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(57) ABSTRACT

An exemplary portable electronic apparatus includes a dis-
play provided at a front surface, an inifrared camera and a
distance measuring sensor which are provided at a side sur-
face, and a vibrator. When a user holds the portable electronic
apparatus with their left hand and makes a gesture with their
right hand, the portable electronic apparatus analyzes an
image from the infrared camera to detect the gesture made by
the user. The portable electronic apparatus causes the vibrator
to vibrate in accordance with a result of detection of the
gesture.
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ELECTRONIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The disclosures of Japanese Patent Application No.
2014-182587, filed on Sep. 8, 2014, are incorporated herein
by reference.

FIELD

[0002] The technique disclosed here relates to a hand-held
electronic apparatus capable of performing predetermined
information processing.

BACKGROUND AND SUMMARY

[0003] Hitherto, there 1s a portable game apparatus includ-
ing a display and a camera provided behind the display.
Among such conventional game apparatuses, there 1s an
apparatus 1n which a captured image can be obtained through
a shutter operation of a user, a characteristic portion of the
obtained 1image can be analyzed, and a virtual character can
be synthesized with the captured image on the basis of aresult
of the analysis and displayed on the display.

[0004] However, 1n the above conventional portable appa-
ratus, a result of information processing based on an 1mage
captured by the camera 1s displayed on the display, and thus
there 1s room for improvement in performing more effective
output with respect to the user as a result of a process corre-
sponding to an input performed by the user.

[0005] Therefore, an object of the exemplary embodiments
1s to provide an electronic apparatus capable of performing
more effective output with respect to a user as a result of a
process corresponding to an input performed by the user.

[0006] Inthe exemplary embodiments, in order to attain the
object described above, the following configuration examples
are exemplified.

[0007] A hand-held electronic apparatus according to an
embodiment includes a camera, a vibrator, an acquirer, a
detector, and a vibration controller. The acquirer 1s configured
to acquire an mput image captured by the camera. The detec-
tor 1s configured to detect a gesture made by a user, on the
basis of the imnput 1mage acquired by the acquirer. The vibra-
tion controller 1s configured to provide vibration to the user by
using the vibrator 1n accordance with a result of detection of
the gesture by the detector.

[0008] According to the above, the electronic apparatus 1s
able to detect a gesture made by the user, on the basis of an
image captured by the camera, and cause the vibrator to
vibrate 1n accordance with a result of detection of the gesture.
Thus, the user 1s allowed to receive feedback with respect to
the gesture mput through vibration.

[0009] In another configuration, the detector may detect a
gesture made with a hand of the user, and vibration may be
provided by the vibration controller to a hand of the user
different from the hand with which the gesture 1s made.

[0010] According to the above, the user 1s allowed to per-
form a gesture input with one hand and receive feedback with
respect to the gesture input with the other hand.

[0011] Inanother configuration, the camera may be capable
of capturing an 1mage in a side surface direction of the hand-
held electronic apparatus.

[0012] According to the above, the user 1s allowed to per-
form a gesture mput from the side surface direction.
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[0013] In another configuration, the camera may be pro-
vided at a side surface of the hand-held electronic apparatus.
[0014] Inanother configuration, a held portion to be held by
the user may be provided 1n the hand-held electronic appara-
tus at least at a side opposite to a portion at an 1maging
direction side of the camera.

[0015] According to the above, since the camera 1s pro-
vided at the side opposite to the held portion, the user 1s
allowed to hold the held portion with one hand and make a
gesture with the other hand.

[0016] In another configuration, an input section config-
ured to accept an input performed by the user may be pro-
vided to the held portion.

[0017] According to the above, the user 1s allowed to per-
form an 1put with respect to the input section while holding
the held portion.

[0018] In another configuration, the mput section may be
operated with a finger capable of being moved when the held
portion 1s held.

[0019] According to the above, for example, 11 the user can
move their index finger when the held portion 1s held with
their thumb, the user 1s allowed to operate the input section by
using the index finger.

[0020] In another configuration, the input section may be at
least one push button.

[0021] In another configuration, the hand-held electronic
apparatus may further include a display at a front surface
thereof.

[0022] In another configuration, the hand-held electronic
apparatus may further include an information processor con-
figured to perform predetermined information processing in
accordance with the gesture detected by the detector. The
vibration controller provides vibration corresponding to a
result of the predetermined information processing.

[0023] According to the above, the predetermined informa-
tion processing 1s performed in accordance with the gesture
made by the user. As the predetermined information process-
ing, for example, game processing may be performed, or a
process of evaluating the gesture made by the user may be
performed.

[0024] In another configuration, the vibration controller
may provide vibration after a predetermined time period
clapses from the detection of the gesture by the detector.
[0025] According to the above, 1t 1s possible to provide
teedback to the user by means of vibration after the user
makes the gesture and the predetermined time period elapses.
[0026] In another configuration, the hand-held electronic
apparatus may be a hand-held game apparatus which 1s held
by the user with both hands and used. In a state where the
hand-held electronic apparatus 1s held with one hand, a ges-
ture made with the other hand 1s detected by the detector.
Vibration 1s provided to the one hand by the vibration con-
troller.

[0027] According to the above, it 1s possible to provide a
novel hand-held game apparatus which provides feedback by
means of vibration.

[0028] In another configuration, the hand-held electronic
apparatus may have a horizontally long shape, and the camera
may be provided at a short side of the hand-held electronic
apparatus.

[0029] According to the above, since the camera 1s pro-
vided at the short side 1n the horizontally longhand-held elec-
tronic apparatus, the user 1s allowed to perform a gesture input
from the lateral direction of the electronic apparatus.
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[0030] Inanother configuration, the camera may be a cam-
era capable of receiving infrared light.

[0031] According to the above, it 1s possible to detect the
specific object on the basis of an 1mage captured by the
infrared camera. By using the infrared camera, 1t 1s possible to
reduce 1nfluence of the external environment as compared to
a normal camera which captures an image of visible light, and
it 1s possible to obtain an 1mage suitable for detecting the
specific object.

[0032] In another configuration, the hand-held electronic
apparatus may further include a sound controller configured

to cause a sound to be outputted in accordance with the result
of the detection by the detector.

[0033] According to the above, 1t 1s possible to output a
sound 1n addition to an 1image 1n accordance with the result of
the detection.

[0034] A hand-held electronic apparatus according to one
embodiment includes a housing, a camera, a vibrator, an
acquirer, a detector, and a vibration controller. The camera 1s
capable of capturing an 1mage 1n a side surface direction of
the housing. The acquirer 1s configured to acquire an input
image captured by the camera. The detector 1s configured to
detect a specific object on the basis of the mput image
acquired by the acquirer. The vibration controller 1s config-
ured to provide vibration to a user by using the vibrator in
accordance with a result of detection by the detector.

[0035] A hand-held electronic apparatus according to one
embodiment includes a distance measuring sensor, a vibrator,
an acquirer, a detector, and a vibration controller. The
acquirer 1s configured to acquire information from the dis-
tance measuring sensor. The detector 1s configured to detect a
movement made by a user, on the basis of the imnformation
acquired by the acquirer. The vibration controller 1s config-
ured to provide vibration to the user by using the vibrator on
the basis of a result of detection by the detector.

[0036] In another configuration, the detector may detect a
distance to an object, and the vibration controller may provide
vibration corresponding to the distance.

[0037] According to the above, for example, it 1s possible to
provide vibration corresponding to the distance between the
object and the electronic apparatus.

[0038] According to the present embodiment, it 1s possible
to detect a gesture made by the user with the camera and
provide vibration to the user 1n accordance with a result of
detection.

[0039] These and other objects, features, aspects and
advantages of the exemplary embodiments will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 1s an example non-limiting front view of a
portable electronic apparatus 1 according to an exemplary
embodiment;

[0041] FIG. 2 1s an example non-limiting right side view of
the portable electronic apparatus 1;

[0042] FIG. 3 1s an example non-limiting rear view of the
portable electronic apparatus 1;

[0043] FIG. 4 1s an example non-limiting block diagram
showing an example of the internal configuration of the por-
table electronic apparatus 1;
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[0044] FIG. S 1s an example non-limiting diagram showing
an example of a use state of the portable electronic apparatus
1 when a user holds the portable electronic apparatus 1 with
both hands:;

[0045] FIG. 6A 1s an example non-limiting diagram show-
ing a state where the user performs a gesture iput by using
their right hand 1n a right side surface direction of the portable
electronic apparatus 1;

[0046] FIG. 6B 1s an example non-limiting diagram show-
ing a state where the user performs a gesture mput by using
their right hand in the right side surface direction of the
portable electronic apparatus 1;

[0047] FIG. 7A 1s an example non-limiting diagram show-
ing an example of an 1mage captured by an infrared camera 4
when the gesture input shown in FIG. 6A 1s performed;
[0048] FIG. 7B 1s an example non-limiting diagram show-
ing an example of an 1image captured by the infrared camera
4 when the gesture input shown in FIG. 6B 1s performed;
[0049] FIG. 8 1s an example non-limiting diagram showing
a recognizable range of the infrared camera 4;

[0050] FIG. 9 1s an example non-limiting diagram showing
a recognizable range of a distance measuring sensor 5;
[0051] FIG.10A 1s anexample non-limiting diagram show-
ing an example of a process based on a gesture input using the
infrared camera 4;

[0052] FIG. 10B 1s an example non-limiting diagram show-
ing an example of a process based on a gesture input using the
infrared camera 4;

[0053] FIG. 10C 1s an example non-limiting diagram show-
ing an example of a process based on a gesture input using the
infrared camera 4;

[0054] FIG. 10D 1s anexample non-limiting diagram show-
ing an example of a process based on a gesture input using the
infrared camera 4;

[0055] FIG.11A1sanexample non-limiting diagram show-
ing an example of an nput image captured by the infrared
camera 4 when the gesture imput shown in FIG. 10A 1s per-
formed;

[0056] FIG.11B1sanexample non-limiting diagram show-
ing an example of an nput image captured by the infrared
camera 4 when the gesture mnput shown 1n FIG. 10B 1s per-
formed;

[0057] FIG.11C1san example non-limiting diagram show-
ing an example of an nput image captured by the infrared
camera 4 when the gesture mnput shown 1n FIG. 10C 1s per-
formed;

[0058] FIG. 11D 1sanexample non-limiting diagram show-
ing an example of an 1image captured by the infrared camera
4 when the gesture input shown in FIG. 10D 1s performed;
[0059] FIG.12A 1s anexample non-limiting diagram show-
ing another example of a process based on a gesture input
using the infrared camera 4;

[0060] FIG. 12B isanexample non-limiting diagram show-
ing another example of a process based on a gesture iput
using the infrared camera 4;

[0061] FIG. 13 1s an example non-limiting diagram show-
ing an example of a process using the distance measuring
Sensor S;

[0062] FIG. 14 1s an example non-limiting diagram show-
ing a state where an 1mage corresponding to a gesture iput
performed by the user 1s projected onto the hand of the user by
using a projector 8;

[0063] FIG. 15 1s an example non-limiting diagram show-
ing a state where various gesture imputs are performed with a
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right hand with respect to the portable electronic apparatus 1
while the portable electronic apparatus 1 1s held with a left
hand;

[0064] FIG. 16 1s an example non-limiting flowchart show-
ing an example of a process performed in the portable elec-
tronic apparatus 1;

[0065] FIG.171s an example non-limiting flowchart show-
ing predetermined information processing in step S12 1n FIG.
16 1n the case where an input 1image from the infrared camera
4 1s used;

[0066] FIG. 181san example non-limiting flowchart show-
ing the predetermined information processing in step S12 1n
FIG. 16 1n the case where a process based on detection infor-
mation from the distance measuring sensor 5 1s performed.
[0067] FIG. 19 1s an example non-limiting flowchart show-
ing the predetermined information processing in step S12 1n
FIG. 16 1n the case where a process using the infrared camera
4 and the distance measuring sensor 5 1s performed;

[0068] FIG. 20 1s an example non-limiting diagram show-
ing an application example of the process performed 1n the
portable electronic apparatus 1;

[0069] FIG. 21 1s an example non-limiting diagram show-
ing an example of an 1image displayed on a display 2 when a
process using an outer camera 9 and the infrared camera 4
and/or the distance measuring sensor S 1s performed;

[0070] FIG. 22 1s an example non-limiting diagram show-
ing an example of a game for which the projector 8 and the
display 2 are linked to each other;

[0071] FIG. 23 1s an example non-limiting diagram show-
ing an example of a vertically long portable electronic appa-
ratus 50;

[0072] FIG. 24 1s an example non-limiting diagram show-
ing an example of a horizontally long portable electronic
apparatus;

[0073] FIG. 25 15 an example non-limiting diagram show-
ing a state where a portable electronic apparatus provided
with the infrared camera 4, the distance measuring sensor 3,
and the like at a side surface when a screen 1s viewed from a
front surface 1s rotated rightward 90 degrees;

[0074] FIG. 26 1s an example non-limiting diagram show-
ing an example of a configuration 1n which the infrared cam-
era 4, the distance measuring sensor 5, and the like are pro-
vided at each of a side surface and a bottom side surface;
[0075] FIG. 27 1s an example non-limiting diagram of a
portable electronic apparatus 1n which the infrared camera 4
and the distance measuring sensor 3 are tilted, as viewed from
a bottom side surface; and

[0076] FIG. 28 1s an example non-limiting diagram show-
ing a portion of an 1mage sensor capable of capturing both an
RGB 1mage and an infrared image.

DETAILED DESCRIPTION OF NON-LIMITING
EXAMPLE EMBODIMENTS

[0077] Hereinaftter, a portable electronic apparatus accord-
ing to an exemplary embodiment will be described. The por-
table electronic apparatus 1s a hand-held information process-
ing apparatus which can be held with hands and operated by
a user, and may be, for example, a game apparatus, or may be
any apparatus such as a mobile phone (smartphone, etc.), a
tablet terminal, a camera, a watch-type terminal, or the like.
FIG. 1 1s a front view of a portable electronic apparatus 1
according to the present embodiment. FIG. 2 1s a right side
view ol the portable electronic apparatus 1. FIG. 3 1s a rear
view of the portable electronic apparatus 1.
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[0078] As shown in FIG. 1, the portable electronic appara-
tus 1 includes a display 2, a touch panel 3, an infrared camera
4, a distance measuring sensor 3, an input button 6 (6 A to 6D),
an 1rradiation section 7, and a projector 8, and these compo-
nents are housed 1n a housing 10. The housing 10 (the portable
clectronic apparatus 1) has a plate-like shape and has a size
small enough to be held with one hand or both hands of the
user.

[0079] As the display 2, for example, a liquid crystal dis-
play device, an organic EL display device, or the like 1s used.
In addition, any display device may be used. The screen of the
display 2 1s provided so as to be exposed on a front surface (T5
surface) of the housing 10. The touch panel 3 i1s provided on
the screen of the display 2 and detects a position, on the
screen, which 1s touched by the user. As the touch panel 3, one
capable of detecting a single point or one capable of detecting
multiple points 1s used, and any touch panel such as an elec-
trostatic capacitance type, a resistive film type, or the like may
be used.

[0080] The mput buttons 6A to 6D accept an input (press-
ing ) performed by the user. Each of the input buttons 6 A to 6D
1s provided at a position which a finger of the user reaches
when the user holds both ends of the portable electronic
apparatus 1. Specifically, each of the input buttons 6 A and 6C
1s located at a position which a finger of the right hand of the
user reaches when the user holds the portable electronic appa-
ratus 1 with their right hand, the input button 6 A 1s provided
at a position which the thumb of the right hand reaches, and
the input button 6C 1s provided at a position which the index
finger or the middle finger of the right hand reaches. In addi-
tion, each of the input buttons 6B and 6D 1s located at a
position which a finger of the left hand of the user reaches
when the user holds the portable electronic apparatus 1 with
their left hand, the mput button 6B 1s located at a position
which the thumb of the left hand reaches, and the input button
6D 1s located at a position which the index finger or the middle
finger of the left hand reaches. As shown 1n FIG. 1, the input
buttons 6A and 6B are provided on the front surface (TS
surface) of the housing 10, and the mput buttons 6C and 6D
are provided on an upper side surface (T4 surface) of the
housing 10. As an 1input section which accepts an input per-
formed by the user, a cross key, an analog stick, or the like for

a direction mnput may be provided 1n addition to the mput
buttons 6A to 6D.

[0081] The infrared camera 4 1includes a lens and a sensor
which senses light (infrared light, specifically, near-infrared
light). The sensor of the infrared camera 4 1s an 1mage sensor
in which elements that sense infrared light are arranged 1n
rows and columns, and each element of the image sensor
receives infrared light and converts the infrared light into an
electric signal, thereby outputting a two-dimensional infrared
1mage.

[0082] Light (e.g., infrared light) emitted from a light
source provided in the distance measuring sensor S 1s
reflected on an object. The distance measuring sensor S mea-
sures the distance to the object by 1ts light recerving element
receiving the retlected light. As the distance measuring sensor
5, any type of sensor such as a triangulation type sensor or a
TOF (Time Of Flight) type sensor may be used. As the light
source of the distance measuring sensor 5, an LED, a laser
diode, or the like which emits infrared light 1n a specific
direction 1s used.

[0083] The 1rradiation section 7 emits infrared light at a
predetermined time interval (e.g., a Yo sec interval). The
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irradiation section 7 emits infrared light in synchronization
with timing at which the infrared camera 4 captures an 1image.
The 1rradiation section 7 emits infrared light to a predeter-
mined range 1n a right side surface direction of the portable
electronic apparatus 1. The infrared light emitted by the irra-
diation section 7 1s reflected on an object and, the reflected
infrared light 1s received by the infrared camera 4, whereby an
image of the infrared light 1s obtained. The 1rradiation section
7 may be used for capturing an infrared image by the infrared
camera 4 and measuring a distance by the distance measuring
sensor 3. That 1s, using the infrared light from the 1rradiation
section 7, an image may be captured by the infrared camera 4
and also a distance may be measured by the distance measur-
Ing sensor 5.

[0084] The projector 8 includes a light source which emaits
visible light, and projects a character, an 1image, or the like
onto a projection surface (a screen, a hand of the user, etc.) by
using light from the light source.

[0085] The infrared camera 4, the distance measuring sen-
sor 5, the 1rradiation section 7, and the projector 8 are pro-
vided at a side surface (e.g., a right side surface: T1 surface)
of the housing 10. Specifically, the imaging direction (optical
axis) of the infrared camera 4 1s directed 1n a direction per-
pendicular to the right side surface. The detection direction of
the distance measuring sensor S and a direction 1n which the
projector 8 emits light are also similarly directions perpen-
dicular to the right side surface. That 1s, when the user holds
the portable electronic apparatus 1 with their left hand, the
infrared camera 4 captures an 1mage of a space 1n the right
side surface direction of the portable electronic apparatus 1,
and the distance measuring sensor 5 measures the distance to
an object present in the space in the right side surface direc-
tion of the portable electronic apparatus 1. In addition, the
projector 8 projects an 1image or the like by emitting visible
light 1n the same direction as those of the infrared camera 4
and the distance measuring sensor 5.

[0086] An outer camera 9 1s provided at a back surface (T6
surface) of the portable electronic apparatus 1 (FIG. 3). The
outer camera 9 1s typically capable of capturing an 1mage in a
direction perpendicular to the imaging direction of the infra-
red camera 4, that 1s, 1n a direction perpendicular to the back
surface. The outer camera 9 includes a lens and an 1mage
sensor which senses visible light. The outer camera 9 captures
an 1mage of a space in a back surface direction as a color
image (RGB 1mage). A camera may be provided at the front
surtace 1n addition to the outer camera 9 at the back surface.
The outer camera 9 at the back surface may not be provided,
and a camera may be provided at the front surface (the surface
at which the screen of the display 2 1s provided).

[0087] FIG.41sablock diagram showing an example of the
internal configuration of the portable electronic apparatus 1.
As shown 1n FIG. 4, 1n addition to each section described
above, the portable electronic apparatus 1 includes a vibrator
11, a microphone 12, a speaker 13, a control section 14, a
communication section 15, an attitude detection section 16, a
GPS recewver 17, and a geomagnetic sensor 18. In addition,
the portable electronic apparatus 1 includes a battery which 1s
not shown, and 1s supplied with power from the battery. These
respective sections are housed 1n the housing 10.

[0088] The control section 14 1s connected to the respective
sections such as the display 2, the touch panel 3, the infrared
camera 4, the distance measuring sensor 5, the input button 6,
the 1rradiation section 7, the projector 8, the vibrator 11, the
microphone 12, the speaker 13, the communication section
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15, the attitude detection section 16, the GPS receiver 17, and
the geomagnetic sensor 18, and controls the respective sec-
tions.

[0089] Specifically, the control section 14 includes a CPU,
amemory, and the like, and performs a predetermined process
on the basis of a predetermined program (e.g., application
programs for performing game processing, image processing,
and various calculations) stored in a storage unit (e.g., a
nonvolatile memory, a hard disk, etc.) which 1s provided in the
portable electronic apparatus 1 and not shown. For example,
the control section 14 acquires an 1image from the infrared
camera 4 and analyzes the image; calculates the distance to an
object on the basis of a signal from the distance measuring
sensor 3; and performs a process corresponding to an input
signal from the touch panel 3 or the input button 6. The
control section 14 generates an 1mage based on a result of a
predetermined process, and outputs the 1image to the display
2. A program for performing the predetermined process may
be downloaded from the outside via the communication sec-
tion 15.

[0090] The vibrator 11 operates on the basis of an 1nstruc-
tion from the control section 14, to vibrate the entire portable
electronic apparatus 1. The vibrator 11 1s provided at a pre-
determined position (e.g., at a center portion within the hous-
ing 10 or a position shufted left or right therefrom) from which
vibration 1s easily transmitted to the hands of the user.

[0091] The microphone 12 and the speaker 13 are used for
inputting and outputting sound. The communication section
15 15 used for performing communication with another appa-
ratus by a predetermined communication method (e.g., a
wireless LAN, etc.). The attitude detection section 16 1s, for
example, an acceleration sensor or an angular velocity sensor,
and detects the attitude of the portable electronic apparatus 1.

[0092] The GPS recerver 17 recerves a signal from a GPS
(Global Positioning System) satellite, and the portable elec-
tronic apparatus 1 can calculate the position of the portable
electronic apparatus 1 on the basis of the received signal. For
example, when a predetermined operation (e.g., a gesture
input using the infrared camera 4 described later, a button
input, or amotion of shaking the portable electronic apparatus
1) 1s performed at a specific position, the portable electronic
apparatus 1 may display an object associated with the specific
position. For example, in the case where a game 1s played with
the portable electronic apparatus 1, when the portable elec-
tronic apparatus 1 1s present at a specific position, an object
associated with the specific position may be caused to appear
in the game.

[0093] The geomagnetic sensor 18 1s a sensor capable of
detecting the direction and the magnitude of magnetism. For
example, the portable electronic apparatus 1 determines
whether the portable electronic apparatus 1 1s directed 1n a
specific direction, on the basis of a detection result of the
geomagnetic sensor 18. When a predetermined operation (the
above-described gesture input, etc.) 1s performed 1n the spe-
cific direction, the portable electronic apparatus 1 may dis-
play an object. For example, when a game 1s played with the
portable electronic apparatus 1, an object corresponding to
the specific direction may be caused to appear in the game. In
addition, the portable electronic apparatus 1 may use a com-
bination of GPS information obtained by using the GPS
receiver 17 and direction information obtained by using the
geomagnetic sensor. For example, when the portable elec-
tronic apparatus 1 1s present at a specific position and directed
in a specific direction, the portable electronic apparatus 1 may
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display an object corresponding to the specific position and
the specific direction, or may cause the object to appear 1n a
game.

[0094] FIG. 5 1s a diagram showing an example of a use
state of the portable electronic apparatus 1 when the user
holds the portable electronic apparatus 1 with both hands. As
shown 1n FIG. §, the user holds both left and right end portions
of the portable electronic apparatus 1. When the user holds
both left and right end portions, the user can press the input
button 6B with the thumb of their left hand, and can press the
input button 6 A with the thumb of their right hand. In addi-
tion, when the user holds both left and right end portions, the
user can move the index finger or the middle finger of their left
hand to press the iput button 6D with the index finger or the
middle finger of their left hand, and can move the index finger
or the middle finger of their right hand to press the nput
button 6C with the index finger or the middle finger of their
right hand.

[0095] Next, an input with respect to the portable electronic
apparatus 1 will be described. In the present embodiment, the
user can perform a gesture input with respect to the portable
electronic apparatus 1 by using their right hand 1n a state of

holding the portable electronic apparatus 1 with their left
hand.

[0096] FIGS. 6A and 6B are each a diagram showing a state
where the user performs a gesture imput by using their right
hand 1n the right side surface direction of the portable elec-
tronic apparatus 1. FIG. 7A 1s a diagram showing an example
of an 1mage captured by the infrared camera 4 when the
gesture mput shown 1n FIG. 6A 1s performed. FIG. 7B 1s a
diagram showing an example of an 1image captured by the
infrared camera 4 when the gesture input shown 1n FIG. 6B 1s
performed.

[0097] As shown in FIGS. 6A and 6B, the user performs
various gesture inputs by using their right hand at a positionin
the right side surface direction of the portable electronic
apparatus 1. The portable electronic apparatus 1 captures an
infrared image by the infrared camera 4 provided at the right
side surface of the portable electronic apparatus 1, and ana-
lyzes the captured infrared image, thereby 1dentifying a ges-
ture input performed by the user.

[0098] Specifically, when the image shown in FIG. 7A or
7B 1s acquired from the infrared camera 4, the portable elec-
tronic apparatus 1 detects a specific object (specifically, a
human hand) included 1n the acquired image, and 1dentifies
the type of a gesture made by the user, on the basis of the
shape or the like of the specific object. For example, the
portable electronic apparatus 1 determines whether an object
having a predetermined shape 1s present in the acquired
image, through pattern matching or the like. For example,
when the 1image shown 1n FIG. 7A 1s acquired, the portable
electronic apparatus 1 canrecognize “rock™ onthe basis of the
number of raised fingers. When the image shown 1n FIG. 7B
1s acquired, the portable electronic apparatus 1 can recognize
“paper’” on the basis of the number of raised fingers. Then, the
portable electronic apparatus 1 performs a process corre-
sponding to the type of the gesture as described later.

[0099] Here, examples of gestures to be identified include
body gestures and hand gestures using a part or the entirety of
the body such as the hands and the face of the user, and the
portable electronic apparatus 1 may recognize, as a gesture
input, a state where a hand or the like remains still, or may
recognize, as a gesture input, a series of motions using a hand.
In addition, the portable electronic apparatus 1 may recognize
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a gesture mput performed 1n a state where the user holds an
object. In this case, the portable electronic apparatus 1 may
recognize, as a gesture mput, a state where only the object
held by the user remains still or 1s moved, or may recognize,
as a gesture mput, a state where both the hand of the user and
the object remain still or are moved.

[0100] The portable electronic apparatus 1 of the present
embodiment calculates the distance between the portable
electronic apparatus 1 and an object by using the distance
measuring sensor 3 as described later, and performs a process
on the basis of the calculated distance. For example, on the
basis of information from the distance measuring sensor 3,
the portable electronic apparatus 1 detects whether an object
1s present in the right side surface direction of the portable
electronic apparatus 1, or detects the distance between the
portable electronic apparatus 1 and an object, thereby
enabling a movement of the object 1n the right side surface
direction to be detected. For example, when the distance
detected by the distance measuring sensor S has changed
within a predetermined time period, the portable electronic
apparatus 1 can recognize that the user 1s swinging their hand
right and left in the right side surface direction of the portable
electronic apparatus 1. In addition, when an object has been
detected and has not been detected by the distance measuring
sensor 5 within a predetermined time period, the portable
clectronic apparatus 1 can recognize that the user 1s swinging
their hand up and down. Then, the portable electronic appa-
ratus 1 performs a predetermined process 1n accordance with
the movement of the detected object, and displays a result of
the process on the display 2.

[0101] As described above, 1n the present embodiment, by
detecting a specific object in the right side surface direction of
the portable electronic apparatus 1 using the infrared camera
4 and/or the distance measuring sensor 3, 1t 1s possible to
identify various gesture inputs with respect to the portable
electronic apparatus 1 and display, on the display 2, a result of
a process corresponding to each input.

[0102] Here, each of the infrared camera 4 and the distance
measuring sensor 3 has a recognizable range where an object
can be recognmized. FIG. 8 1s a diagram showing the recogniz-
able range of the infrared camera 4. FIG. 9 1s a diagram
showing the recognizable range of the distance measuring
sensor 3.

[0103] As shown in FIG. 8, the infrared camera 4 has a
predetermined angle of view 0. The inifrared camera 4 cap-
tures an 1mage 1n a range (e.g., a range of several tens to 180
degrees) included 1n the angle of view 0 of the infrared cam-
era 4, 1n the right side surface direction of the portable elec-
tronic apparatus 1, and this range 1s a recognizable range for
a gesture mput using the infrared camera 4. Here, when the
distance between the portable electronic apparatus 1 and an
object to be recognized 1s excessively short, an 1image of the
entire object cannot be captured by using the infrared camera
4. Therefore, 1n the range included in the angle of view 0, an
area away from the portable electronic apparatus 1 by a pre-
determined distance d 1s the recognizable range of the 1nfra-
red camera 4. It should be noted that the distance d depends on
the size of an object to be recognized.

[0104] Asshownin FIG.9, the distance measuring sensor 5
detects whether an object 1s present 1n the right side surface
direction of the portable electronic apparatus 1, and measures
the distance to the object. For example, the distance measur-
ing sensor 3 1s capable of detecting a distance of about several
centimeters to 1 m. Unlike the infrared camera 4, the recog-
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nizable range of the distance measuring sensor 3 substantially
linearly extends in the right side surface direction from the
vicinity of the portable electronic apparatus 1. That 1s, the
distance measuring sensor 3 detects an object present at a
position located substantially on a straight line extending in
the detection direction, and has very high directivity. On the
other hand, the infrared camera 4 captures an 1mage of an
object present 1n a range which widens to some extent, and
has low directivity.

[0105] Next, a process based on a gesture input detected by
using the infrared camera 4 and the distance measuring sensor

5 will be described.

[0106] FIGS. 10A to 10D are each a diagram showing an
example of a process based on a gesture input using the
infrared camera 4. As shown in FIG. 10A, when the user
makes their right hand into “rock” at a predetermined position
in the right side surface direction of the portable electronic
apparatus 1 while holding the portable electronic apparatus 1
with their left hand, a character 21 1s displayed on the display
2. As shown 1n FIG. 10B, when, from the state of FIG. 10A,
the user moves their right hand toward the right side surface of
the portable electronic apparatus 1 while their right hand 1s
kept as “rock”, the character 21 displayed on the display 2 1s
enlarged.

[0107] Furthermore, when, from the state shown in FIG.
10B, the user makes their right hand 1nto “paper”, the facial
expression of the character 21 on the display 2 changes (FIG.
10C). For example, as shown 1n FIG. 10C, the character 21
changes to have a smile expression. Moreover, as shown 1n
FIG. 10D, when the user moves their right hand toward the
portable electronic apparatus 1 while their right hand 1s kept
as “paper”’, the displayed character 21 1s further enlarged, and
the facial expression of the character 21 changes. At that time,
the vibrator 11 may operate to vibrate the portable electronic

apparatus 1, and a sound may be outputted from the speaker
13.

[0108] FIG. 11A 1s a diagram showing an example of an
input 1mage captured by the infrared camera 4 when the
gesture input shown in FIG. 10A 1s performed. FIG. 11B 1s a
diagram showing an example of an input 1image captured by
the infrared camera 4 when the gesture input shown 1n FIG.
10B 1s performed. FIG. 11C 1s a diagram showing an example
of an input image captured by the infrared camera 4 when the
gesture input shown in FIG. 10C 1s performed. FIG. 11D 1s a
diagram showing an example of an 1image captured by the
infrared camera 4 when the gesture mput shown i FIG. 10D
1s performed.

[0109] When the imput image shown in FIG. 11A 1s

acquired from the infrared camera 4, the portable electronic
apparatus 1 detects an object 30 included in the acquired input
image, and 1dentifies the type of a gesture on the basis of the
shape of the detected object 30. In the portable electronic
apparatus 1, types of gestures and characters 21 to be dis-
played on the display 2 are stored so as to be associated with
cach other 1n advance. The portable electronic apparatus 1
displays an 1mage of the character 21 corresponding to the
identified type of the gesture, on the display 2 (FIG. 10A).
Depending on the 1dentified type of the gesture, the vibrator
11 may be operated to vibrate the portable electronic appara-
tus 1.

[0110] Next, when the input image shown in FIG. 11B 1s
acquired, the portable electronic apparatus 1 detects the
object 30 included 1n the acquired input image, and 1dentifies
the type of a gesture on the basis of the shape of the detected
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object 30. In FIG. 11B, the gesture 1s identified to be the same
as 1 FIG. 11A, and thus an image of the character 21 dis-
played on the display 2 1s the same 1image as in FIG. 10A (FIG.
10B). However, as the object (the right hand of the user)
moves toward the portable electronic apparatus 1, the char-
acter 21 displayed on the display 2 1s enlarged. Specifically,
the portable electronic apparatus 1 sets a size of the image of
the character 21 to be displayed on the display 2, by compar-
ing the size of the object 30 included 1n the input image shown
in FIG. 11 A with the size of the object 30 included in the input
image shown in FIG. 11B. In this manner, the portable elec-
tronic apparatus 1 determines a relative distance (relative
position) between the portable electronic apparatus 1 and a
specific object on the basis of the size of the specific object
included 1n an 1image acquired from the infrared camera 4, and
sets a size of the character 21 to be displayed on the display 2,
in accordance with the relative distance. At that time, depend-
ing on the relative distance, the portable electronic apparatus
1 may be vibrated.

[0111] Next, when the input 1image shown in FIG. 11C 1s
acquired from the infrared camera 4, the portable electronic
apparatus 1 detects the object 30 included 1n the input 1mage,
and 1dentifies the type of a gesture on the basis of the shape of
the detected object 30. The portable electronic apparatus 1
identifies the gesture as “paper” on the basis of the shape of
the object 30 included in the input image shown in FIG. 11C,
and displays an 1image of the character 21 different from those
in FIGS. 10A and 10B, on the display 2 as shown 1n FIG. 10C.
A size of the character 21 to be displayed at that time may be
set to be the same as the last-set size of the character 21, or
may be set on the basis of the size of the object included 1n the
input 1mage.

[0112] Furthermore, when the input 1image shown in FIG.
11D 1s acquired from the infrared camera 4, the portable
electronic apparatus 1 detects the object 30 included 1n the
input image, and 1dentifies the type of a gesture on the basis of
the shape of the detected object 30. However, 1n FIG. 11D, a
part of the object 30 lacks, and the portable electronic appa-
ratus 1 cannot accurately identify the type of the gesture.
Thus, as shown 1n FIG. 10D, the portable electronic apparatus
1 displays, on the display 2, the character 21 in a form 1ndi-
cating that the type of the gesture cannot be identified. In
addition, 1n order to notify the user of the detection error, the
portable electronic apparatus 1 1s vibrated or a warning sound
1s outputted.

[0113] Asshown in FIGS. 10A to 10D, the user performs a
gesture mnput with respect to the portable electronic apparatus
1 by moving their right hand. However, even when the user
fixes their right hand 1n place and moves the portable elec-
tronic apparatus 1 1tself, it 1s determined that a gesture input
has been performed. In order to avoid this, for example, the
portable electronic apparatus 1 may detect a movement of the
portable electronic apparatus 1 1tself by using an acceleration
sensor or an angular velocity sensor; and 1f the amount of the
movement of the portable electronic apparatus 1 itself 1s equal
to or greater than a predetermined threshold, the portable
clectronic apparatus 1 may determine that a gesture input has
not been performed. For example, the portable electronic
apparatus 1 may determine whether the portable electronic
apparatus 1 itself 1s moving, by using a detection value from
the acceleration sensor or the like; and 11 the portable elec-
tronic apparatus 1 determines that the portable electronic
apparatus 1 1tself 1s moving in the rightward direction in FIG.
10A, the portable electronic apparatus 1 may determine that a



US 2016/0073017 Al

gesture imput of moving the right hand leftward has not been
determined. In addition, for example, when a movement of
the right hand 1s detected on the basis of an 1mage acquired
from the infrared camera 4 and a movement of the portable
electronic apparatus 1 1tself 1s detected by using the accelera-
tion sensor or the like, a process of cancelling the movement
of the right hand detected on the basis of the 1mage may be
performed 1n accordance with the movement of the portable
electronic apparatus 1 itself, and the character 21 may be
displayed on the basis of a movement of the right hand cal-
culated through this process. That 1s, predetermined informa-
tion processing may be performed on the basis of the move-
ment of the rnght hand based on the image acquired from the
infrared camera 4 and the movement of the portable elec-
tronic apparatus 1 1itself detected by using the acceleration
sensor or the angular velocity sensor. In addition, the portable
electronic apparatus 1 may determine whether the portable
electronic apparatus 1 1tself 1s moving, on the basis of an
image from the outer camera 9; and 11 the portable electronic
apparatus 1 itself 1s moving, the portable electronic apparatus
1 may determine that a gesture input has not been performed.

[0114] FIGS. 12A and 12B are each a diagram showing
another example of a process based on a gesture input using
the infrared camera 4. In this example, a calculation question
1s displayed on the display 2. The user answers the question
displayed on the display 2, by using their right hand. For
example, when a character string “1+4=?" 1s displayed as
shown 1 FIG. 12A, 11 the user performs, by using their right
hand, a gesture input (a gesture of “paper”) indicating “5
which 1s the correct answer of this question, a display 1ndi-
cating that the answer 1s correct 1s performed on the display 2.
At that time, a sound indicating that the answer 1s correct may
be outputted, or the vibrator 11 may be operated 1n a pattern
indicating that the answer 1s correct, to vibrate the portable
electronic apparatus 1.

[0115] When a character string “1+1=7" 1s displayed as
shown 1n FIG. 12B, if the user performs, by using their right
hand, a gesture input (an mnput of “5” by a gesture) different
from the correct answer of this question, a display indicating
the answer 1s 1ncorrect 1s performed on the display 2. At that
time, a sound indicating that the answer 1s 1incorrect may be
outputted, or the vibrator 11 may be operated 1n a pattern
indicating that the answer 1s incorrect.

[0116] As described above, the portable electronic appara-
tus 1 1dentifies a gesture mput performed by the user, on the
basis of an mmput 1image from the infrared camera 4, and
determines whether a question has been correctly answered.
Then, the portable electronic apparatus 1 displays a result of
the determination on the display 2. For example, the portable
clectronic apparatus 1 sequentially displays a plurality of
questions within a predetermined time period, and the user
answers the displayed questions through gestures using their
right hand. Then, for example, a score 1s displayed on the
display 2 on the basis of the number of questions correctly
answered within the predetermined time period.

[0117] Next, an example of a process using the distance
measuring sensor 5 will be described. FIG. 13 1s a diagram
showing the example of the process using the distance mea-
suring sensor 5. As shown 1n FIG. 13, when the user puts their
right hand at a predetermined position in the right side surface
direction of the portable electronic apparatus 1 while holding
the portable electronic apparatus 1 with their left hand, a
snake character 22 appears from the right edge of the display
2. When the user moves their right hand toward the portable
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clectronic apparatus 1, the snake character 22 extends left-
ward from the right edge of the display 2. Specifically, the
portable electronic apparatus 1 calculates the distance
between the portable electronic apparatus 1 and the right hand
of the user on the basis of information from the distance
measuring sensor 3, and sets a length of the snake character 22
in accordance with the calculated distance. Then, the portable
electronic apparatus 1 displays the snake character 22 on the
display 2. In addition, depending on the distance, the portable
clectronic apparatus 1 may operate the vibrator 11 to vibrate
the portable electronic apparatus 1.

[0118] As described above, the portable electronic appara-
tus 1 calculates the distance between the portable electronic
apparatus 1 and an object present 1n the right side surface
direction of the portable electronic apparatus 1 by using the
distance measuring sensor 5, and displays an 1mage corre-
sponding to the calculated distance, on the display 2. In the
process using the distance measuring sensor 3, a predeter-
mined process 1s performed on the basis of whether an object
1s present and/or the distance to the object. In addition, as
described above, a movement of an object 1n the right side
surface direction of the portable electronic apparatus 1 1s
detected on the basis of detection of the object or a change 1n
the distance to the object within a predetermined time period,
and a predetermined process 1s performed 1n accordance with
the detection of the movement.

[0119] Next, an example of output using the projector 8 will
be described. FIG. 14 1s a diagram showing a state where an
image corresponding to a gesture imnput performed by the user
1s projected onto the hand of the user by using the projector 8.
As shown 1n the upper part of FIG. 14, for example, when the
user makes their right hand into “paper” at a predetermined
position 1n the right side surface direction of the portable
electronic apparatus 1, the character 21 1s projected onto the
right hand of the user. Specifically, the portable electronic
apparatus 1 analyzes an input image captured by the infrared
camera 4, thereby identifying the type of the gesture mnput
performed by the user. Next, the portable electronic apparatus
1 generates an 1mage of the character 21 on the basis of the
identified gesture input, and outputs the image of the charac-
ter 21 by using the projector 8. At that time, the same (or a
different) image may be outputted also to the display 2.

[0120] As shown in the lower part of FIG. 14, when the
right hand 1s moved away from the portable electronic appa-
ratus 1, for example, the image of the character 21 1s projected
onto the right hand of the user by using the projector 8 such
that the size of the character 21 projected on the right hand
does not changes. Specifically, the portable electronic appa-
ratus 1 analyzes an image captured by the infrared camera 4
thereby to i1dentify the gesture input performed by the user,
and generates an 1image corresponding to a result of the 1den-
tification. In addition, the portable electronic apparatus 1 sets
a size of the image to be outputted, on the basis of the size of
the hand included 1n the input image from the infrared camera
4. Moreover, the portable electronic apparatus 1 may seta size
of the 1image to be outputted, on the basis of the distance
measured by the distance measuring sensor 5 instead of or in
addition to the mnput image from the infrared camera 4. Then,
the portable electronic apparatus 1 projects the image having
the set size by using the projector 8. At that time, the same (or
a different) 1mage may be outputted also to the display 2.
When the user makes a gesture (e.g., “rock™) different from
that 1n FIG. 14 by using their right hand, an image different
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from that 1n FIG. 14 1s projected onto the right hand. That 1s,
a different 1image 1s projected in accordance with the type of
the gesture.

[0121] For example, the portable electronic apparatus 1
sequentially displays, on the display 2, gestures which the
user 1s caused to make. When the user makes the same gesture
as the displayed gesture within a predetermined time period,
it 1s determined as success; and when the user makes a gesture
different from any displayed gesture, 1t 1s determined as fail-
ure. Then, the portable electronic apparatus 1 outputs an
image from the projector 8 1in accordance with a result of the
determination, thereby projecting an 1mage corresponding to
the result of the determination, onto the hand of the user.

[0122] It should be noted the hand of the user may be

tracked by capturing an 1mage of the hand of the user with the
infrared camera 4, and the projector 8 may be controlled such
that an 1mage 1s projected onto the hand of the user. The
projector 8 1s capable of projecting an 1mage to a predeter-
mined range. The portable electronic apparatus 1 acquires an
image from the infrared camera 4 at a predetermined time
interval, recognizes the position of the hand of the user on the
basis of the image, and sets a position onto which an 1image 1s
projected. For example, 1n a state where the 1mage 1s pro-
jected on the hand of the user as shown 1n the lower part of
FIG. 14, when the hand 1s moved upward, the portable elec-
tronic apparatus 1 detects the upward movement of the hand
on the basis of the image from the infrared camera 4. On the
basis of a result of the detection, the portable electronic appa-
ratus 1 projects an image of the character by using the pro-
jector 8 onto the user’s hand that has moved. As described
above, by acquiring an image from the infrared camera 4 at a
predetermined time interval, even when the hand of the user
moves, the portable electronic apparatus 1 1s able to project an
image onto the hand of the user so as to follow the movement
of the hand of the user. In addition, the portable electronic
apparatus 1 1s able to continuously project an 1image 1n accor-
dance with a gesture continuously made by the user.

[0123] A range where a gesture input can be performed by
the user may be notified the user of by emitting light in the
right side surface direction of the portable electronic appara-
tus 1 using the projector 8. For example, when an image of the
entire hand of the user can be captured by the infrared camera
4, blue light may be emitted; and when an 1mage of only a part
of the hand of the user can be captured by the infrared camera
4, red light may be emitted. That 1s, by emitting light from the
projector 8 1n a range which 1s the same as or similar to the
imaging range (angle of view) of the infrared camera 4, the
user can be caused to recognize the range where a gesture
input can be performed, thereby guiding the user. The por-
table electronic apparatus 1 may include a light source (e.g.,
an LED, a halogen lamp, a fluorescent lamp, an EL lamp, etc.)
which emits predetermined light instead of the projector 8
capable of projecting an image, and the range where a gesture
input can be performed may be notified the user of by emitting
light from the light source.

[0124] As described above, 1n the present embodiment, not
only an input using the infrared camera 4 or the distance
measuring sensor 5 but also output by light using the projector
8 are enabled to be performed from the side surface direction
of the portable electronic apparatus 1.

[0125] As described above, 1n the present embodiment, the
infrared camera 4 and the distance measuring sensor 5 are
provided at the right side surface of the portable electronic
apparatus 1, the user performs various gesture imputs with
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their right hand while holding the portable electronic appa-
ratus 1 with their left hand, and a predetermined process
corresponding to each gesture input 1s performed. Since the
infrared camera 4 and the distance measuring sensor 5 are
provided at the right side surface, while holding the portable
electronic apparatus 1 with one hand and viewing the display
2, the user 1s allowed to perform a gesture input with the other
hand without an uncomfortable feeling.

[0126] For example, in the case where the infrared camera
4 and the distance measuring sensor 5 for a gesture input are
provided at the TS surface (front surface) at which the screen
of the display 2 1s provided, when the user performs a gesture
input, their hand overlaps the screen of the display 2, thereby
decreasing the visibility of the display 2. In addition, 1n the
case where the infrared camera 4 and the distance measuring
sensor 5 for a gesture mput are provided at the T6 surface
(back surface) which 1s opposite to the screen of the display 2,
the user performs a gesture input behind the screen, so that the
user cannot see their right hand and has difficulty 1n perform-
Ing a gesture nput.

[0127] However, in the portable electronic apparatus 1 of
the present embodiment, the infrared camera 4 and the dis-
tance measuring sensor 3 for a gesture iput are provided at
the side surface of the display 2. Thus, even when the user
performs a gesture input with their right hand, the screen and
the right hand do not overlap each other, so that the user can
perform the gesture input without decreasing the visibility of
the screen. In addition, since the infrared camera and the like
are provided at the side surface of the display 2, while holding
the portable electronic apparatus 1 with one hand, the user 1s
allowed to perform a gesture input with the other hand with
respect to the portable electronic apparatus 1, and 1s allowed
to perform an mput with respect to the portable electronic
apparatus 1 such that the portable electronic apparatus 1 1s
sandwiched between both hands in the right-left direction,
and confirm output (1mage display) corresponding to the
input. Thus, 1t 1s possible to provide, to the user, a new feeling
of operation and use of the portable electronic apparatus
which feeling 1s not provided 1n the conventional art.

[0128] FIG. 15 1s a diagram showing a state where the user
performs various gesture inputs with their right hand with
respect to the portable electronic apparatus 1 while holding
the portable electronic apparatus 1 with their left hand. As
shown 1n FIG. 15, the user can perform an input from the side
surtace direction with respect to the portable electronic appa-
ratus 1 by moving their right hand toward or away from the
portable electronic apparatus 1 in the right-left direction,
moving their right hand up and down, rotating their right
hand, or extending and bending any finger of the five fingers
of the nght hand. By performing an mnput from the side
surface direction, the user 1s allowed to more strongly feel that
the user performs the input with respect to the portable elec-
tronic apparatus 1.

[0129] The user performs a gesture input from the right
hand direction while viewing the screen of the display 2, and
1s allowed to view an 1image displayed on the display 2 as a
result of the gesture input. That 1s, at the same time when the
user views the screen of the display 2, the right hand with
which a gesture input 1s performed comes 1nto the user’s field
of vision, and the user 1s allowed to simultaneously view an
input using their right hand and output from the display 2.
Thus, the user 1s allowed to more naturally perform a gesture
input and confirm output corresponding to the gesture input.
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[0130] In the portable electronic apparatus 1 of the present
embodiment, the infrared camera 4 1s used, a normal camera
which captures an 1image (RGB 1mage) of visible light 1s not
used, and thus the portable electronic apparatus 1 has robust-
ness. That 1s, 1n the case where a normal camera 1s used,
depending on the brightness of the external environment (in-
tensity of visible light), it may be impossible to obtain an
input 1mage suitable for image recognition due to an exces-
stvely large or small amount of light. In addition, when a
human hand 1s recognized in the case where a normal camera
1s used, the hand 1s recognized on the basis of the shape of the
hand and the skin color of the hand, but it may be impossible
to recognize the human hand depending on the color of light
in the external environment. That 1s, depending on the exter-
nal environment, 1t may be impossible to obtain an 1image in
which a specific object (e.g., the user’s hand) 1s detectable.
However, 1n the case where the infrared camera 4 1s used, 1t 1s
possible to obtain an input 1mage which 1s not influenced by
the external environment and 1s suitable for image recogni-
tion, by transmitting infrared light from the 1rradiation section
7 (infrared light that 1s emitted from the 1rradiation section 7
and reflected on an object) while blocking visible light with a
filter. In particular, the amount of infrared light decreases 1n
an 1ndoor space 1n which sunlight 1s blocked, and a specific
object 1s irradiated with the infrared light from the 1irradiation
section 7, thereby enabling a clear image, which 1s not influ-
enced by the external environment and includes the specific
object, to be obtained. In addition, also 1n an outdoor space,
for example, at night, the specific object 1s irradiated with the
infrared light from the irradiation section 7, thereby enabling
an 1mage, which 1s required for 1mage recognition, to be
obtained.

Description of Flowcharts

[0131] Next, an example of a process performed in the
portable electronic apparatus 1 will be described. F1G. 16 1s a
flowchart showing an example of the process performed 1n the
portable electronic apparatus 1. The process shown in FIG. 16
1s performed by the control section 14 executing a predeter-
mined program. In addition, the process shown 1n FIG. 16 1s
repeatedly performed at a predetermined time interval (e.g.,
every Yso second).

[0132] Asshownin FIG.16,1n step S10, the control section
14 acquires an mput 1mage from the inirared camera 4. Spe-
cifically, the control section 14 causes the irradiation section
7 to emit infrared light, and acquires an input 1image captured
by the infrared camera 4. Next, the control section 14 acquires
detection information from the distance measuring sensor 3
(step S11).

[0133] Next, the control section 14 performs predeter-
mined information processing (step S12). Here, as the prede-
termined information processing, any of the following 1s con-
ceivable: a process using the input 1image from the infrared
camera 4; a process based on the detection information from
the distance measuring sensor 5; and a process using both the
infrared camera 4 and the distance measuring sensor 5. The
predetermined information processing in step S12 will be
described later with reference to FIGS. 17 to 19.

[0134] Adfter the processing 1n step S12, the control section
14 outputs an 1image based on a result of the predetermined
information processing in step S12 to the display 2 and/or the
projector 8 (step S13). Then, the control section 14 deter-
mines whether to end the process shown i FIG. 16 (step
S14). If the control section 14 determines not to end the
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process, the control section 14 performs the process 1n step
S10 again. If the control section 14 determines to end the
process, the control section 14 ends the process shown 1in FIG.
16.

[0135] Next, the predetermined information processing in
step S12 1n FIG. 16 will be described. As the predetermined
information processing, as described above, there are the
process using the image from the infrared camera 4, the
process based on the detection information from the distance
measuring sensor 5, and the process using both the infrared
camera 4 and the distance measuring sensor 5. Which of these
three processes 1s to be performed 1s determined on the basis
of the type of an application. Hereinatter, the respective pro-
cesses will be described with reference to FIGS. 17 to 19.

Predetermined Information Processing 1 Using
Infrared Camera 4

[0136] FIG. 17 1s a flowchart showing the predetermined
information processing in step S12 in FIG. 16 in the case
where the input image from the infrared camera 4 1s used. The
processing shown in FIG. 17 1s, for example, a process for
executing the application shown 1n FIG. 10 or 12.

[0137] As shown in FIG. 17, the control section 14 per-
forms i1mage recognition processing on the input image
acquired from the infrared camera 4 1n step S10 (step S20).
Specifically, the control section 14 detects a user’s hand (a
specific object) included 1n the input 1image from the infrared
camera 4, by using a predetermined 1image recognition tech-
nique.

[0138] Next, the control section 14 determines whether a
user’s hand has been detected in the 1mage recognition pro-
cessing (step S21). If a user’s hand i1s detected (step S21:
YES), the control section 14 identifies the type of a gesture
(step S22). Specifically, on the basis of the shape of the
detected user’s hand, the control section 14 1dentifies the type
of the gesture corresponding to the shape. Subsequently, the
control section 14 performs a process corresponding to a
result of the identification of the gesture (step S23). For
example, the control section 14 selects an 1mage correspond-
ing to the 1dentified type of the gesture, or performs a deter-
mination as to right or wrong 1n a predetermined game (as to
whether the input is correct) in accordance with the identified
type of the gesture.

[0139] The content of the process 1n step S23 1s different
depending on the type of the program (application) to be
executed. For example, any game program may be executed
as the program. In addition, a program for performing an
operation (e.g., enlarging the screen, reducing the screen,
scrolling the screen, activating or ending a predetermined
application, setting the portable electronic apparatus 1, etc.)
with respect to the portable electronic apparatus 1, may be
executed. For example, when a program corresponding to the
process shown 1n FIG. 10 1s executed, the control section 14
sets a type of an 1mage to be outputted and sets a size of the
image, on the basis of the identified type of the gesture and the
s1ze of the user’s hand 1ncluded 1n the mput 1mage. In addi-
tion, for example, when a program corresponding to the pro-
cess shown 1n FIG. 12 1s executed, the control section 14
determines whether an answer made by the user 1s correct (a
correct gesture has been performed).

[0140] Next, the control section 14 generates an output
image 1n accordance with a result of the process 1n step S23
(step S24). The output 1mage generated here 1s outputted to
the display 2 and/or the projector 8 in step S13.
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[0141] On the other hand, if the control section 14 deter-
mines 1n step S21 that no specific object has been detected

(step S21: NO), the control section 14 ends the processing
shown 1n FIG. 17.

Predetermined Information Processing 2 Using
Distance Measuring Sensor 5

[0142] FIG. 18 1s a flowchart showing the predetermined
information processing in step S12 1n FIG. 16 1n the case
where a process based on the detection information from the
distance measuring sensor 5 1s performed. The processing
shown 1n FIG. 18 1s, for example, a process for executing the
application shown in FIG. 13.

[0143] As shown in FIG. 18, the control section 14 calcu-
lates the distance between an object and the portable elec-
tronic apparatus 1 on the basis of the detection information
acquired from the distance measuring sensor 5 in step S11
(step S30). Next, the control section 14 determines whether
the calculation of the distance has been accomplished (step
S31). It the calculation of the distance has not been accom-
plished (step S31: NO), that 1s, 11 no object has been detected,
the control section 14 ends the processing shown 1n FIG. 18.

[0144] If the calculation of the distance has been accom-
plished (step S31: YES), the control section 14 performs a
process corresponding to the distance (step S32).

[0145] The content of the process 1n step S32 1s different
depending on the type of the program (application) to be
executed. For example, any game program may be executed
as the program. In addition, a program for performing an
operation with respect to the portable electronic apparatus 1
may be executed. For example, when a program correspond-
ing to the process shown 1n FIG. 13 1s executed, the control
section 14 sets a length of the snake character 22 on the basis
of the calculated distance. In step S32, movement of the
object may be detected on the basis of distances calculated 1n
a predetermined past period. That 1s, when no object has been
detected or the calculated distance has changed in the prede-
termined past period, the control section 14 detects move-
ment of the object on the basis of a pattern of the change and
performs a process corresponding to the detected movement.

[0146] Then, the control section 14 generates an output
image 1n accordance with a result of the process in step S32
(step S33). The output 1mage generated here 1s outputted to
the display 2 and/or the projector 8 in step S13.

Predetermined Information Processing 3 Using
Infrared Camera 4 and Distance Measuring Sensor 5

[0147] Next, the predetermined information processing
using both the infrared camera 4 and the distance measuring
sensor S will be described. FIG. 19 1s a flowchart showing the
predetermined information processing in step S12 1n FIG. 16
when the process using the infrared camera 4 and the distance
measuring sensor 3 1s performed. In FIG. 19, the same pro-
cesses as those 1n FIGS. 17 and 18 are designated by the same
reference characters, and the description thereof 1s omitted.

[0148] As shown 1n FIG. 19, subsequent to the image rec-
ognition processing (step S20), if a user’s hand (specific
object) has been detected 1n the input image from the infrared
camera4 (step S21: YES), the control section 14 1dentifies the
type of a gesture (step S22). Subsequently, the control section
14 determines whether the type of the gesture has been nor-
mally 1dentified (step S40). For example, even if the specific
object has been detected 1n an 1mage included 1n the 1image
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from the infrared camera 4 as shown in FIG. 11D, when a part
of the specific object lacks, the control section 14 determines

“NO” 1n step S40.

[0149] If the gesture has been normally identified (step
S40: YES), the control section 14 performs a process corre-
sponding to a result of the identification (step S23).

[0150] On the other hand, i1 the gesture has not been nor-
mally identified (step S40: NO), or 11 no user’s hand has been
detected (step S21: NO), the control section 14 calculates a
distance on the basis of the detection information from the
distance measuring sensor 5 (step S30). Then, the control
section 14 determines whether the calculation of the distance
has been accomplished similarly to FIG. 18 (step S31). If the
calculation of the distance has been accomplished (step S31:
YES), the control section 14 performs a process correspond-
ing to the distance (step S32).

[0151] If the process 1n step S23 i1s performed, or if the
process 1n step S32 1s performed, the control section 14 gen-
erates an output 1image in accordance with a result of the
process 1n step S23 or the process 1n step S32 (step S41). That
1s, 1f the process 1n step S23 has been performed, an output
image corresponding to the process 1n step S23 1s generated;
and 1f the process 1n step S32 has been performed, an output
image corresponding to the process in step S32 1s generated.
The generated output 1mage 1s outputted to the display 2
and/or the projector 8 in step S13.

[0152] Asdescribed above, in the processing shown in FIG.
19, the process 1s performed by using both the infrared cam-
era 4 and the distance measuring sensor 5. In the processing
shown 1n FIG. 19, the infrared camera 4 and the distance
measuring sensor 3 have a complementary relationship with
cach other when the same process 1s performed. For example,
when the distance between the portable electronic apparatus
1 and the specific object 1s excessively short so that the ges-
ture input cannot be normally identified with the infrared
camera 4, a process 1s performed on the basis of a detection
result of the distance measuring sensor 5. That 1s, when a
specific object 1s present 1n an unrecognizable range of the
infrared camera 4, the specific object 1s detected by using the
distance measuring sensor 5. On the other hand, when a
specific object 1s present 1n an unrecognizable range of the
distance measuring sensor 5, the specific object may be
detected by using the infrared camera 4.

[0153] As described above, either of the infrared camera 4
or the distance measuring sensor 5 1s selected 1n accordance
with a detection state. Specifically, when a detection result of
one of the infrared camera 4 and the distance measuring
sensor 5 1s not suitable for a predetermined process, the same
process 1s performed by using a detection result of the other of
the infrared camera 4 and the distance measuring sensor 3,
whereby the infrared camera 4 and the distance measuring
sensor 5 can complement each other. Thus, 1t 1s possible to
more assuredly identify a gesture mnput performed by the user,
and 1t 1s possible to improve the operability.

[0154] When both the infrared camera 4 and the distance
measuring sensor S are used, a predetermined process may be
performed on the basis of detection results of both the infrared
camera 4 and the distance measuring sensor 5. That 1s, both
the infrared camera 4 and the distance measuring sensor 3
may be selected and used for a predetermined process. For
example, when a specific object 1s present in the recognizable
range of the infrared camera 4, a predetermined process may
be performed on the basis of an 1mage of the specific object
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detected with the infrared camera 4 and the distance to the
specific object calculated with the distance measuring sensor
5.

[0155] The processes shown in the flowcharts of the above-
described embodiment are merely an example, a part of the
processes may not be performed, and another process other
than the above-described processes may be added. In addi-
tion, the order of the processes may be any order.

[0156] As described above, 1n the portable electronic appa-
ratus 1 of the present embodiment, the infrared camera 4 and
the distance measuring sensor S5 are provided at the side
surface (right side surface) when the display 2 1s viewed from
the front surface, 1t 1s possible to perform a gesture input with
the hand of the user by using the infrared camera 4 and the
distance measuring sensor 5, and it 1s possible to output an
output 1mage corresponding to the gesture mput, to the dis-
play 2 and the projector 8. When the infrared camera 4 1s used,
it 1s possible to 1dentily various gestures at a position away
from the portable electronic apparatus 1 by a predetermined
distance. When the distance measuring sensor 5 1s used, it 1s
possible to determine whether an object 1s present also near
the portable electronic apparatus 1, and perform a predeter-
mined process on the basis of the distance between the object
and the portable electronic apparatus 1. In addition, 1t 1s
possible to perform a predetermined process by using both
the infrared camera 4 and the distance measuring sensor 3.
Then, 1t 1s possible to display an 1mage as a result of the
predetermined process on the display 2, project the image by
using the projector 8, or vibrate the portable electronic appa-
ratus 1 1n accordance with the result of the predetermined
process.

[0157] In the present embodiment, since the infrared cam-
era 4 and the distance measuring sensor 5 are used, it 1s
possible to recognize various gesture imputs at low cost while
power consumption 1s reduced. That 1s, the 1rradiation section
7 instantly emits infrared light at a predetermined time 1nter-
val 1 synchronization with the timing at which an 1mage 1s
captured by the infrared camera 4. For that reason, a clear
image can be captured even when the time period when light
1s emitted 1s short, and thus 1t 1s possible to reduce the power
consumption. In addition, when the distance measuring sen-
sor 5 1s used, 1t 1s not necessary to emit light 1n a wide range,
and the absolute distance to the object to be detected can be
calculated by only emitting light in a limited specific direc-
tion. Thus, 1t 1s possible to reduce the power consumption. For
example, when a distance 1image sensor capable of measuring
a distance for each pixel 1s used with a two-dimensional
image, the irradiation section needs to emit light 1n a wide
range. In addition, the electronic apparatus (or the control
section) needs to calculate a distance for each pixel, and thus
a processing load and power consumption increase. More-
over, the distance 1mage sensor 1s more expensive than the
distance measuring sensor. However, when the infrared cam-
era 4 and the distance measuring sensor 5 are used, it 1s
possible to 1dentify various gesture inputs while 1t 1s possible
to reduce the cost and power consumption.

Application Examples

[0158] In addition to the above-described process, the fol-
lowing processes may be performed by using the portable
electronic apparatus 1.

[0159] FIG. 20 1s a diagram showing an application
example of the process performed 1n the portable electronic
apparatus 1. For example, as shown 1n FIG. 20, when a ges-
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ture input of moving the right hand toward the portable elec-
tronic apparatus 1 1s performed, a ball appears from the right
edge of the screen of the display 2 and moves leftward 1n
accordance with the gesture input. At that time, the faster the
movement of the right hand 1s, the higher the moving speed of
the ball 1s. Specifically, the portable electronic apparatus 1
calculates the absolute distance to the object by using the
distance measuring sensor 3, calculates the speed of the
object on the basis of a change in the distance, and sets a
moving speed of the ball on the basis of the calculated speed.
In addition, for example, the portable electronic apparatus 1
may calculate a relative distance to the object on the basis of
an 1mage from the inifrared camera 4, and may calculate the
speed of the object on the basis of a change 1n the relative
distance. Then, when the user presses the input button 6B (or
touches the screen of the display 2) with their left hand at the
timing at which the ball reaches the left edge of the screen, the
ball bounces 1n the opposite direction. When the timing at
which the input button 6B 1s pressed deviates from the timing
at which the ball reaches the left edge of the screen, the ball
does no bounce 1n the opposite direction. When the user
presses the input button 6B with their left hand at the timing
at which the ball reaches the left edge of the screen, the ball
may bounce in the opposite direction, and the vibrator 11 may
be operated to provide vibration to the left hand, or a sound
may be outputted. An application for displaying an image on
the display 2 1n accordance with a gesture input performed
with the right hand and causing an 1input to be performed by
using the left hand after a predetermined time period elapses,
as described above, may be executed.

[0160] In another application example, for example, a pre-
determined 1mage may be displayed by using the outer cam-
era 9 and an mput using the infrared camera 4 and/or the
distance measuring sensor 5. Specifically, while an 1mage
captured by the outer camera 9 1s displayed on the display 2 1n
real time, a gesture mput performed by the user may be
detected by using the infrared camera 4 and/or the distance
measuring sensor 5, and an 1image corresponding to the ges-
ture iput may be displayed so as to be superimposed on the
image captured by the outer camera 9.

[0161] FIG. 21 1s a diagram showing an example of an
image displayed on the display 2 when a process using the
outer camera 9 and the infrared camera 4 and/or the distance
measuring sensor 3 1s performed.

[0162] As shown in FIG. 21, for example, a predetermined
marker 60 1s placed 1n the real space. When an image of the
marker 60 1s captured by the outer camera 9, the 1image
captured by the outer camera 9 (areal camera)1s displayed on
the display 2, and a virtual object 1s displayed so as to be
superimposed at the position of the marker included in the
captured 1image. The user operates the virtual object through
a gesture input with their right hand. For example, when the
user moves the right hand in the direction of an arrow 1n FIG.
21, the virtual object may move leftward. Specifically, the
portable electronic apparatus detects the position and the
attitude of the marker from the captured 1image acquired from
the real camera, and calculates a positional relation between
the real camera and the marker. The portable electronic appa-
ratus sets a coordinate system (e.g., a coordinate system hav-
ing an origin at the marker) of a virtual space on the basis of
the calculated positional relation, and sets a virtual camera in
the virtual space. For example, the virtual camera 1s placed at
a position, 1n the virtual space, corresponding to the position
of the real camera 1n the real space. In addition, the portable
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electronic apparatus places a virtual object at a predetermined
position (e.g., the origin) in the virtual space. Then, on the
basis of a gesture mput performed by the user, the virtual
object 1n the virtual space 1s operated, and an 1mage of the
virtual object 1s captured by the virtual camera. The image of
the virtual space obtained thus and the image of the real space
captured by the outer camera 9 are superimposed and dis-
played on the display 2.

[0163] For example, when an 1image including the marker
shown 1n FIG. 21 and a specific object 1s acquired from the
outer camera 9, the portable electronic apparatus performs
image recognition processing on the acquired image. On the
basis of a result of the 1mage recognition processing, the
portable electronic apparatus displays a fish object and a
fishing rod object (virtual objects) such that the fish object and
the fishing rod object are superimposed on the image of the
real space captured by the outer camera 9. At that time, when
the user makes a gesture 1n the right side surface direction of
the portable electronic apparatus as 1 rotating a reel on a
fishing rod, the portable electronic apparatus recognizes the
gesture. Then, the portable electronic apparatus performs, on
the display 2, a display in which fish 1s caught.

[0164] As described above, a process using the outer cam-
era 9 and the infrared camera 4 and/or the distance measuring
sensor S may be performed, and an 1mage obtained by com-
bining the real world and the virtual space may be displayed
on the display 2.

[0165] In another application example, a game may be per-
formed 1n which an 1image projected by the projector 8 and an
image displayed on the display 2 are linked to each other. FIG.
22 1s a diagram showing an example of the game 1n which the
projector 8 and the display 2 are linked to each other.

[0166] As shown in (A)of FIG. 22, a batter 1s displayed on
the display 2. When the user makes a gesture of “paper” with
their right hand, the portable electronic apparatus 1 recog-
nizes the gesture on the basis of an image from the infrared
camera 4, and projects an image of a ball onto the right hand
of the user by using the projector 8. Next, when the user
makes a gesture of swinging their right hand, the 1image of the
ball projected on the right hand of the user disappears, and the
ball appears from the right edge of the display 2 and moves in
the leftward direction of the screen ((B) of F1G. 22). When the
user presses the input button 6B at the timing at which the ball
reaches a predetermined range of the batter, the batter hits
back the ball ((C) of FIG. 22). The hit-back ball moves in the
rightward direction of the screen. The user makes a gesture of
“rock” at predetermined timing (timing at which the hit-back
ball reaches the right hand) after the ball reaches the right
edge of the display 2. Accordingly, an image of the ball 1s
projected onto the right hand of the user as 11 the user caught
the hit-back ball (D) of FIG. 22). At that time, characters
“OUT” indicating that the user 1s successiul 1n catching the
ball may be displayed on the display 2, and a sound may be
outputted, or the portable electronic apparatus 1 may vibrate.
The portable electronic apparatus 1 may recognize the posi-
tion of the right hand of the user (a position on a plane parallel
to the right side surface of the portable electronic apparatus,
and/or a position 1n a direction perpendicular to the right side
surface) on the basis of an 1image from the infrared camera 4
or a distance measured by the distance measuring sensor 5,
and may project an image of the ball onto the right hand of the
user 1n accordance with a result of the recognition. When the
user does not make a gesture of “rock™ at the above-described
predetermined timing or the timing at which the gesture of
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“rock” 1s made deviates from the above-described predeter-
mined timing, the user fails 1n catching the ball, and the image
of the ball as shown 1n (D) of FIG. 22 1s not projected onto the
right hand. For example, an image different from the ball may
be projected onto the right hand, or characters “ERROR” or
“HIT” may be displayed on the display 2. When a gesture
made by the user cannot be recognized with the infrared
camera 4, the same process as described above may be per-
formed by detecting movement of the hand with the distance
measuring sensor 3.

[0167] In another application example, the absolute dis-
tance to an object (unspecified object) may be calculated by
using the distance measuring sensor 3, and on the basis of the
calculated distance, an 1mage may be outputted to the display
2 or an 1mage may be projected by using the projector 8. For
example, 1n the application example shown in FIG. 22,
whether the ball 1s successtully caught may be determined on
the basis of the absolute distance to the right hand 1n catching,
and an 1mage corresponding to a result of the determination
may be displayed on the display 2. In addition, the position of
the specific object 1n a three-dimensional space may be
detected by detecting the position of the specific object from
the 1mage captured by the infrared camera 4 (its position on
the 1mage) and detecting the distance to the specific object
with the distance measuring sensor 5. Then, on the basis of the
position of the specific object 1n the three-dimensional space,
a predetermined process may be performed, and an 1mage
based on a result of the predetermined process may be dis-

played on the display 2 or may be projected with the projector
8.

[0168] In another application example, on the basis of an
image captured by the infrared camera 4, a distance (relative
distance) of the specific object may be calculated, and the
vibrator 11 may be vibrated 1n accordance with the calculated
distance. For example, when the distance to the object 1s
shorter or longer than a predetermined threshold, the vibrator
11 may be vibrated. In addition, the absolute distance to the
specific object may be calculated by using the distance mea-
suring sensor 3, and the vibrator 11 may be vibrated in accor-
dance with the calculated distance. In addition, movement of
the specific object (e.g., movement of the right hand or move-
ment of another object) may be detected by using the infrared
camera 4 and/or the distance measuring sensor 5, and the
vibrator 11 may be vibrated 1n accordance with the movement
ol the specific object. As a specific example, in accordance
with the user moving their right hand as if playing guitar, a
sound 1s outputted and the portable electronic apparatus 1 1s
vibrated. At that time, an 1image of guitar strings 1s displayed
on the display 2, and the sound may be changed when the
strings displayed on the display 2 are pressed with a finger of
the left hand. In such an application example, as the user
moves their right hand faster, a louder sound may be outputted
and the portable electronic apparatus 1 may be more strongly
vibrated.

[0169] Although a plurality of the examples of the process
using the infrared camera 4 and/or the distance measuring
sensor 5 have been described above, any other processes may
be performed. For example, a game may be executed 1n which
in accordance with a content instructed on the display 2 or
through a voice, the user 1s caused to make a gesture at
predetermined timing. In such a game, when a predetermined
gesture 1s made at the predetermined timing, points are added;
and when the timing at which a gesture 1s made by the user
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deviates from the predetermined timing or a gesture different
from a predetermined gesture 1s made, no points are added.

[0170] As described above, 1in the portable electronic appa-
ratus 1 of the present embodiment, a predetermined process 1s
performed 1n accordance with the type of the application to be
executed, and the infrared camera 4 and the distance measur-
ing sensor 5 are used for the predetermined process. For
example, 1n a certain application, an image from the infrared
camera 4 may be used for a predetermined process. In addi-
tion, 1n a certain application, a distance calculated by the
distance measuring sensor S 1s used for a predetermined pro-
cess. Moreover, 1n a certain application, both the infrared
camera 4 and the distance measuring sensor S are used for a
predetermined process. For example, in the case where an
application 1s executed 1n which a specific object (a predeter-
mined object) 1s detected and a process based on the detection
resultis performed, the infrared camera 4 1s used. On the other
hand, in the case where an application 1s executed 1n which an
unspecified object 1s detected and a process 1s performed
based the distance to the unspecified object, the distance
measuring sensor 3 1s used.

[0171] In a certain application, either one of the infrared
camera 4 or the distance measuring sensor 5 1s selected 1n
accordance with a detection state, and the selected one 1s used
for a predetermined process. For example, when a specific
object cannot be detected 1n an 1image from the infrared cam-
era 4 or the type of a gesture cannot be identified, the distance
measuring sensor 3 1s selected instead of the infrared camera
4. On the basis of information from the selected distance
measuring sensor 5, movement of the object 1s detected, and
predetermined information processing 1s performed 1n accor-
dance with the detected movement. That 1s, of the infrared
camera 4 and the distance measuring sensor 5, the infrared
camera 4 1s preferentially used for detecting an object. Then,
on the basis of a result of the predetermined information
processing, an 1image 1s displayed on the display 2 or pro-
jected with the projector 8. Of the infrared camera 4 and the
distance measuring sensor 5, the distance measuring sensor 3
may be preferentially used for detecting an object.

[0172] Inanother application example, when the user plays
a game while holding the portable electronic apparatus 1 with
both hands, 1f the user releases their right hand, the portable
electronic apparatus 1 may display a menu screen on the
display 2 instead of (or 1n addition to) a game 1image. The user
1s allowed to, for example, end the game being currently
executed, store a progress status of the game, execute another
game, or changes settings of the portable electronic apparatus
1, through an operation with the menu screen. Specifically,
the portable electronic apparatus 1 detects that the user has
released their right hand, by using the infrared camera 4 or the
distance measuring sensor 5. Then, when the portable elec-
tronic apparatus 1 detects that the user has released their right
hand, the portable electronic apparatus 1 pauses the game
processing being currently executed, and displays the menu
screen.

[0173] In the above-described portable electronic appara-
tus 1, the infrared camera 4, the distance measuring sensor 3,
and the like are disposed at the right side surface. However,
when the user performs a gesture input with their left hand,
the portable electronic apparatus 1 having the attitude shown
in FIG. 1 1s rotated 180 degrees (i.e., the portable electronic
apparatus 1 1 FIG. 1 1s turned upside down). The portable
electronic apparatus 1 detects, for example, gravity by using
the attitude detection section 16, thereby detecting that the
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portable electronic apparatus 1 has been rotated. Then, an
image to be displayed on the display 2 1s rotated 1n accordance

with the detected attitude of the portable electronic apparatus
1.

Modifications

[0174] The above-described embodiment 1s merely an
example, and, for example, the following modifications may
be made.

[0175] For example, the portable electronic apparatus 1
may detect various objects, other than the above-described
gesture inputs using the user’s hand, may perform predeter-
mined processes 1n accordance with detection results of the
objects, and may output results of the predetermined pro-
cesses to the display 2 or the projector 8. For example, an
input with respect to the portable electronic apparatus may be
performed by capturing, with the infrared camera 4, an image
ol a specific object present in the side surface direction. For
example, when the user performs an operation with respect to
the specific object, the position or attitude of the specific
object changes. When an 1image of the specific object 1s cap-
tured by the infrared camera 4, an operation performed by the
user with respect to the specific object can be detected. Then,
a result of a process corresponding to this operation 1s out-
putted to the display 2 or the like. In this case, the portable
electronic apparatus 1 may detect both the user’s hand and an
object held by the user, or may detect only the object.

[0176] The shape of the portable electronic apparatus 1
may be any shape. For example, the portable electronic appa-
ratus 1 (the display 2) may not be horizontally long, may be
vertically long, or may have a square shape. FIG. 23 1s a
diagram showing an example of a vertically long portable
clectronic apparatus 50. FIG. 24 1s a diagram showing an
example of a horizontally long portable electronic apparatus.
Although the mput button 6 1s not shown in FIG. 23, the
portable electronic apparatus 50 may include the input button
6. As shown 1n FIG. 23, the display 2 1s provided at the front
surface of the vertically long portable electronic apparatus 50,
and the infrared camera 4, the distance measuring sensor 5,
and the projector 8 are provided at the right side surface of the
portable electronic apparatus 50. As described above, also
with the portable electronic apparatus 50, by using the infra-
red camera 4 and the distance measuring sensor 5 provided at
the right side surface, the user 1s allowed to perform a gesture
input with their right hand from the right side surface direc-
tion of the portable electronic apparatus 50.

[0177] As described above, in the portable electronic appa-
ratus of the present embodiment, even when the screen 1s
vertically long or horizontally long, the infrared camera 4 and
the like are provided 1n the side surface direction (right-left
direction) when the screen 1s viewed from the front surface.
Here, the phrase “the screen 1s viewed from the front surface™
means that the screen 1s viewed such that a character string, an
image, or the like displayed on the screen of the display 2 can
be seen from an ordinary direction. For example, 1n FIG. 23,
when the portable electronic apparatus 1s held such that the
screen 1s vertically long, a character string “ABC” and an
image displayed on the screen can be viewed from the ordi-
nary direction, and thus this state 1s a state where the screen 1s
viewed from the front surface. In addition, for example, in
FIG. 24, when the portable electronic apparatus 1s held such
that the screen 1s horizontally long, a character string “ABC”
and an 1mage displayed on the screen can be viewed from the
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ordinary direction, and thus this state 1s a state where the
screen 1s viewed from the front surtace.

[0178] As used herein, the “side surface” may include a
bottom side surface facing downward and an upper side sur-
face facing upward when the screen 1s viewed from the front
surface as shown i FIGS. 23 and 24. That 1s, 1n the portable
electronic apparatus of the present embodiment, the infrared
camera 4, the distance measuring sensor 5, and the like may
be provided at the “upper side surface” facing upward or the
“bottom side surface” facing downward when the screen 1s
viewed from the front surface, or the infrared camera 4, the
distance measuring sensor 5, and the like may be provided at
the “left side surface” facing leftward or the “right side sur-
face” facing rightward when the screen 1s viewed from the
front surface.

[0179] The portable electronic apparatus of the present
embodiment may detect the attitude of the portable electronic
apparatus by using the attitude detection section 16, and may
rotate a character, an 1mage, or the like displayed on the
screen, 1n accordance with the detected attitude. FIG. 25 1s a
diagram showing a state where a portable electronic appara-
tus provided with the infrared camera 4, the distance measur-
ing sensor 5, and the like at a side surface when the screen 1s
viewed from the front surface 1s rotated rightward 90 degrees.

[0180] As shown in FIG. 25, when the portable electronic
apparatus 1s held such that the screen 1s horizontally long,
characters and an 1image on the screen are viewed from the
ordinary direction, and the infrared camera 4, the distance
measuring sensor 5, and the like are provided at the right side
surface when the screen 1s viewed from the front surface.
Meanwhile, when the portable electronic apparatus 1s rotated
rightward 90 degrees, the attitude detection section 16
detects, for example, gravity, whereby the portable electronic
apparatus detects the attitude of the portable electronic appa-
ratus. The portable electronic apparatus rotates the characters
and the image displayed on the display 2, 1n accordance with
aresult of the detection, such that the characters and the image
can be viewed from the front surface. That 1s, even after the
90-degree rightward rotation, the user can view the screen of
the portable electronic apparatus from the front surface. In
this case, the infrared camera 4, the distance measuring sen-
sor 5, and the like are located at the bottom side surface when
the screen of the portable electronic apparatus 1s viewed from
the front surface. Such a portable electronic apparatus 1s also
included in the scope of the present embodiment.

[0181] That 1s, depending on a manner 1n which the por-
table electronic apparatus 1s held, the infrared camera 4, the
distance measuring sensor 3, and the like may be located
downward of the screen or upward of the screen. When the
portable electronic apparatus 1s held 1n a certain attitude by
the user, the infrared camera 4, the distance measuring sensor
5, and the like are located at a surface facing in the right-lett
direction relative to the screen when the user views the screen
from 1ts front surface (characters, an 1mage, or the like dis-
played on the screen can be viewed from the ordinary direc-
tion). In such an attitude, the user can perform a gesture input
with respect to the portable electronic apparatus by making a
gesture with their right hand or left hand) from the rightward
direction (or leftward direction) relative to the screen as
described above. In addition, when the portable electronic
apparatus 1s held in another attitude by the user, the infrared
camera 4, the distance measuring sensor 5, and the like are
located at a surface facing 1n the up-down direction relative to
the screen when the user views the screen from its front
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surface. In such an attitude, the user can perform a gesture
input with respect to the portable electronic apparatus by
making a gesture with their right hand (or left hand) in the
upward direction (or downward direction) relative to the
screen as described above.

[0182] For example, a configuration in which the infrared
camera 4, the distance measuring sensor 5, and the projector
8 are provided at not only the side surface but also the upper
side surface or the bottom side surface 1s also included 1n the
scope of the present embodiment. In addition, the infrared
camera 4, the distance measuring sensor 5, and the like may
be provide at each of the left side surface and the right side
surface. In this case, for example, which of the left side or the
right side of the portable electronic apparatus 1s held by the
user may be determined on the basis of a distance measured
by each distance measuring sensor. For example, the portable
electronic apparatus may determine that a side surface (held

portion) corresponding to the shorter measured distance 1s
held by the user.

[0183] FIG. 26 15 a diagram showing an example of a con-
figuration 1n which the infrared camera 4, the distance mea-
suring sensor 5, and the like are provided at each of a side
surface and a bottom side surface. As shown in FIG. 26, the
infrared camera 4, the distance measuring sensor 5, and the
like are provided at the right side surface of the portable
electronic apparatus, and the infrared camera 4, the distance
measuring sensor 5, and the like are provided also at the
bottom side surface of the portable electronic apparatus. The
user can perform a gesture input or the like by using their right
hand while holding the portable electronic apparatus with
their left hand. With such a configuration, even when the
portable electronic apparatus 1s held so as to be horizontally
long, or even when the portable electronic apparatus 1s held so
as to be vertically long, the infrared camera 4, the distance
measuring sensor 5, and the like are located in the lateral
direction, and thus the above-described gesture mnput can be
performed 1n the lateral direction relative to the screen.

[0184] The portable electronic apparatus may have any
configuration as long as the user 1s allowed to perform a
gesture input with their right hand (or left hand) from the side
surtace direction relative to the screen of the display while
holding the portable electronic apparatus with their left hand
(or right hand) and viewing the screen from the front surface
as described above.

[0185] In the above-described embodiment, the infrared
camera 4, the distance measuring sensor 5, and the like are
directed 1n a direction perpendicular to the side surface (par-
allel to the screen). However, 1n another configuration, the
infrared camera 4, the distance measuring sensor 5, and the
like may be provided so as to be tilted at a predetermined
angle relative to the side surface.

[0186] FIG. 27 1s a diagram of a portable electronic appa-
ratus 1n which the infrared camera 4 and the distance measur-
ing sensor S are tilted, as viewed from the bottom side surface.
As shown 1n FIG. 27, the imaging direction of the infrared
camera 4 may be tilted at a predetermined angle 1n a direction
toward the screen side, not in the direction perpendicular to
the right side surface of the portable electronic apparatus. In
addition, the detection direction of the distance measuring
sensor 5 (a direction in which light 1s emitted from the light
source thereol) may be tilted at a predetermined angle in the
direction toward the screen side, not in the direction perpen-
dicular to the right side surface of the portable electronic
apparatus. Similarly, the projector 8 may be tilted at a prede-
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termined angle 1n the direction toward the screen side, not in
the direction perpendicular to the right side surface of the
portable electronic apparatus. When the infrared camera 4,
the distance measuring sensor 3, and the projector 8 are tilted
in the direction toward the screen side as described above, the
user performs a gesture mput with their hand at a predeter-
mined position 1n the direction toward the screen side, not at
a position just beside the portable electronic apparatus. The
t1lts of the infrared camera 4, the distance measuring sensor 3,
and the projector 8 may be adjusted as appropriate such that
the user easily performs a gesture mput. For example, the
infrared camera 4, the distance measuring sensor 5, and the

projector 8 may be tilted 1n a direction toward the back surface
side.

[0187] In the above-described embodiment, the infrared
camera 4 1s used. However, instead of the infrared camera 4,
a normal camera which captures an 1mage of visible light (a
camera which obtains an RGB image) may be used, and a
gesture made by the user may be recognized by using the
normal camera. In addition, instead of the infrared camera 4,
a camera capable of capturing both an RGB image and an
infrared 1image may be used. FIG. 28 1s a diagram showing a
portion of an 1mage sensor capable of capturing both an RGB
image and an infrared image. As shown 1n FIG. 28, four
elements (phototransistors) receive red light (R), green light
(), blue light (B), and infrared light (IR), respectively. By
using an 1image sensor 1n which a large number of combina-
tions of such four elements are arranged 1n rows and columns,
an RGB 1mage can be obtained, and an infrared image can be
obtained. Thus, a gesture can be recognized by using either
the RGB 1mage or the mifrared image. That 1s, an 1mage
suitable for gesture recognition can be selected from the
obtained RGB 1mage and infrared image. For example, when
a specific object cannot be detected in the obtained infrared
image due to an excessive amount of infrared light, a gesture
can be recognized by using the RGB 1mage, and vice versa.

[0188] In the above-described embodiment, the projector 8
1s provided. However, any component may be provided as
long as the component notifies the user of a result of the
predetermined information processing (S13) corresponding
to a gesture input performed by the user, by means of light.
For example, instead of or in addition to the projector 8, a light
source (e.g., an LED, a halogen lamp, a fluorescent lamp, an
EL lamp, etc.) which emits predetermined light may be pro-
vided to the portable electronic apparatus 1.

[0189] Intheabove-described embodiment, an 1image and a
distance are obtained separately by using the infrared camera
4 and the distance measuring sensor 5. However, in another
embodiment, for example, a TOF (Time Of Flight) type dis-
tance 1mage sensor may be provided, and an 1mage and a
distance for each pixel may be obtained by using this distance
image sensor. The portable electronic apparatus detects a
specific object on the basis of the obtained 1mage and dis-
tance, and outputs an image to the display 2 or the projector 8
in accordance with a result of the detection.

[0190] In the above-described embodiment, the example
where the portable electronic apparatus 1s held with one hand
and a gesture mput 1s performed with the other hand with
respect to the portable electronic apparatus, has been
described. In another embodiment, the portable electronic
apparatus may be one that 1s to be fixed to an arm (body) of the
user, such as a watch-type apparatus including a screen.
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[0191] The shape of the portable electronic apparatus may
be any shape, and may be, for example, a plate-like elliptical
shape. For example, the electronic apparatus may be foldable.
[0192] In the above-described embodiment, the portable
apparatus has been described, but a stationary apparatus may
be used 1n another embodiment.

[0193] While certain example systems, methods, devices
and apparatuses have been described herein, 1t 1s to be under-
stood that the appended claims are not to be limited to the
systems, methods, devices and apparatuses disclosed, but on
the contrary, are intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A hand-held electronic apparatus comprising;:

a camera;

a vibrator;

an acquirer configured to acquire an input 1mage captured

by the camera;

a detector configured to detect a gesture made by a user, on

the basis of the input image acquired by the acquirer; and

a vibration controller configured to provide vibration to the

user by using the vibrator in accordance with a result of
detection of the gesture by the detector.

2. The hand-held electronic apparatus according to claim 1,
wherein

the detector detects a gesture made with a hand of the user,

and

vibration 1s provided by the vibration controller to a hand

of the user different from the hand with which the ges-
ture 1s made.

3. The hand-held electronic apparatus according to claim 1,
wherein the camera 1s capable of capturing an image 1n a side
surtface direction of the hand-held electronic apparatus.

4. The hand-held electronic apparatus according to claim 3,
wherein the camera 1s provided at a side surface of the hand-
held electronic apparatus.

5. The hand-held electronic apparatus according to claim 3,
wherein a held portion to be held by the user 1s provided 1n the
hand-held electronic apparatus at least at a side opposite to a
portion at an 1maging direction side of the camera.

6. The hand-held electronic apparatus according to claim 3,
wherein an mput section configured to accept an 1nput per-
formed by the user 1s provided to the held portion.

7. The hand-held electronic apparatus according to claim 6,
wherein the input section 1s operated with a finger capable of
being moved when the held portion 1s held.

8. The hand-held electronic apparatus according to claim 6,
wherein the iput section 1s at least one push button.

9. The hand-held electronic apparatus according to claim 1,
further comprising a display at a front surface of the hand-
held electronic apparatus.

10. The hand-held electronic apparatus according to claim
1, further comprising an information processor configured to
perform predetermined information processing i1n accor-
dance with the gesture detected by the detector, wherein

the vibration controller provides vibration corresponding

to a result of the predetermined information processing.

11. The hand-held electronic apparatus according to claim
1, wherein the vibration controller provides vibration after a
predetermined time period elapses from the detection of the
gesture by the detector.

12. The hand-held electronic apparatus according to claim
1, wherein
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the hand-held electronic apparatus 1s a hand-held game
apparatus which 1s held by the user with both hands and
used,
in a state where the hand-held electronic apparatus 1s held
with one hand, a gesture made with the other hand 1s
detected by the detector, and
vibration 1s provided to the one hand by the vibration
controller.
13. The hand-held electronic apparatus according to claim
1, wherein
the hand-held electronic apparatus has a horizontally long
shape, and
the camera 1s provided at a short side of the hand-held
electronic apparatus.
14. The hand-held electronic apparatus according to claim
1, wherein the camera 1s a camera capable of receiving infra-
red light.
15. The hand-held electronic apparatus according to claim
1, further comprising a sound controller configured to cause a
sound to be outputted in accordance with the result of the
detection by the detector.
16. A hand-held electronic apparatus comprising;:
a housing;
a camera capable of capturing an 1mage 1n a side surface
direction of the housing;
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a vibrator;

an acquirer configured to acquire an input 1mage captured
by the camera;

a detector configured to detect a specific object on the basis
of the input 1mage acquired by the acquirer; and

a vibration controller configured to provide vibration to a
user by using the vibrator in accordance with a result of
detection by the detector.

17. A hand-held electronic apparatus comprising:

a distance measuring sensor;

a vibrator;

an acquirer configured to acquire information from the
distance measuring sensor;

a detector configured to detect a movement made by a user,
on the basis of the information acquired by the acquirer;
and

a vibration controller configured to provide vibration to the
user by using the vibrator on the basis of a result of
detection by the detector.

18. The hand-held electronic apparatus according to claim

17, wherein

the detector detects a distance to an object, and

the vibration controller provides vibration corresponding
to the distance.
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