG. 7.
[0124] FIG. 7 is a flowchart showing processing of the second image pickup/display control according to this embodiment.
Processing in Steps S503 to S512 shown in FIG. 7 is similar to the processing in S403 to S412 shown in FIG. 6, and therefore
description thereof is herein omitted.
[0125] Then, in the case where eyelid closure is detected (S512/Yes), in Step S513, the image pickup control unit 21a performs
control so as to stop capturing of images using the image pickup unit 24.
[0126] Then, in the case where eyelid opening is detected (S516/Yes), in Step S517, the image pickup control unit 21a performs

control so as to resume capturing of images using the image pickup unit 24. Thus, the image pickup control unit 21a temporarily stops
capturing of images at a timing of eyelid closure, and therefore it is possible to prevent capturing of a momentarily dark image. Note
that, in this case, in S512, the eyelid closure/eyelid opening detection unit 21c may detect beginning of closure of the eyelid as eyelid
closure or may detect, as eyelid closure, a state in which the eyelid is completely closed. Image capturing stopping/beginning
processing shown in S513 to S517 is not performed unless eyelid closure is detected (S512/No), and image capturing/recording
processing shown in S509 is continued. Steps S512 to S517 are repeated until the camera mode is turned off in Step S518.
[0127] Then, in the case where the camera mode is turned off (Step 518/Yes), in Step S521, the recording control unit 21b performs
control so that the captured images recorded in the buffer area are recorded in the main memory area of the storage unit 25.
[0128] Then, in Step S524, the image pickup control unit 21a turns off (terminates) the image pickup unit 24 to cause the image
pickup unit 24 to terminate acquisition of the consecutive captured images.
[0129] Then, in the case where the display mode is turned on (S527/Yes), in Step S530, the display control unit 21d starts the display
unit 26 and reads the captured images (video) recorded in the main memory of the storage unit 25 into the buffer area. Then, the
display control unit 21d begins control to display the captured images (video) that have been read into the buffer on the display unit 26.
Herein, in the case of capturing images, image pickup operation is temporarily stopped while the eyelid is closed by the processing
shown in S512 to S517, and therefore the display control unit 21d can play back the captured images in a state in which a screen that
momentarily becomes dark due to blinking is removed in advance.
[0130] Then, in the case where the display mode is turned off (Step 533/Yes), the display control unit 21d turns off (terminates) the
display unit 26 in Step S536.
[0131] In the above description, there has been described in detail a case where the contact lens 1 performs in advance processing in
which, in the case of capturing images, a frame that momentarily becomes dark due to blinking is not captured. Note that, in S512, in
the case where a state in which the eyelid is completely closed is detected by the eyelid closure/eyelid opening detection unit 21c as
eyelid closure, the contact lens 1 may cause the image pickup control unit 21a to stop capturing images and may delete the previous
predetermined number of frames recorded in the buffer area by the recording control unit 21b. With this, it is possible to delete in
advance captured images (frames) that are captured while the eyelid is being closed, i.e., before a state in which the eyelid is
completely closed is detected as eyelid closure.
[0132] <2-5. Third Recording/Display Control>
[0133] In the examples described above, rotation of the contact lens 1 occurring at the time of capturing an image or displaying
(playing back) the image has not been particularly mentioned. However, it is possible to prevent rotation of the contact lens 1 to some
extent by, for example, forming the contact lens 1 so that a lower part thereof has a thickness larger than that of an upper part thereof.
Alternatively, in the case of displaying (playing back) an image on the display unit 26 of the contact lens 1, the contact lens 1 according
to this embodiment can also adjust a display direction of the displayed image in accordance with rotation (tilt) of the contact lens 1
occurring at the time of capturing the image or playing back the image. In the following description, processing for adjusting a display
direction of a captured image in accordance with a tilt of the contact lens 1 occurring at the time of capturing the image will be
specifically described with reference to FIG. 8 as third recording/display control.
[0134] FIG. 8 is a flowchart showing processing of the third image pickup/display control according to this embodiment. Processing in
Steps S603 to S609 shown in FIG. 8 is performed in the same way as the processing in Steps S403 to S409 shown in FIG. 6.
[0135] Then, in Step S612, the gyro sensor (example of sensor 27) provided in the lens unit 10 detects tilt of the lens unit 10 and
outputs a detection result (tilt information) to the recording control unit 21b.
[0136] Then, in the case where a tilt is detected (S612/Yes), in Step S615, the recording control unit 21b associates detected tilt
information with a captured image captured by the image pickup unit 24 and a time direction and records the tilt information in the
buffer area of the storage unit 25 (records the captured image accompanied by the tilt information). On the contrary, in the case where
a tilt is not detected (S612/No), accompanying of the tilt information in S615 is not performed. Steps S612 to S615 are repeated until
the camera mode is turned off in Step S618. Note that processing for acquiring captured images in Step S606 and processing for
recording the captured images in the buffer area in Step S609 are continuously performed while Steps S612 to S615 are repeated.
[0137] Then, in the case where the camera mode is turned off (Step S618/Yes), in Step S621, the recording control unit 21b performs
control so that the captured images recorded in the buffer area are recorded in the main memory area of the storage unit 25. Herein,
the captured images recorded in the buffer area include a captured image that is accompanied by tilt information and a captured
image that is not accompanied by tilt information because tilt has not been detected.
[0138] Then, in Step S624, the image pickup control unit 21a turns off (terminates) the image pickup unit 24 to cause the image
pickup unit 24 to terminate acquisition of the consecutive captured images.
[0139] Then, in the case where the display mode is turned on (S627/Yes), in Step S630, the display control unit 21d starts the display
unit 26 and begins to read the captured images (video) recorded in the main memory of the storage unit 25 into the buffer area.
[0140] Then, in Step S633, the display control unit 21d determines whether or not a frame (captured image) associated with tilt
information exists in frames of the captured images (video) that have been read into the buffer.
[0141] Then, in the case where there is a frame associated with tilt information (S633/Yes), in Step S636, the display control unit 21d
adjusts a display direction of the frame (captured image captured in a tilted state) in accordance with the associated tilt information.
More specifically, the display control unit 21d rotates the frame in a normal direction in accordance with the tilt information.
[0142] On the contrary, in the case where there is no frame associated with tilt information (S633/No), the display control unit 21d
does not adjust the display direction and executes processing shown in Step S639.

[0143] Then, in Step S639, the display control unit 21d begins control to display the captured images (video) in the buffer on the
display unit 26. Herein, because the display direction of the frame associated with the tilt information has already been adjusted by the
processing shown in S636, and therefore, even in the case where a captured image has been captured in a rotated state, the display
control unit 21d can adjust the captured image in a normal direction and then display the captured image on the display unit 26.
[0144] Then, in the case where the display mode is turned off (Step 642/Yes), the display control unit 21d turns off (terminates) the
display unit 26 in Step S645.
3. CONCLUSION
[0145] As described above, the contact lens 1 according to this embodiment has an image pickup function and can perform
predetermined image pickup control in accordance with blinking or the like of the user. This makes it possible to make an intelligent
contact lens, thereby remarkably improving usability for the user.
[0146] The contact lens 1 according to this embodiment can record a captured image before or after eyelid closure in the storage unit
25.
[0147] The contact lens 1 according to this embodiment can also record eyelid closure information or tilt information detected at the
time of capturing images in association with the captured images (video) consecutively acquired in the image pickup unit 24 provided
in the lens unit 10 in a time direction. With this, in the case where the acquired captured images are displayed, the contact lens 1 can
delete a frame (captured image) that becomes momentarily dark due to eyelid closure or can adjust a display direction of a frame that
is captured in a tilted state. This further improves usability of the contact lens 1 having an image pickup/display function.
[0148] The preferred embodiment(s) of the present disclosure has/have been described above with reference to the accompanying
drawings, whilst the present disclosure is not limited to the above examples, of course. A person skilled in the art may find various
alterations and modifications within the scope of the appended claims, and it should be understood that they will naturally come under
the technical scope of the present disclosure.
[0149] For example, it is also possible to prepare a computer program for causing hardware, such as a CPU, a ROM, and a RAM
included in the circuit unit 20 of the contact lens 1, to exert each function of the main control unit 21 of the contact lens 1 described
above. Further, a computer readable storage medium storing the computer program is also provided.
[0150] Although the user normally wears a pair of contact lenses on his/her both eyes, the description has been made assuming that
one contact lens 1 according to this embodiment is worn on one eye. In the case where a prescription lens for correcting visual
sensation is the contact lens 1 having the image pickup function according to this embodiment, the user only needs to wear a usual
prescription contact lens on the other eye. Further, by wearing the contact lenses 1 according to this embodiment on his/her both eyes,
the user can simultaneously capture images of subjects existing in the respective gaze directions of right and left eyes with the use of
the contact lenses 1.
[0151] Further, soft contact lenses and hard contact lenses having different properties of the lenses and different lens diameters are
generally known as contact lenses, and the contact lens 1 according to this embodiment is applicable to either type thereof.
[0152] Additionally, the present technology may also be configured as below.
(1)
[0153] A contact lens including:
[0154] a lens unit configured to be worn on an eyeball;
[0155] an image pickup unit configured to capture an image of a subject, the image pickup unit being provided in the lens unit; and
[0156] an image pickup control unit configured to control the image pickup unit.
(2)
[0157] The contact lens according to (1), further including:
[0158] a recording control unit configured to perform control in a manner that a captured image captured by the image pickup unit is
recorded in a storage medium.
(3)
[0159] The contact lens according to (2), further including:
[0160] a transmission unit configured to transmit the captured image recorded in the storage medium to an external device.
(4)
[0161] The contact lens according to (2) or (3),
[0162] wherein, in a case where predetermined eyelid closure of an eyelid that is in contact with the lens unit is detected, the recording
control unit records the captured image captured by the image pickup unit in the storage medium.

(5)
[0163] The contact lens according to (4),
[0164] wherein the recording control unit temporarily records, in the storage medium, previous predetermined number of frames
captured by the image pickup unit and records one image on the basis of the predetermined number of frames that have been
temporarily recorded, in accordance with detection of the predetermined eyelid closure.
(6)
[0165] The contact lens according to (4),
[0166] wherein the recording control unit records the captured image captured by the image pickup unit in the storage medium at a
timing at which next eyelid opening is detected, in accordance with detection of the predetermined eyelid closure.
(7)
[0167] The contact lens according to any one of (4) to (6),
[0168] wherein the predetermined eyelid opening is conscious eyelid closure detected on the basis of at least one of a time period,
the number of times, and a pattern of eyelid closure.
(8)
[0169] The contact lens according to (7),
[0170] wherein the time period of the eyelid closure is sensed in accordance with output from a piezoelectric sensor provided in the
lens unit.
(9)
[0171] The contact lens according to any one of (1) to (8), further including:
[0172] a sensor provided in the lens unit,
[0173] wherein the image pickup control unit controls the image pickup unit in accordance with output from the sensor.
(10)
[0174] The contact lens according to (9),
[0175] wherein the sensor is at least one of a piezoelectric sensor, an infrared sensor, and an acceleration sensor.
(11)
[0176] The contact lens according to any one of (1) to (10), further including:
[0177] a display unit provided in the lens unit.
(12)
[0178] The contact lens according to (11),
[0179] wherein the recording control unit records, in a storage medium, a detection result of eyelid closure of an eyelid that is in
contact with the lens unit in association with captured images consecutively captured by the image pickup unit in a time direction, and
[0180] wherein the contact lens further includes a display control unit configured to perform control in a manner that the captured
images are displayed on the display unit in accordance with the associated detection result of the eyelid closure.
(13)
[0181] The contact lens according to (12), further including:
[0182] a tilt sensor configured to sense a tilt of the lens unit,
[0183] wherein the display control unit controls a display direction of the captured image to be displayed on the display unit in
accordance with a tilt of the lens unit sensed by the tilt sensor.
(14)
[0184] A contact lens including, in a computer:
[0185] an image pickup unit configured to capture an image of a subject, the image pickup unit being provided in a lens unit
configured to be worn on an eyeball; and

[0186] an image pickup control unit configured to control the image pickup unit.
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