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ACCESSORY AND INFORMATION
PROCESSING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
2015-024052, filed on Feb. 10, 2015, 1s herein incorporated
by reference.

FIELD

[0002] The present techmique relates to an information pro-
cessing system including an information processing device
and an accessory that can be attached to the information
processing device, and relates to an accessory, an information
processing device, a storage medium storing an information
processing program, an operation determination method and
a process performing method, for use in the iformation
processing system.

BACKGROUND AND SUMMARY

[0003] There are conventional accessories which, when
connected to a portable device, add functions to the portable
device. For example, there are techniques where an external
controller as an accessory 1s connected to a connector pro-
vided on a controller of a game device. This enables a wider
variety of game operations using two controllers.

[0004] Conventional accessories have a circuit configura-
tion for communicating with a portable device or a circuit
configuration for performing an information process for gen-
erating information to be transmitted to a portable device, and
there has been room for improvement in simplifying the
configuration of the accessories.

[0005] Thus, the present specification discloses an acces-
sory, an information processing device, an information pro-
cessing system, a storage medium storing an information
processing program, an operation determination method and
a process performing method, with which 1t 1s possible to
simplity the configuration of the accessory.

[0006] (1)

[0007] An example accessory described herein can be
attached to an information processing device. The accessory
includes a housing, an operation section, and a movable por-
tion. An inside of the housing 1s visible from an outside
thereof through at least a portion thereof. The operation sec-
tion 1s a movable operation section at least a portion of which
1s exposed on the outside of the housing. The movable portion
1s placed at a position 1nside the housing that 1s visible from
the outside of the housing through the portion of the housing,
and a position and/or an attitude of the movable portion
changes in response to the operation section being operated.
[0008] (2)

[0009] A portion of the housing may have an opening. The
movable portion may be placed at a position 1nside the hous-
ing that 1s visible from the outside of the housing through the
opening portion of the housing.

[0010] (3)

[0011] The movable portion may include an identification
portion 1n an area that 1s visible from the outside of the
housing through the portion of the housing, wherein the 1den-
tification portion 1s distinguishable from other portions.
[0012] (4)

[0013] At least a portion of the area of the movable portion
that 1s visible from the outside of the housing through the
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portion of the housing may be formed by a member that can
be 1dentified by an infrared camera.

[0014] (5)

[0015] The accessory may further include a connecting
portion for connecting the housing with the information pro-
cessing device so that the portion of the housing 1s covered by
the information processing device to which the accessory 1s
attached.

[0016] (6)

[0017] The movable portion may move, in response to the
operation section being operated, 1n at least one of an up-
down direction, a left-right direction and a front-rear direc-
tion as seen through the portion of the housing.

[0018] (7)

[0019] The operation section and the movable portion may
be configured as an integral part.

[0020] (8)

[0021] On the inside of the housing, a predetermined

marker may be provided at a position inside the housing that
1s visible from the outside of the housing through the portion
of the housing, wherein the position at which the movable
portion 1s provided 1s different from the position at which the
marker 1s provided.

[0022] (9)

[0023] The operation section may include a first operation
member and a second operation member that can be operated
independently of each other. The first operation member and
the second operation member may be arranged in line with
cach other 1n a front-rear direction as seen through the portion
of the housing. The movable portion may include a first
movable portion of which a position and/or an attitude
changes in response to the first operation member being oper-
ated, and a second movable portion of which a position and/or
an attitude changes 1n response to the second operation mem-
ber being operated. The first movable portion may be dis-
placed from the second movable portion as seen through the
portion of the housing.

[0024] (10)

[0025] The operation section may be configured to be rotat-
able. The movable portion may rotate 1in accordance with
rotation of the operation section, and a shape and/or a design
pattern of the movable portion as seen through the portion of
the housing changes as the movable portion rotates.

[0026] (11)

[0027] An example information processing system
described herein 1s an information processing system includ-
ing an information processing device having a camera, and an
accessory which can be attached to the information process-
ing device.

[0028] The accessory includes a housing, a movable opera-
tion section, and a movable portion. An inside of the housing
1s visible from an outside thereotf through at least a portion
thereof. The operation section 1s a movable operation section
at least a portion of which 1s exposed on the outside of the
housing. The movable portion 1s placed at a position inside
the housing that 1s visible from the outside of the housing
through the portion of the housing, wherein a position and/or
an attitude of the movable portion changes 1n response to the
operation section being operated. The accessory 1s attached to
the information processing device at such a position that the
camera can capture an 1mage of the inside of the housing
through the portion of the housing.

[0029] The information processing device includes an
operation determination unit and a process performing unit.
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The operation determination unit determines an operation
performed on the operation section based on a camera 1image
captured by the camera and including an 1image of the mov-
able portion. The process performing unit performs a prede-
termined process based on the operation determined by the
operation determination unit.

[0030] (12)

[0031] The operation determination unit may determine
whether or not the operation section 1s operated based on the
camera 1image. The process performing unit may perform a
predetermined process based on whether or not the operation
section 1s operated.

[0032] (13)

[0033] The operation determination unit may calculate an
amount of operation performed on the operation section
based on the camera 1image. The process performing unit may
perform a predetermined process based on the amount of
operation.

[0034] (14)

[0035] On the inside of the housing, a predetermined
marker may be provided at a position inside the housing that
1s visible from the outside of the housing through the portion
of the housing, wherein the position at which the movable
portion 1s provided is different from the position at which the
marker 1s provided. The operation determination unit may
recognize the predetermined marker 1in the camera 1image to
determine an operation performed on the operation section
based on at least one of a position, a direction and a shape of
an 1mage of the movable portion with respect to the marker 1n
the camera 1mage.

[0036] (15)

[0037] Another example information processing system
described herein 1s an information processing system includ-
ing an information processing device having a camera, and an
accessory which can be attached to the information process-
ing device. The accessory includes a housing of which an
iside 1s visible from an outside thereof through at least a
portion thereof. On the inside of the housing, a predetermined
marker 1s provided at a position inside the housing that 1s
visible from the outside of the housing through the portion of
the housing. The accessory can be attached to the information
processing device at such a position that the camera can
capture an 1image of the inside of the housing through the
portion of the housing.

[0038] The information processing device includes a
marker recognition unit and a process performing unit. The
marker recognition unit recognizes the predetermined marker
in the camera image obtained by the camera. The process
performing unit performs a predetermined process based on
the marker recognition result.

[0039] (16)

[0040] The process performing unit may perform a ditfer-
ent process depending on a type of the marker recognized.

[0041] Note that when a predetermined marker 1s recog-
nized, the process performing unit may launch a predeter-
mined application program with which the accessory can be
used. If a predetermined marker stops being recognized while
a predetermined application with which the accessory can be
used 1s running on the information processing device, the
process performing unit may halt the execution of the appli-
cation program. If a predetermined marker 1s recognized, the
process performing unit may perform a process of accessing
a predetermined external device to obtain a predetermined
application program with which the accessory can be used. If
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a predetermined marker 1s recognized, the process performs-
ing unit may perform a process of accessing an external
device to obtain a predetermined web page, and displaying
the web page on the display device of the information pro-
cessing device.

[0042] Themarkerrecognitionunitmay determine whether
or not a predetermined marker has been recognized 1n the
camera 1mage. When 1t 1s determined that a predetermined
marker has been recognized, the process performing unit may
determine that the accessory has been attached to the infor-
mation processing device. Note that 11 1t 1s determined that a
predetermined marker has been recognized, the process per-
forming unit may determine that an authentic accessory has
been attached to the information processing device and allow
a predetermined information process to be performed on the
information processing device.

[0043] Also disclosed herein 1s a portable information pro-
cessing device or information processing system which has a
camera and to which the accessory set forth above can be
attached. Also disclosed herein 1s an information processing
system 1ncluding the accessory and the information process-
ing device set forth above. Moreover, the present specifica-
tion also discloses a storage medium storing an information
processing program for instructing a computer of an informa-
tion processing system to function as the various units set
forth above, and an operation determination method or a
process performing method to be carried out on the informa-
tion processing system set forth above.

[0044] With the accessory, the information processing sys-
tem, the information processing device, the storage medium
storing an information processing program, the operation
determination method, and the process performing method
set forth above, 1t 1s possible to provide an accessory with a
simple configuration.

[0045] These and other objects, features, aspects and
advantages will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 1s a front view showing a non-limiting
example portable device of the present embodiment;

[0047] FIG. 2 1s a nght side view showing a non-limiting
example portable device;

[0048] FIG. 3 1s a back view showing a non-limiting
example portable device;

[0049] FIG. 4 1s a block diagram showing an internal con-
figuration of a non-limiting example portable device;

[0050] FIG. 5 shows how a non-limiting example portable
device 1s used;
[0051] FIG. 6 shows the external appearance of a non-

limiting example operation device;

[0052] FIG. 7 shows an example internal configuration of
the operation device shown 1n FIG. 6;

[0053] FIG. 8 shows an example operation device before
and after 1t 1s attached to a portable device;

[0054] FIG. 9 shows an example configuration where an
operation device 1s attached to a portable device;

[0055] FIG. 10 shows an example of how operation buttons
and movable portions move;

[0056] FIG. 11 shows an example captured image obtained
by an infrared camera;

[0057] FIG. 12 shows another example captured image
obtained by an infrared camera;
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[0058] FIG. 13 1s a flow chart showing an example of the
flow of a process performed by a portable device;

[0059] FIG. 14 1s a flow chart showing an example of the
flow of a process performed by an application program of a
portable device;

[0060] FIG. 15 shows an example rotational operation sec-
tion of an operation device;

[0061] FIG. 16 shows another example rotational operation
section of an operation device;

[0062] FIG. 17 shows another example of an unfolded dia-
gram of a side surface of a rotatable portion;

[0063] FIG. 18 shows an example captured image obtained
by an infrared camera according to the present variation; and

[0064] FIG. 19 1s a flow chart showing an example of the
flow of a process performed by a portable device according to
the present variation.

DETAILED DESCRIPTION OF NON-LIMITING
EXAMPLE EMBODIMENTS

[0065] An accessory, an information processing system, an
information processing device, an information processing
program, an operation determination method and a process
performing method of the present embodiment will now be
described. The information processing system of the present
embodiment includes a portable device, which 1s an example
of the information processing device, and an operation
device, which 1s an example of the accessory (see FIG. 8). In
the present embodiment, the operation device can be attached
to the portable device, and the operation device can be used
for performing an operation on the portable device. That 1s, 1t
1s possible, with the operation device, to add an operation
function to the portable device.

[0066] [1. Configuration of Portable Device]

[0067] First, referring to FIG. 1 to FIG. 5, an example of a
configuration of a portable device will be described. FIG. 1 1s
a front view showing an example of a portable device of the
present embodiment. FIG. 2 1s a right side view showing an
example of a portable device. FIG. 3 1s a back view showing
an example of a portable device. In the present embodiment,
a portable device 1 1s a portable information processing
device that can be held 1n a hand and operated by a user. For
example, the portable device 1 may be a hand-held device
such as a portable game device, a portable telephone, a smart-
phone, a tablet terminal, a camera, a game controller or a
mouse, or may be a terminal that can be worn by a user such
as a wristwatch-shaped terminal.

[0068] AsshowninFIG. 1, the portable device 1 includes a

display 2, a touch panel 3, an infrared camera 4, a distance
measuring sensor 3, input buttons 6 (6A to 6D), an 1lluminat-
ing section 7 and a projector 8, which are accommodated 1n a
housing 10. The housing 10 (the portable device 1) has a
plate-like shape, and 1s sized so that 1t can be held by a user
with one hand or both hands.

[0069] For example, the display 2 may be a liquid crystal
display device, an organic EL display device, or the like, or
may by any other suitable display device. The screen of the
display 2 1s provided so as to be exposed on the front surface
(TS surface) of the housing 10. The touch panel 3 1s provided
on the screen of the display 2 for detecting the position at
which the screen has been touched by a user. The touch panel
3 may be a touch panel capable of one-point detection or a
touch panel capable of multi-point detection, and may be of
any suitable type such as capacitive or resistive, for example.
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[0070] The input buttons 6 A to 6D each receive an 1nput
(pressing of a button) by a user. The input buttons 6 A to 6D
are each provided at such a position that it can be reached by
a finger of a user when the user holds the opposing sides of the
portable device 1. Specifically, the input buttons 6 A and 6C
are located so that they can be reached by fingers of the right
hand when the user holds the portable device 1 with the right
hand, wherein the input button 6A 1s provided at such a
position that 1t can be reached by the thumb of the right hand,
and the mput button 6C 1s provided at such a position that 1t
can be reached by the index finger or the middle finger of the
right hand. The input buttons 6B and 6D are located so that
they can be reached by fingers of the left hand when the user
holds the portable device 1 with the left hand, wherein the
input button 6B 1s provided at such a position that 1t can be
reached by the thumb of the left hand, and the input button 6D
1s provided at such a position that 1t can be reached by the
index finger or the middle finger of the left hand. As shown 1n
FIG. 1, the input buttons 6A and 6B are provided on the front
surtace (TS surface) of the housing 10, and the input buttons
6C and 6D are provided on the top surface (T4 surface) of the
housing 10. Note that input sections for recerving inputs from
a user may include, 1n addition to the input buttons 6 A to 6D,
a cross-shaped key, an analog stick, or the like, for direction
inputs.

[0071] The infrared camera 4 includes a lens, and a sensor
capable of sensing light (infrared rays; specifically, near
infrared rays). The sensor of the infrared camera 4 1s an image
sensor 1n which elements capable of sensing infrared rays are
arranged 1n a matrix, and the elements of the 1image sensor
receive and convert infrared rays into electric signals, output-
ting a two-dimensional infrared image.

[0072] The distance measuring sensor 5 emits light (e.g.,
infrared light) from a light source provided in the distance
measuring sensor 5 and receives the light having been
reflected off an object by means of a light-receiving element,
thereby measuring the distance to the object. The distance
measuring sensor S may be of any type, including a triangu-
lation type and a TOF (Time Of Flight) type. The light source
of the distance measuring sensor 5 may be an LED, a laser
diode, or the like, emitting infrared light 1n a particular direc-
tion.

[0073] Theilluminating section 7 outputs infrared rays at a
predetermined time interval (e.g., an iterval of Yso sec). The
illuminating section 7 outputs infrared rays in sync with the
timing with which the infrared camera 4 captures images. The
illuminating section 7 outputs infrared rays onto a predeter-
mined range 1n the right side surface direction of the portable
device 1. Infrared rays output by an 1lluminating section 7 are
reflected by an object, and the reflected infrared rays are
received by the infrared camera 4, thereby obtaining an image
of the infrared rays. Note that the 1lluminating section 7 may
be used for capturing an infrared image by the infrared cam-
era 4 and for measuring the distance by the distance measur-
ing sensor 5. That 1s, the infrared light from the 1lluminating
section 7 may be used both for capturing an image by means
of the infrared camera 4 and for measuring the distance by
means of the distance measuring sensor 5.

[0074] The projector 8 includes a light source for emitting
visible light, and projects text, an 1mage, etc., onto a projec-
tion plane (a screen or the hand of a user as will be described
later) by using light from the light source.

[0075] The infrared camera 4, the distance measuring sen-
sor 3, the 1lluminating section 7 and the projector 8 are pro-



US 2016/0231773 Al

vided on a side surface of the housing 10 (e.g., the right side
surface: T1 surface). Specifically, the image-capturing direc-
tion (optical axis) of the infrared camera 4 1s oriented vertical
to the right side surface. The detecting direction of the dis-
tance measuring sensor 3 and the direction in which the
projector 8 outputs light are also vertical to the right side
surface. That 1s, when a user holds the portable device 1 with
the left hand, the infrared camera 4 captures an image of the
space 1n the right side surface direction of the portable device
1, and the distance measuring sensor S measures the distance
to an object existing i1n the space in the right side surface
direction of the portable device 1. The projector 8 projects an
image, or the like, by outputting visible light in the same
direction as the infrared camera 4 and the distance measuring
sensor 3.

[0076] An outside camera 9 1s provided on the back surface
(T6 surface) of the portable device 1 (FIG. 3). The outside
camera 9 1s typically capable of capturing an image 1n the
direction vertical to the image-capturing direction of the
infrared camera 4, and 1s capable of capturing an 1mage in the
direction vertical to the back surface. The outside camera 9
includes a lens, and an 1mage sensor capable of sensing vis-
ible light. The outside camera 9 captures an 1mage of the
space 1n the back surface direction, obtaining a color 1mage
(RGB 1mage). Note that a camera may be provided on the
front surface 1n addition to the outside camera 9 on the back
surface, or a camera may be provided on the front surface (the
surface on which the screen of the display 2 1s provided)
without providing the outside camera 9 on the back surface.

[0077] FIG. 4 1s ablock diagram showing an example of an
internal configuration of the portable device 1. As shown 1n
FIG. 4, 1n addition to the various sections mentioned above,
the portable device 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 receiver 17 and a
geomagnetic sensor 18. The portable device 1 also includes a
battery (not shown), and receives power supply from the
battery. These sections are accommodated 1n the housing 10.

[0078] The control section 14 1s connected to, and controls,
various sections including the display 2, the touch panel 3, the
infrared camera 4, the distance measuring sensor 5, the input
button 6, the 1lluminating section 7, the projector 8, the vibra-
tor 11, the microphone 12, the speaker 13, the communication
section 15, the attitude detection section 16, the GPS receiver
17 and the geomagnetic sensor 18.

[0079] Specifically, a control section 14 includes a CPU, a
memory, etc., for performing a predetermined process based
on a predetermined program (e.g., an application program for
performing game processes, 1mage processes, and various
arithmetic operations) stored 1n a storage device (not shown)
(e.g., a non-volatile memory or a hard disk) provided in the
portable device 1. For example, the control section 14 may
obtain and analyze an image from the inifrared camera 4,
calculate the distance to an object based on the signal from the
distance measuring sensor 5, or perform a process 1n accor-
dance with input signals from the touch panel 3 and the input
button 6. Then, the control section 14 generates an 1mage
based on the results of the predetermined process, and outputs
the 1mage on the display 2. Note that the program for per-
forming the predetermined process may be downloaded from
outside via the communication section 15.

[0080] The vibrator 11 operates based on an instruction
from the control section 14 and vibrates the entire portable
device 1. The vibrator 11 1s provided at a predetermined
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position such that vibrations are easily transmitted to the hand
of a user (e.g., 1n the central portion, or at a position shifted
left or right theretrom, inside the housing 10).

[0081] The microphone 12 and the speaker 13 are used for
inputting/outputting sounds. The communication section 15
1s used for communicating with other devices by a predeter-
mined communication scheme (e.g., wireless LAN, etc.). The
attitude detection section 16 1s, for example, an acceleration
sensor or an angular velocity sensor for detecting the attitude
of the portable device 1.

[0082] The GPS recerver 17 recerves a signal from a GPS
(Global Positioning System) satellite, and the portable device
1 can calculate the position of the portable device 1 itself by
receiving the signal. For example, when a predetermined
operation 1s performed at a particular position (e.g., a gesture
input or a button input using the infrared camera 4, shaking
the portable device 1, etc., to be described later), the portable
device 1 may display an object associated with the particular
position. For example, where a game 1s played on the portable
device 1, and the portable device 1 1s at a particular position,
an object associated with the particular position may appear
in the game.

[0083] The geomagnetic sensor 18 is a sensor capable of
detecting the direction and the magnitude of a magnetic field.
For example, based on the detection result of the geomagnetic
sensor 18, the portable device 1 may determine whether 1t 1s
facing a particular azimuthal direction, and the portable
device 1 may display an object when a predetermined opera-
tion (e.g., a gesture mput mentioned above) 1n a particular
azimuthal direction. For example, where a game 1s played on
the portable device 1, an object associated with a particular
azimuthal direction may appear in the game. The portable
device 1 may combine together GPS information obtained by
the GPS receiver 17 and azimuthal direction information
obtained by the geomagnetic sensor. For example, 11 the por-
table device 1 1s at a particular position and 1s facing a par-
ticular azimuthal direction, the portable device 1 may display
an object associated with the particular position and the par-
ticular azimuthal direction, or such an object may appear in
the game.

[0084] FIG. 5 shows an example of how the portable device
1 1s used. As shown 1n FIG. 5, a user can hold the portable
device 1 with one hand and make gesture inputs using the
other hand. Note that a gesture input may be any input made
with an operation object that 1s operated (moved) by a user.
An operation object may be the body of the user (which may
be the whole body or a part of the body such as a hand or the
face), an object held by the user, or may be both the body and
an object. The portable device 1 may recognize the shape of
the operation object as a gesture mput, may recognize the
movement of the operation object as a gesture input, or may
recognize a combination of the shape and the movement as a
gesture mput. For example, a user may make a gesture input

by using the shape, the movement, the position (with respect
to the portable device 1), the orientation (attitude), etc., of the
hand

[0085] In the present embodiment, the portable device 1
captures an 1mage (inifrared image) by means of the infrared
camera 4, and determines a gesture iput based on the cap-
tured 1image (referred to also as the camera 1mage). Specifi-
cally, when a captured image 1s obtained from the infrared
camera 4, the portable device 1 calculates the shape, the
position, and/or the orientation (attitude) of the object based
on the captured 1image obtained. Note that based on a plurality
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of captured 1images obtained through repetition, the portable
device 1 may calculate the movement of the object (the
change of shape, the moving direction, the moving speed,
etc.). The portable device 1 determines a gesture input based
on these calculation results.

[0086] [2. Configuration of Operation Device]

[0087] Next, referring to FIG. 6 and FIG. 7, an example

configuration of an operation device will be described. FI1G. 6
shows the external appearance of an example operation
device. In the present embodiment, an operation device 20
can be attached/detached to/from the portable device 1, and
includes operation sections (buttons 22A to 22D). That 1s, the
operation device 20 1s an accessory that adds an operation
function to the portable device 1. The portable device 1
detects an operation performed on the operation device 20,
and performs a process 1n accordance with the detected opera-
tion. Here, the operation 1s detected by using the infrared
camera 4, the details of which will be described later. There-
fore, the operation device 20 needs no electrical configura-
tion, such as an electronic circuit, for detecting the operation
and for transmitting the detection result to the portable device
1. Therefore, according to the present embodiment, 1t 1s pos-
sible to simplity the configuration of the operation device 20.
The details will now be described.

[0088] As shown in FIG. 6, the operation device 20
includes a housing 21. The housing 21 1s attached to the
portable device 1 1n such a manner that the housing 21 can be
attached/detached to/from the portable device 1. That 1s, the
operation device 20 includes a connecting portion (not
shown) for connecting the housing 21 (the operation device
20) with the portable device 1. Note that the connecting
portion may have any configuration, and may be a conven-
tional mechanism.

[0089] For example, the connecting portion may include a
claw to be engaged with a predetermined portion of the por-
table device 1 (e.g., a protruding portion formed along the
periphery of the front surface (T5 surface)), and the housing
21 may be secured on the portable device 1 with the claw
engaged with the predetermined portion. For example, the
connecting portion may be such a mechanism that the hous-
ing 21 1s secured on the portable device 1 with a portion of the
portable device 1 being clamped 1n the up-down direction.
The connecting portion may be connected to the portable
device 1 magnetically. For example, the operation device 20
may be connected to the portable device 1 by virtue of the
attraction between a magnet of the portable device 1 and a
magnet of the connecting portion. That 1s, “to attach™ as used
herein means that the positional relationship between the two
members 1s somewhat fixed, and the connection between the
two members 1s not limited to a mechanical connection, but
may include a connection between the two members by virtue
of a magnetic force. In other embodiments, the portable
device 1 and the operation device 20 may be connected
together via a connection member. That 1s, as the portable
device 1 and the connection member are connected together
and the connection member and the operation device 20 are
connected together, the positional relationship between the
portable device 1 and the operation device 20 may be fixed.

[0090] In the present embodiment, the housing 21 (the
operation device 20) 1s attached to the portable device 1 so
fixedly that the attachment cannot be removed by up to a
certain amount of force. The housing 21 (the operation device
20) 1s detached from the portable device 1 when a stronger
force 1s applied thereto.
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[0091] As shown in FIG. 6, a hole (opening portion) 21a 1s
formed 1n the housing 21. Thus, the operation device 20 1s
configured so that the inside (the inner side) of the housing 21
can be seen through the hole 21a. Note that the housing 21
may have any configuration such that the inside of the housing
21 1s visible from the outside through a predetermined portion
of the housing 21. For example, in other embodiments, the
predetermined portion may be formed by a transparent mem-
ber 1nstead of the provision of the hole 21a in the predeter-
mined portion.

[0092] Here, in the present embodiment, a reference
marker 21d 1s provided on a wall surface on the 1nside of the
housing 21 (the imnner wall surface of a surface 21¢1n FIG. 6).
Movable portions 23A to 23D to be described later are pro-
vided on the 1nside of the housing 21 (see FIG. 7). The hole
21a 1s formed at such a position that the movable portions
23A to 23D and the reference marker 21d are visible when

one sees the inside of the housing 21 from the outside of the
housing 21 through the hole 21a.

[0093] Note that the reference marker 214 1s used as a
reference for calculating the positions of the movable por-
tions 23 A to 23D, the details of which will be described later.
The reference marker 214 1s formed at a predetermined posi-
tion on the 1nside of the housing 21. The shape of the refer-
ence marker 21d 1s predetermined. The reference marker 21d
1s of a material (color) such that the infrared camera 4 can
distinguish the reference marker 214 from other portions
(other than the reference marker 21d) of the wall surface on
the inside of the housing 21. The reference marker 214 may be
a design pattern provided on the inner surface of the housing
21 or a member placed on the inner surface of the housing 21.

[0094] The operation device 20 includes operation buttons
22A to 22D, which are example operation sections. Note that
where the operation buttons 22 A to 22D are not distinguished
from each other, the designation “operation button 22 may
be used to refer to any one of the operation buttons 22A to
22D. The operation buttons 22A to 22D are provided so as to
be exposed on a predetermined surface of the housing 21 (a
button surface 2156 1n FIG. 6). The operation buttons 22A to
22D are projecting from the button surface 215, and can be
pressed toward the inside of the housing 21. Specifically, each
operation button 22 1s supported, in the housing 21, with
respect to the housing 21 while being urged upwardly by a
biasing member (e.g., an elastic body such as a spring) (not
shown). The operation button 22 moves downward by being
operated (pressed) by the user.

[0095] FIG. 7 shows an example internal configuration of
the operation device shown in FIG. 6. Note that F1IG. 7 shows
only a part of the configuration inside the housing 21. As
shown 1n FIG. 7, the operation device 20 includes the mov-
able portions 23A to 23D provided inside the housing 21.
Note that where the movable portions 23A to 23D are not
distinguished from each other, the designation “movable por-

tion 23 may be used to refer to any of the movable portions
23A to 23D.

[0096] As shown in FIG. 7, the movable portions 23A to
23D are connected to the operation buttons 22A to 22D,
respectively. That 1s, the movable portion 23 A 1s connected to
the operation button 22A, the movable portion 23B to the
operation button 22B, the movable portion 23C to the opera-
tion button 22C, and the movable portion 23D to the operation
button 22D. The movable portion 23 moves (downward 1n the
present embodiment) 1n response to an operation on the
operation button 22 connected thereto. In the present embodi-
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ment, each operation button and a movable portion connected
thereto are configured as an integral part. Note however that
the movable portion may be configured so as to be moved in
accordance with the movement of the operation button, and
an operation button and a movable portion connected thereto
may be separate parts 1n other embodiments.

[0097] In the present embodiment, at least a portion of the
movable portion 23 (the hatched area shown in FIG. 7: here-
inafter referred to as a “recognition portion”) 1s of a material
(color) such that the infrared camera 4 can distinguish this
portion from other portions (other than the portion of the
reference marker 21d) of the wall surface on the inside of the
housing 21. The recognition portion may be of a retroreflec-
tive material, for example. Then, the infrared light from the
1lluminating section 7 1s reflected more toward the infrared
camera 4, making it easier for the infrared camera 4 to rec-
ognize the recognition portion. This also makes i1t easier for
the infrared camera 4 to recognize a recognition portion that
1s located away from the infrared camera 4. The movable
portion 23 1s connected to the lower portion of the operation
button 22. Here, for each of the movable portions 23 A to 23C,
the recognition portion 1s placed under (directly below) the
corresponding operation button 22. For the movable portion
23D, on the other hand, the recognition portion 1s displaced
from a position that 1s directly below the corresponding
operation button 22D (see FIG. 7). That 1s, the recognition
portions of the movable portions 23A to 23D are arranged so
that the recognition portions are visible through the hole 21a.

[0098] Note that the shape and the size of the housing 21,
and the shape, the size and the number of the operation button
22 and the movable portions 23 are not limited to any particu-
lar shape, size and number. The shape, the size and the num-
ber of these members shown 1n FIG. 6 and FIG. 7 are 1llus-
trative, and the operation device in other embodiments may
have a different configuration from that shown in FIG. 6 and

FIG. 7.

[0099] [3. Attachment of Operation Device to Portable
Device]
[0100] Next, referring to FIG. 8 and FIG. 9, the attachment

of the operation device 20 to the portable device 1 will be
described. In the present embodiment, the operation device

20 can be attached at least to a side surface (more specifically,
the T1 surface) of the portable device 1.

[0101] FIG. 8 shows an example of the operation device 20
before and after it 1s attached to the portable device 1. As
shown 1n FIG. 8(b), the operation device 20 1s attached to the
portable device 1 at such a position that the hole 214 faces the
infrared camera 4 (and the 1lluminating section 7). Therefore,
with the operation device 20 attached to the portable device 1,
the infrared camera 4 can capture an 1mage of the inside of the
housing 21. In this position, the 1lluminating section 7 can
output infrared light into the 1nside of the housing 21. In the
present embodiment, since inirared light 1s output by the
1lluminating section 7 into the 1nside of the housing 21, it 1s
possible with the infrared camera 4 to capture an 1image of the
inside of the housing 21 even 1f the ambient light does not
enter the inside of the housing 21. Note that in the present
embodiment, the housing 21 1s of a material that does not
allow light (at least infrared light) to pass therethrough,
except for the hole 21a (or a portion of a transparent member
provided instead of the hole 21a).

[0102] As shownin FIG. 8(b), with the operation device 20
attached to the portable device 1, the hole 21a 1s covered by
the operation device 20. That 1s, the connecting portion con-
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nects the housing 21 with the portable device 1 so that the hole
21a of the housing 21 1s covered by the portable device 1 to
which the operation device 20 1s attached. Then, since the
infrared camera 4 does not (substantially) detect ambient
light, 1t 1s possible to reduce the possibility of false recogni-
tion due to ambient light (false recognition of the reference
marker 214 and/or the movable portion 23). That 1s, 1t 1s
possible to more accurately recognize the inside of the hous-
ing 21 based on the captured image obtained by the infrared
camera 4.

[0103] FIG. 9 shows an example configuration where the
operation device 20 1s attached to the portable device 1. When
the operation device 20 1s attached to the portable device 1,
the user may grip a left-side portion of the portable device 1
with the left hand and grip the operation device 20 with the
right hand. Then, the user can operate the operation buttons
22A to 22D of the operation device 20. Note that the operation
device 20 may be attached to the portable device 1 so that the
button surface 215 of the operation device 20 1s located gen-
erally on the same plane (1.e., generally at the same position
with respect to the z-axis direction) as the front surface (TS
surtface) of the portable device 1. Then, the user can operate
the portable device 1 and the operation device 20 while hav-
ing both hands at the same position with respect to the z-axis
direction, thus making it easier to perform operations.

[0104] Note that in other embodiments, the operation
device 20 may be configured so that the operation device 20
cannot be attached to the portable device 1 at such a position
that the hole 21a 1s not facing the infrared camera 4 and the
1lluminating section 7 (i.e., at such a position that the infrared
camera 4 cannot capture an image of the inside of the housing
21, and/or the illuminating section 7 cannot output light into
the 1nside of the housing 21). For example, the housing 21
may include a protrusion that fits into a depression on the
portable device 1 when the housing 21 1s placed at an appro-
priate position (a position such that the hole 21a faces the
infrared camera 4 and the illuminating section 7) (the protru-
sion of the housing 21 and the depression of the portable
device 1 may be reversed). Then, the alignment can be made
with the protrusion of the housing 21 and the depression of the
portable device 1, and it 1s therefore possible to attach the
operation device 20 to the portable device 1 at an appropriate
position. Note that in other embodiments, the operation
device 20 may be allowed to be attached to other positions of
the portable device 1. For example, the operation device 20
may be allowed to be attached to the portable device 1 at such
a position that the hole 21a faces the outside camera 9.

[0105] [4. Determiming Operation Performed on Operation
Device]
[0106] Next, referring to FIG. 10 to FIG. 12, how an opera-

tion performed on the operation device 20 1s determined by
the portable device 1 will be described. When the operation
device 20 1s attached to the portable device 1, the infrared
camera 4 captures an image of the movable portions 23A to
23D 1nside the housing 21 through the hole 21a. Now, the
movable portion 23 moves 1n response to an operation per-
formed on the corresponding operation button 22. Therefore,
by calculating the position of the movable portion 23 1n the
captured 1mage, 1t 1s possible to determine that the operation
button 22 1s operated. The details of the method for determin-
ing an operation will now be described.

[0107] FIG. 10 shows an example of how the operation
button 22 and the movable portion 23 move. FIG. 10 1s a
diagram showing the operation buttons 22A to 22D and the
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movable portions 23 A to 23D as seen from the image-captur-
ing direction of the infrared camera 4 (1.e., the direction of
viewing the inside of the housing 21 from the outside of the
housing 21 through the hole 21a). In the present embodiment,
when the operation button 22A 1s pressed, the movable por-
tion 23 A moves downward (the negative z-axis direction) ((1)
shown 1n FIG. 10). Similarly, when the operation button 22B
1s pressed, the movable portion 23B moves downward ((2)
shown 1n FIG. 10); when the operation button 22C 1s pressed,
the movable portion 23C moves downward ((3) shown in
FIG. 10); and when the operation button 22D 1s pressed, the
movable portion 23D moves downward ((4) shown 1n FIG.
10).

[0108] Note that in the present embodiment, the operation
buttons 22A and 22D are located substantially at the same
position as seen from the image-capturing direction. There-
fore, when viewed from the image-capturing direction, the
operation button 22D 1tself 1s substantially invisible by being
blocked by the operation button 22A. Thus, in the present
embodiment, the movable portion 23D corresponding to the
operation button 22D 1s offset from any of the other movable
portions 23A to 23C (as viewed from the image-capturing
direction). That 1s, the movable portions 23A to 23D are
located so that they are visible as viewed from the 1mage-
capturing direction, as shown 1n FIG. 10. Thus, the movement
of the movable portion 23D following the pressing of the
operation button 22D can be recognized when viewed from
the 1mage-capturing direction.

[0109] FIG. 11 shows an example captured image obtained
by the infrared camera 4. The captured image shown 1n FIG.
11 1s an 1mage to be obtained when the operation buttons 22A
to 22D are not operated (in the unoperated state). As shown in
FIG. 11, the captured image includes an image (reference
marker 1mage) 30 of the reference marker 214 and 1mages
(movable portion 1mages) 31A to 31D of movable portions
23 A to 23D. Thus, the reference marker 214 and the movable
portions 23A to 23D are placed at such positions as to be
included 1n the 1mage-capturing range of the infrared camera
4, with the operation device 20 attached to the portable device
1. Thus, with the operation device 20 connected to the por-
table device 1, the infrared camera 4 can capture an image of
the reference marker 214 and the movable portions 23A to
23D 1nside the housing 21 through the hole 21a of the housing
21.That1s, the following members (a) to (d) are placed at such
positions that the infrared camera 4 can capture an image of
the reference marker 214 and the movable portions 23 A to
23D 1n such a state as described above:

[0110] (a) infrared camera 4 of portable device 1;

[0111] (b) hole 21a of housing 21 of controller device 20;
[0112] (c¢) reference marker 21d of controller device 20;
and

[0113] (d) movable portions 23A to 23D of controller
device 20.

[0114] FIG. 12 shows another example captured image

obtained by the infrared camera 4. The captured image shown
in FIG. 12 1s an 1image obtained while the operation button
22 A 1s operated (depressed). When the operation button 22A
1s operated, the movable portion 23A moves downward.
Therefore, 1n the captured image, the movable portion image
31A 1s located below its position 1n the unoperated state, as
shown 1n FIG. 12. Thus, when an operation button 22 1s
operated, the position of the corresponding movable portion
image 31 changes from 1ts position in the unoperated state.
Theretfore, based on the position of the movable portion
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image 31 1n the captured 1image, it 1s possible to determine
whether the operation button 22 corresponding to the mov-
able portion 1mage 31 1s operated.

[0115] Specifically, the portable device 1 calculates the
position of the reference marker image 30 from the captured
image. Any method may be used for recognizing the refer-
ence marker image 30 in the captured image. For example, the
portable device 1 identifies the reference marker image 30 by
performing an 1mage recognition process using pattern
matching on the captured image. Moreover, the portable
device 1 calculates the position of the identified reference
marker image 30 (the position on the captured 1mage). In the
present embodiment, the calculated position of the reference
marker 1mage 30 1s used as the reference position.

[0116] The portable device 1 calculates the position of each
of the movable portion images 31A to 31D from the captured
image. Any method may be used for recognizing the movable
portion 1image 1n the captured image. The portable device 1
identifies each of the movable portion 1images 31A to 31D by
performing an 1mage recognition process using pattern
matching, for example. Moreover, the portable device 1 cal-
culates the position of each of the identified movable portion
images 31A to 31D (the position on the captured image).

[0117] Note that the movable portion 1images 31A to 31D
have the same shape in the present embodiment, and 1t 1s
therefore difficult to distinguish the movable portion 1mages
31A to 31D from one another based only on the shape. Note
however that the positional relationship between the movable
portion 1mages 31A to 31D (i.e., the order of arrangement
from the lett, 1.e., the movable portion 1image 31C, the mov-
able portion image 31 A, the movable portion image 31B and
the movable portion image 31D) 1s predetermined and
known. The positional relationship between each of the mov-
able portion 1mages 31A to 31D and the reference marker
image 30 1s predetermined. Therefore, the portable device 1
can 1dentify each of the movable portion 1mages 31A to 31D
by using either one of these positional relationships. Note that
in other embodiments, the recognition portions of the mov-
able portions may have different shapes from each other.
Then, 1t 1s possible to 1dentify each movable portion 1mage
based on the shape of the movable portion 1mage.

[0118] The portable device 1 determines whether or not the
operation buttons 22A to 22D have been operated based on
the calculated positions of the movable portion images 31 A to
31D. Now, 1f an operation button 22 1s operated, the distance
from the reference marker image 30 to the movable portion
image (the movable portion 1mage corresponding to the
operation button 22) becomes longer than that 1n the unoper-
ated state. That 1s, 1t 1s possible to determine whether or not
cach of the operation buttons 22A to 22D 1s operated
(pressed) by determining whether or not the distance between
cach of the movable portion 1images 31A to 31D and the
reference position 1s longer than that in the unoperated state.

[0119] Thus, 1n the present embodiment, the portable
device 1 determines whether or not the distance from the
reference position (the position of the reference marker 21d)
to each of the movable portion images 31A to 31D 1s greater
than or equal to a predetermined distance. Here, the predeter-
mined distance 1s set for each of the movable portion 1images
31A to 31D, and 1s set to be longer than the distance from the
reference position to the movable portion image in the unop-
erated state. If the distance from the reference position to the
movable portion 1mage 1s greater than or equal to the prede-
termined distance, the portable device 1 determines that the
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operation button 22 corresponding to the movable portion
image 1s operated. On the other hand, 11 the distance from the
reference position to the movable portion 1mage 1s shorter
than the predetermined distance, the portable device 1 deter-
mines that the operation button 22 corresponding to the mov-
able portion 1mage 1s not operated.

[0120] As described above, in the present embodiment,
whether or not an operation button is operated 1s determined
based on the positional relationship between the reference
position and the position of the movable portion image. Here,
the specific method of determination may be any method, and
the determination may be done by any other method. For
example, 1n other embodiments, the determination may be
done based only on the position of the movable portion image
(without using the reference position). Specifically, the por-
table device 1 may pre-store, as a registered position, the
position of the movable portion 1mage in the unoperated state,
and may perform the determination based on whether or not
the position of the movable portion 1mage in the captured
image obtained 1s displaced from the registered position by a
predetermined distance or more.

[0121] Note that the positional relationship between the
portable device 1 and the operation device 20 attached thereto
1s not always constant, but may vary to some degree each time
the operation device 20 1s attached or between different
operation devices. Therefore, the position of the movable
portion 1image on the captured image 1s not always constant
even 1n the unoperated state, but may vary each time the
operation device 20 1s attached or between different operation
devices. Theretfore, with the method for performing the deter-
mination based only on the position of the movable portion
image, there 1s a possibility that whether or not an operation
button 1s operated cannot be determined accurately because
the pre-stored registered position 1s not correct. In contrast,
the determination can be done accurately by using the method
for performing the determination based on the positional
relationship between the reference position and the position
of the movable portion 1mage as 1n the present embodiment.

[0122] Note that 1n other embodiments, the portable device
1 may reset (re-store) the registered position each time the
operation device 20 1s attached to the portable device 1,
thereby performing the determination accurately. For
example, when the operation device 20 1s attached to the
portable device 1, the portable device 1 may store the position
of the movable portion image as the registered position while
showing the user a message such as “Do not press buttons™.
Then, 1t 1s possible to store a more accurate registered posi-
tion.

[0123] As described above, in the present embodiment,
based on the 1mage captured by the infrared camera 4, the
portable device 1 can determine that a movable portion 23 has
moved and can determine whether or not the operation button
22 1s operated.

[0124] [5. Process of Portable Device]

[0125] Next, referring to FIG. 13 and FIG. 14, an example
information process performed by the portable device 1 will
be described. FIG. 13 1s a flow chart showing an example of
the flow of a process performed by the portable device 1. A
series of processes shown i FIG. 13 1s performed by the CPU
of the control section 14 executing a predetermined program
stored in the portable device 1. In the present embodiment, the
predetermined program 1s a system program for running the
OS (operating system) of the portable device 1. Note however
that 1n other embodiments, the predetermined program may
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be any program, €.g., an application program to be run on the
OS, for example. In the present embodiment, the series of
processes shown 1n FIG. 13 1s repeatedly performed while the
power of the portable device 1 1s ON. Note however that in
other embodiments, the control section 14 may halt the series
ol processes when the portable device 1 1s in a sleep state
(e.g., where the display 2 1s OFF), while performing the series
of processes when the portable device 1 1s 1n an active state
(e.g., where the display 2 1s ON). The control section 14 may
activate the infrared camera 4 and the i1lluminating section 7
while the series of processes 1s performed, and deactivate the
infrared camera 4 and the 1lluminating section 7 while the
series of processes 1s halted.

[0126] Note that in the present application, the process 1n
cach step in the tlow chart shown 1n the figure 1s merely an
example, and the order of steps may be switched around, or
other processes may be performed 1n addition to (or instead
ol) these steps, as long as similar results are obtained. While
it 1s assumed herein that the processes of the steps of the tlow
chart are performed by the CPU of the portable device 1,
processes of some of the steps of the flow chart may be
performed by a processor or a dedicated circuit other than the
CPU. Some of the processes performed by the portable device
1 may be performed by another information processing
device capable of communicating with the portable device 1
(e.g., a server capable of communicating with the portable
device 1 via a network). That 1s, the processes shown 1n FIG.
13, FIG. 14 and FIG. 19 may be performed through a coop-
eration of a plurality of information processing devices
including the portable device 1.

[0127] Inthe series of processes shown in FIG. 13, first, 1n
step S1, the control section 14 obtains, from the infrared
camera 4, a captured 1mage obtained by the infrared camera 4.
That 1s, as the infrared camera 4 captures an 1mage at a
predetermined time interval, the control section 14 obtains
the captured 1image from the infrared camera 4 and stores data
of the captured 1image 1n a memory.

[0128] In step S2, the control section 14 determines
whether or not the reference marker 21d 1s detected in the
captured 1mage obtained in step S1. That 1s, the control sec-
tion 14 performs an 1mage recognition process by using the
method described 1n “[4. Determining operation performed
onoperationdevice]” above. If the reference marker image 30
1s 1dentified by the 1mage recognition process, the control
section 14 determines that the reference marker 21d 1s
detected. On the other hand, 11 the reference marker image 30
1s not identified by the image recognition process, the control
section 14 determines that the reference marker 21d 1s not
detected. If the determination result of step S2 1s affirmative,
the process of step S3 1s performed. On the other hand, 11 the
determination result of step S2 1s negative, the process of step
S1 1s performed again. In this case, the series of processes of
steps S1 and S2 1s repeatedly performed until 1t 1s determined
in the process of step S2 that the reference marker 214 1s
detected.

[0129] In step S3, the control section 14 launches a prede-
termined application (program) stored 1n the portable device
1. The predetermined application may be any application, and
may be a game application, for example. Note that the series
of processes performed 1n the predetermined application will
be described later with reference to FIG. 14. When the execu-
tion of the predetermined application 1s ended, the control
section 14 ends the process of step S3, and then performs
again the process of step S1.



US 2016/0231773 Al

[0130] As described above, 1n the present embodiment, 1f
the operation device 20 1s attached to the portable device 1
while performing the series of processes of steps S1 to S3
described above, the reference marker 214 1s detected 1n the
process of step S2, and the application 1s launched automati-
cally (irrespective of user instructions) in the process of step
S3. Thus, the user can launch an application associated with
the operation device 20 by attaching the operation device 20
to the portable device 1. That 1s, the user does not need to
perform an operation of selecting and launching an applica-
tion, and thus the user operation 1s simplified in the present
embodiment.

[0131] Note that in other embodiments, there may be dii-
ferent types of operation devices each provided with a refer-
ence marker of a different shape and/or size, and the control
section 14 may launch a different application depending on
the type (the shape and/or size) of the reference marker
detected 1n step S2 (see “(Variation 1n which process 1s varied
depending on type of marker)” to be described later). That 1s,
a different application may be launched in response to the
attachment of a different operation device provided with a
different reference marker.

[0132] Although not shown in FIG. 13, the control section
14 may perform various processes to be performed on the OS
level. For example, the control section 14 may perform pro-
cesses such as the process of displaying on the display 2 a
menu 1mage for launching an application, and the process of
launching the application 1n response to the user specifying
the application on the menu 1mage.

[0133] Next, referring to FIG. 14, a process example to be
performed by the application launched by the process of step
S3 will be described. FIG. 14 1s a flow chart showing an
example of the flow of a process performed by an application
program on the portable device 1.

[0134] In the series of processes shown in FIG. 14, first, in
step S11, the control section 14 performs a calibration pro-
cess. Specifically, the control section 14 calculates the refer-
ence position described above by the method described 1n *“[4.
Determining operation performed on operation device]”
above, and stores the data of the reference position 1n a
memory. Note that the captured image used for the calcula-
tion of the reference position may be an 1mage obtained at an
arbitrary point in time after the operation device 20 1s attached
to the portable device 1. For example, the reference position
may be calculated by using a captured image 1n which the
reference marker 214 has been detected in step S2, or may be
calculated by using a captured image that 1s obtained from the
infrared camera 4 at the point 1n time when the process of step
S11 1s performed. The calibration process may be performed
by the system program before the launch of the application.
For example, 1n other embodiments, the calibration process
may be performed before the process of step S3 when the
determination result of step S2 1s aflirmative.

[0135] Instep S12,the control section 14 obtains a captured
image from the infrared camera 4. In step S13 to follow, the
control section 14 determines an operation performed on the
operation device 20 based on the captured image obtained 1n
step S12. That1s, the control section 14 determines whether or
not an operation has been performed for each of the operation
buttons 22A to 22D by the method described 1n “[4. Deter-
mining operation performed on operation device]” above.
Note that the reference position used 1n the process of step
S13 1s calculated 1n the process of step S11.
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[0136] In step S14, the control section 14 performs a pro-
cess 1n accordance with the content of the operation as deter-
mined 1n step S13. The specific content of the process 1s not
limited to any particular content, and the process may be a
process of controlling a character 1n accordance with the
content of the operation 1n a case where a game application 1s
performed, for example. In step S14, the process may be
performed 1n accordance with operations performed on the
operation sections (the mput button 6 and the touch panel 3)
of the portable device 1, as well as those performed on the
operation buttons 22A to 22D.

[0137] In step S1S5, the control section 14 determines
whether or not to end the application. The specific method for
the determination in step S15 may be any method. In the
present embodiment, it 1s determined to end the application
when the user gives a predetermined ending instruction or
when the operation device 20 1s detached from the portable
device 1. Specifically, the control section 14 performs a first
determination process of determining whether or not the user
has given a predetermined ending instruction, and performs a
second determination process of determining whether or not
the operation device 20 has been detached from the portable
device 1. For example, the second determination process may
be performed based on whether or not the reference marker
21d or the movable portions 23 A to 23D has been 1dentified
from the captured 1image obtained 1n step S12. If the determi-
nation result of either the first determination process or the
second determination process 1s affirmative, the control sec-
tion 14 determines to end the application. In such a case, the
control section 14 ends the application. On the other hand, the
determination results from the first determination process and
the second determination process are both negative, the con-
trol section 14 determines not to end the application. In such
a case, the control section 14 performs again the process of
step S12, and thereafter repeatedly performs the series of
processes of steps S12 to S15 until 1t 1s determined to end the
application 1n step S15.

[0138] As described above, 1n the present embodiment, 1f
the operation device 20 1s removed from the portable device 1
while the series of processes 1s performed 1n steps S12 to S15,
the process of step S15 ends the application. Therefore, the
user can end the application using the operation device 20
simply by removing the operation device 20 from the portable
device 1. That 1s, the user does not need to perform an opera-
tion of ending an application, and thus the user operation 1s
simplified in the present embodiment.

[0139] [6. Function and Effect of the Present Embodiment
and Variations Thereof]

[0140] As described above, 1n the embodiment above, the
operation device 20 can be attached to an information pro-
cessing device (the portable device 1) including an 1mage-
capturing unit (the infrared camera 4), and has the following
configuration:

[0141] a housing 21 of which the inside 1s visible from
the outside through at least a portion thereot (a portion
where the opening portion (the hole 21a) 1s formed);

[0142] amovable operation section (the operation button
22) at least a portion of which 1s exposed on the outside
of the housing 21; and

[0143] a movable portion 23 placed at a position inside
the housing 21 that 1s visible from the outside of the
housing 21 through the above portion of the housing 21.

[0144] The operation device 20 1s attached to the informa-
tion processing device at such a position that the 1mage-
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capturing unit can capture an image of the inside of the
housing 21 through the opening portion (see FIG. 8). The
information processing device determines an operation per-
formed on the operation section based on a captured image (a
captured 1image including an image of the movable portion)
obtained by the image-capturing unit (step S13), and per-
forms a predetermined process based on the determined
operation (step S14).

[0145] With the configuration described above, the mov-
able portion 23 may change 1ts position, may change 1its
attitude, or may change 1ts position and 1ts attitude in response
to the operation section being operated. The method for deter-
mining an operation performed on the operation section
based on the captured image including the image of the mov-
able portion 23 may be a method for determining an operation
based on at least one of the position, the direction and the
shape of the movable portion 23 1n the captured 1image, for
example.

[0146] With the above configuration, the information pro-
cessing device to which the operation device 20 1s attached
can capture an 1mage of the movable portion by means of the
image-capturing unit, and determine an operation performed
on the operation section based on the captured image. There-
fore, it 1s possible to simplify the configuration of the opera-
tion device because the operation device does not need an
electrical configuration for detecting the operation and trans-
mitting the detection result to the information processing
device.

[0147] Note that the information processing device to
which the operation device 1s attached 1s not limited to a
device including a display section as in the embodiment
above, but may be a controller device such as a game control-
ler, for example. For example, the game controller may be a
game controller for capturing an 1mage of an outside marker
by means of a camera, and the operation performed on the
game controller (e.g., an operation of pointing at the screen,
or an operation of moving the game controller) may be deter-
mined based on the captured image. An operation device such
as that of the embodiment above may be attached to such a
game controller, and the camera of the game controller may
capture an 1mage of the movable portion of the operation
device. Then, 1t 1s possible to determine the operation per-
formed on the operation section based on the captured image
obtained by the camera. The operation device may be
attached to an information processing system including a
controller, and a main console device that can be attached/
detached to/from the controller. For example, the operation
device may be attached to a portable information processing
device (which can also be said to be an information process-
ing system) including a main console device and a controller.
For example, the controller may include the image-capturing
unit, and determine an operation performed on the operation
section based on the captured image obtained by the 1mage-
capturing device. Then, the main console device may perform
a predetermined process based on the determined operation.

[0148] Note thatitis notnecessary that the operation device
20 be a device including no electrical configuration. In other
embodiments, the operation device 20 may 1nclude an elec-
trical configuration such as an electronic circuit. For example,
the operation device 20 may include a communication section
for communicating with another information processing
device different from the portable device 1 to which 1t 1s
attached. The operation device 20 may be electrically con-
nected to the portable device 1, and may for example include
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a speaker for recetving a sound signal from the portable
device 1 to output sounds. Even in the case of an electrical
configuration as described above, 1t 1s possible according to
the embodiment above to simplity the configuration of the
operation device regarding the configuration for the operation
section.

[0149] Note that the infrared camera 4 1s used as the 1mage-
capturing unit for capturing an 1mage of the movable portion
in the embodiment above. Here, the image-capturing unit
may be any image-capturing device (1.e., a camera) capable of
capturing an 1mage. In other embodiments, a visible light
camera (a camera using a visible light image sensor, e.g., an
RGB camera) may be used as the image-capturing unit. In
such a case, the 1lluminating section 7 may be a tlash provided
in the information processing device used when capturing an
image.

[0150] Note that the movable portion may include a recog-
nition portion in an area that 1s visible from the outside of the
housing through a portion of the housing 21 (the portion of the
hole 21a), wherein the recognition portion 1s distinguishable
from other portions (movable portions other than the 1denti-
fication portion and the mner wall surface of the housing).
Note that “distinguishable” means that it can be distinguished
by an 1mage-capturing device (the infrared camera 4). For
example, the movable portion may include, 1n the area, an
identification portion that 1s different from other portions in
terms of at least one of the shape, the design pattern, the color
and the maternial. Then, the 1image-capturing unit can easily
recognize the identification portion as distinguished from
other portions.

[0151] In the embodiment above, at least a portion of the
area of the movable portion 23 (the hatched area shown 1n
FIG. 7) that 1s visible from the outside of the housing 21
through the opening portion of the housing 21 1s formed by a
member that can be distinguished by the infrared camera 4
from other portions. Then, 1t 1s possible to capture an image of
the movable portion by using an infrared camera, and deter-
mine an operation performed on the operation section based
on the captured image.

[0152] In the embodiment above, the operation section
includes the operation button 22A and the operation button
22D that can be operated independently of each other. The
operation button 22A and the operation button 22D are
arranged 1n line with each other 1n the front-rear direction as
seen through the opening portion (see FIG. 7). The movable
portion includes the movable portion 23 A of which the posi-
tion (or the attitude) changes in response to the operation
button 22 A being operated, and the movable portion 23D of
which the position (or the attitude) changes 1n response to the
operation button 22D being operated (see FIG. 7). Here, the
movable portion 23D 1s displaced from the movable portion
23 A as seen through the opening portion (see FIG. 10). Then,
even 1f a plurality of operation buttons are arranged 1n line
with each other in the front-rear direction as seen from the
image-capturing unit of the information processing device, it
1s possible to determine operations on the operation buttons
by capturing an image of the movable portions.

[0153] Inthe embodiment above, on the inside of the hous-
ing 21, a predetermined reference marker 214 1s provided at a
position inside the housing 21 that 1s visible from the outside
of the housing 21 through the opening portion of the housing
21. The position at which the movable portion 1s provided 1s
different from the position at which the marker 1s provided
(see FIG. 6). The mnformation processing device recognizes
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the reference marker 214 1n the captured image to determine
an operation performed on the operation button 22 based on
the position of the image of the movable portion 23 with
respect to the reference marker 21d (the position of the image
of the reference marker 21d) in the captured image Note that
the determination of the operation can be done based at least
on one of the position, the direction and the shape of the image
of the movable portion 23 with respect to the reference marker
21d.

[0154] Then, the information processing device can more
accurately detect the position, the direction and/or the shape
of the movable portion 23, and it i1s therefore possible to
accurately determine an operation.

[0155] (Vanation Regarding Operation Section of Opera-
tion Device)
[0156] In other embodiments, the operation section of the

operation device 20 may include an operation means other
than an operation button. For example, the operation section
may be a rotational operation section that can be rotated.
Referring to FIG. 15 and FIG. 16, a variation where the
operation device 20 includes a rotational operation section as
an operation section will now be described.

[0157] FIG. 15 shows an example rotational operation sec-
tion of the operation device 20. In the present varniation, the
operation device 20 includes a rotational operation section 41
that can be rotated by the user. Specifically, the rotational
operation section 41 1s provided on the outside of the housing
21, and 1s provided rotatably relative to the housing 21. Note
that although the rotational operation section 41 can rotate
about the z axis in FIG. 15, the direction of rotation may be
any direction 1n other embodiments.

[0158] As shown in FIG. 15, the rotational operation sec-
tion 41 1s fixedly connected to a rotation shaft 42. A rotatable
portion 43 1s placed inside the housing 21, and the rotation
shaft 42 1s connected to the rotatable portion 43 via, for
example, a gear (not shown). Although not shown in the
figure, the rotatable portion 43 1s supported inside the housing
21 so that the rotatable portion 43 can rotate 1n accordance
with the rotation of the rotation shait 42. Although the rotat-
able portion 43 1s configured so that the rotatable portion 43
can rotate about the y-axis direction in FIG. 15, the direction
of rotation may be any direction in other embodiments (see
FIG. 16). The rotatable portion 43 includes a recognition
portion (hatched area shown in FIG. 15) whose direction
changes by being rotated.

[0159] Also 1n the present variation, as 1n the embodiment
above, the portable device 1 can determine an operation per-
formed on the operation section based on the captured image
obtained by the infrared camera 4. Specifically, the control
section 14 of the portable device 1 captures an 1image of the
rotatable portion 43 by means of the infrared camera 4,
thereby obtaining a captured image including the image of the
rotatable portion 43. Then, the control section 14 identifies,
from the captured image, the image of the recognition portion
of the rotatable portion 43, and calculates the angle of rotation
of the rotational operation section 41 based on the 1dentified
image direction. The angle of rotation to be calculated may be
an absolute value or a relative value relative to a predeter-
mined reference (e.g., an angle of rotation calculated from the
previously-obtained captured image). The portable device 1
performs a predetermined process using the calculated angle
of rotation as an operation input.

[0160] Note that the mechanism of the rotatable portion 43
for calculating the angle of rotation of the rotational operation
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section 41 1s not limited to the one described above, but may
be any other mechanism. For example, in other embodiments,
the rotatable portion connected to the rotational operation
section 41 may be rotatable 1n the same rotation direction as
the rotational operation section 41. FIG. 16 shows another
example rotational operation section of the operation device
20. In FIG. 16, a rotatable portion 45 1s connected to the
rotational operation section 41 and the rotation shait 42 so
that they rotate about the same rotation axis. That is, the
rotatable portion 45 rotates by the same amount in the same
direction as the rotational operation section 41 1n response to
the rotational operation section 41 being rotated.

[0161] InFIG. 16, the rotatable portion 45 has a cylindrical
shape. Here, a recognition portion 1s formed on the side
surface of the rotatable portion 45 so that 1ts height (length 1n
the z-axis direction) varies depending on the angle of rotation
(see the unfolded diagram of the side surface shown in FIG.
16). Then, 1n the captured image obtained by the infrared
camera 4, the height of the image of the recognition portion of
the rotatable portion 45 (e.g., the height of the image of the
recognition portion at the central position in the left-right
direction) varies depending on the angle of rotation. There-
fore, 1t1s possible to calculate the height based on the captured
image, and to calculate the angle of rotation of the rotatable
portion 45, 1.e., the angle of rotation of the rotational opera-
tion section 41, based on the height.

[0162] As described above, the recognition portion 1is
formed on the side surface of the rotatable portion 45 so that
the recognition portion appears to have a different shape (or a
different design pattern) depending on the angle of rotation.
Note that the shape of the recognition portion 1s not limited to
the shape shown 1n FIG. 16. FIG. 17 shows another example
of an unfolded diagram of the side surface of the rotatable
portion 45. In other embodiments, a design pattern as shown
in FIG. 17 may be formed on the side surface of the rotatable
portion 45 as the recognition portion. Then, the control sec-
tion 14 of the portable device 1 detects the design pattern
(pattern) of the recognition portion 1n a predetermined area
(e.g., the central area 1n the left-right direction) of the image
of the rotatable portion 45 included in the captured image.
The control section 14 can calculate the angle of rotation of
the rotatable portion 45, 1.e., the angle of rotation of the
rotational operation section 41, based on the detected pattern.

[0163] As described above, in the variation above, the
operation section 1s configured to be rotatable. The movable
portion (the rotatable portion 43, 45) rotates 1n accordance
with the rotation of the operation section, and the shape
and/or the design pattern of the movable portion as seen
through the opening portion changes as the movable portion
rotates. Then, based on the captured image (more specifically,
based on the shape and/or the design pattern of the movable
portion 1n the captured 1mage), the portable device 1 deter-
mines an operation performed on the operation section (the
angle of rotation). Then, the portable device 1 can determine
an operation performed on the operation section, which 1s
operated by being rotated by the user. That 1s, 1t 1s possible to
use, as an operation device attached to the portable device 1,
an operation device having an operation section that 1s oper-
ated by being rotated by the user.

[0164] Inother embodiments, the operation section may be
a stick that can be tilted 1n the up, down, left and right direc-
tions, or may be a slide pad that is slidable in the up, down, lett
and right directions. In the case of a stick or a slide pad, the
movable portion 1s configured so that the movable portion
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moves 1n a direction depending on the tilt direction or the slide
direction. Thus, 1t 1s possible to determine the tilt direction or
the slide direction based on the image of the movable portion.

[0165] Note that although the movable portion 23 moves in
the up-down direction, as seen through the opening portion
(1.e., as seen from the image-capturing direction), in response
to the operation section being operated in the embodiment
above, the moving direction of the movable portion may be
any other direction. For example, the movable portion may
move 1n at least one of the left-right direction and the front-
rear direction as seen from the image-capturing direction.

[0166] Note that the position (movement) in the up-down
direction and the left-right direction can be determined based
on the position (the position on the captured image) of the
image of the recognition portion of the movable portion. The
position (movement) in the front-rear direction can be deter-
mined based on the brightness value of the image (i.e., the
value representing the brightness of each pixel in the captured
image) of the recognition portion. That 1s, where the 1llumi-
nating section 7 outputs infrared light, as the recognition
portion 1s positioned more forward, the brightness value will
be higher in an area of the recognition portion, and the por-
table device 1 can therefore determine the position of the
movable portion 1n the front-rear direction based on the
brightness value of the area. In the embodiment above, the
position (movement) in the front-rear direction may be cal-
culated by using detection results from the distance measur-
Ing sensor 3.

[0167] In the embodiment above, the portable device 1
determines whether or not the operation section 1s operated
based on the captured 1image, and performs a predetermined
process based on whether 1t 1s determined that the operation
section has been operated. Note that although the portable
device 1 performs a predetermined process 1n response to the
operation section being operated in the embodiment above,
the portable device 1 may, in other embodiments, perform a
predetermined process in response to an operation on the
operation section being released (e.g., the release of pressing
of an operation button). In the variation shown in FIG. 15, the
portable device 1 calculates the amount of operation on the
operation section based on the captured image, and performs
a predetermined process based on the amount of operation.
Thus, for an operation performed on the operation device 20,
the portable device 1 may calculate a digital input value
(ON/OFF) or calculate an analog 1input value (an input value
represented in three or more steps).

[0168] Note that even 1f the operation device 20 of the
embodiment above 1s used, the portable device 1 can calculate
an analog input value. That 1s, 1n the embodiment above, 1t 1s
possible to calculate the amount of operation (amount of
pressing) on the operation button 22 depending on the dis-
tance from the reference position described above to the
movable portion 1mage.

[0169] (Varniation in which Process 1s Varied Depending on
Type of Marker)

[0170] Next, a variation in which the portable device 1
varies the process to be performed based on the type of the
marker provided on the operation device. In the present varia-
tion, a process marker 1s provided on the inner wall surface of
the housing 21 of the operation device 20. A process marker
1s a marker representing the content of the process to be
performed when the process marker 1s detected. In the present
variation, when a process marker 1s 1dentified from the cap-
tured 1mage, the portable device 1 performs a process in
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accordance with the process marker. Referring to FIG. 18 and
FIG. 19, the details of the present variation will be described.
[0171] FIG. 18 shows an example captured image obtained
by the infrared camera 4 according to the present variation. As
shown 1n FI1G. 18, according to the present variation, when the
infrared camera 4 captures an 1image of the inside of the
housing 21, the captured image includes an 1mage 35 of a
process marker, 1n addition to the reference marker image 30
and the movable portion images 31A to 31D. The shape of the
process marker may be any shape. For example, the process
marker may be a two-dimensional bar code.

[0172] FIG. 19 1s a flow chart showing an example of the
flow of a process performed by the portable device 1 accord-
ing to the present variation. According to the present varia-
tion, a series of processes shown i1n FIG. 19 1s performed,
instead of the series of processes of the embodiment above
shown in FIG. 13. The flow of the process of the present
variation will now be described while focusing on 1ts differ-
ences from the series of processes shown 1n FIG. 13.

[0173] Also 1n the present variation, as in the embodiment
above, the processes of steps S1 and S2 are performed. In the
present variation, the control section 14 performs the process
of step S21 1f the determination result of step S2 1s affirmative.
On the other hand, 1f the determination result of step S2 1s
negative, the process of step S1 1s performed again as in the
embodiment above.

[0174] In step S21, the control section 14 determines
whether or not a process marker has been detected from the
captured 1image obtained 1n step S1. The specific method for
the determination process of step S21 may be similar to the
determination process of step S2. If the determination result
of step S21 1s aflirmative, the process of step S22 15 per-
formed. On the other hand, 1f the determination result of step
S21 1s negative, the process of step S1 1s performed again.

[0175] Note that in other embodiments, the operation
device 20 may not be provided with the reference marker 21d
and be provided only with a process marker. Then, the por-
table device 1 may perform the process of step S21 following
step S1.

[0176] In step S22, the control section 14 performs a pro-
cess 1n accordance with the type of the marker detected 1n step
S21. Here, the method for 1identifying the process associated
with the detected marker may be any method. For example,
the portable device 1 may pre-store a table 1n which a plurality
of types of markers are each associated with a process to be
performed when the marker 1s detected. Then, 1n step S22, the
portable device 1 identifies the process associated with the
detected marker with reference to the table. For example,
where the process marker 1s capable of representing informa-
tion (e.g., where 1t 1s a two-dimensional bar code), informa-
tion for identifying the process to be performed when the
process marker 1s detected may be included in the information
represented by the process marker. Then, the portable device
1 analyzes the detected marker to read information, and 1den-
tifies, as the process to be performed, the process indicated by
the read information.

[0177] The process to be performed 1n accordance with the
type of the detected marker may be of any content. The
process performed 1n step S22 may be, for example, a process
of launching a predetermined application program with
which the operation device 20 can be used. The process
performed 1n step S22 may be a process of obtaining a pre-
determined application program with which the operation
device 20 can be used. That 1s, the control section 14 may
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access a predetermined external device (e.g., a server capable
of communicating with the portable device 1 via a network) to
obtain the application program. Then, the obtained applica-
tion program may be executed automatically. The process
performed 1n step S22 may be a process of obtaining a web
page from a server and displaying the web page on the display
2. For example, the web page to be displayed may be a web
page for downloading an application program, or an adver-
tisement of the vendor of the operation device 20.

[0178] Note that the control section 14 may change the type
of the process to be performed depending on the type of the
marker detected. That 1s, depending on the type of the marker
detected, the control section 14 may perform one of the pro-
cess of launching an application program, the process of
obtaining an application program, and the process of display-
ing a web page. Depending on the type of the marker detected,
the control section 14 may change the content of the process
within the same process type. That 1s, depending on the type
of the marker detected, the control section 14 may change the
application program to be launched, change the application
program to be obtained, or change the web page to be dis-
played.

[0179] Instep S22, when the process 1n accordance with the
type of the marker 1s ended, the control section 14 ends the

process of step S22, and then performs again the process of
step S1.

[0180] As described above, according to the varation
above, the portable device 1 performs a different process
depending on the type of the process marker recognized based
on the captured image. Then, by providing a different process
marker for each operation device, i1t 1s possible, when an
operation device 1s attached to the portable device 1, for the
portable device 1 to perform a process 1n accordance with the
operation device.

[0181] As described above, according to the embodiment
above and the variation above, 1nside the housing 21, a pre-
determined marker (the reference marker 21d or a process
marker) 1s provided at a position 1nside the housing 21 that 1s
visible from the outside of the housing 21 through an opening
portion of the housing 21. The information processing device
(the portable device 1) recognizes the predetermined marker
in the captured image obtained by the infrared camera 4 (step
S2,S521), and performs a predetermined process based on the
marker recognition result (step S3, S15, S22).

[0182] Then, since the portable device 1 performs a prede-
termined process based on the marker recognition result, an
appropriate process 1n accordance with an operation device
attached to the portable device 1 can be performed without the
user giving an instruction to perform the predetermined pro-
cess. This makes it possible to save the trouble of the user
having to give an 1nstruction, and to reduce the possibility that
an mappropriate process may be performed due to an errone-
ous operation by the user, or the like. This advantage can be
realized not only when the accessory 1s an operation device,
but also with any accessory that adds a function to the infor-
mation processing device (portable device). That 1s, the
accessory 1s not limited to an operation device that adds an
operation function to the information processing device, but
may also be a device that adds a predetermined function.

[0183] The “marker recognition result” may be the deter-
mination result indicating whether a marker has been recog-
nized, or may be the result of i1dentitying the type of the
marker recognized. That 1s, the portable device 1 may per-
form a predetermined process (a process of launching an
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application, or a process of ending an application) based on
the determination result indicating whether or not a marker
has been recognized, as in the embodiment above. Alterna-
tively, the portable device 1 may perform a predetermined
process (a process performed in step S22) based on the result
of 1dentifying the type of the marker recognized, as in the
variation above. The portable device 1 may be capable of
recognizing a certain type of a marker, or may be capable of
recognizing a plurality of types of markers.

[0184] For example, the “predetermined process” may be a
process as follows. That 1s, the portable device 1 may deter-
mine that the operation device 20 has been attached to the
portable device 1 when 1t 1s determined that the predeter-
mined marker has been recognized. Note that when it 1s
determined that the operation device 20 has been attached to
the portable device 1, the portable device 1 may give the user
a notification or may launch a predetermined application (as
in the embodiment above).

[0185] Alternatively, 11 it 1s determined that the predeter-
mined marker has been recognized, the portable device 1 may
determine that an authentic operation device has been
attached to the portable device 1 and allow a predetermined
process to be performed on the portable device 1. If 1t 1s
determined that the predetermined marker cannot be recog-
nized, the portable device 1 may determine that an unauthen-
tic operation device has been attached to the portable device
1 and prohibit the predetermined process from being per-
formed. For example, the predetermined process may be the
process performed 1n step S22 described above, or may be any
other process.

[0186] As described above, the embodiment above can be
applied to a portable device, such as a mobile telephone, a
smartphone or a portable game device, and to an accessory
(attachment) that can be attached to such a portable device,
with the aim of providing an accessory with a simple con-
figuration.

[0187] 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. An accessory which can be attached to an information
processing device, the accessory comprising;:

a housing of which an inside 1s visible from an outside
thereof through at least a portion thereof;

a movable operation section at least a portion of which 1s
exposed on the outside of the housing; and

a movable portion placed at a position 1nside the housing
that 1s visible from the outside of the housing through the
portion of the housing, wherein a position and/or an
attitude of the movable portion changes 1n response to
the operation section being operated.

2. The accessory according to claim 1, wherein:
a portion of the housing has an opening; and

the movable portion 1s placed at a position 1inside the hous-
ing that 1s visible from the outside of the housing through
the opening portion of the housing.

3. The accessory according to claim 1, wherein the mov-
able portion 1includes an identification portion 1n an area that
1s visible from the outside of the housing through the portion
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of the housing, wherein the 1dentification portion 1s distin-
guishable from other portions.

4. The accessory according to claim 1, wherein at least a
portion of the area of the movable portion that 1s visible from
the outside of the housing through the portion of the housing
1s formed by a member that can be identified by an infrared
camera.

5. The accessory according to claim 1, further comprising
a connecting portion for connecting the housing with the
information processing device so that the portion of the hous-
ing 1s covered by the information processing device to which
the accessory 1s attached.

6. The accessory according to claim 1, wherein the mov-
able portion moves, 1n response to the operation section being
operated, 1n at least one of an up-down direction, a left-right
direction and a front-rear direction as seen through the por-
tion of the housing.

7. The accessory according to claim 1, wherein the opera-
tion section and the movable portion are configured as an
integral part.

8. The accessory according to claim 1, wherein on the
inside of the housing, a predetermined marker 1s provided at
a position mside the housing that 1s visible from the outside of
the housing through the portion of the housing, wherein the
position at which the movable portion 1s provided 1s different
from the position at which the marker 1s provided.

9. The accessory according to claim 1, wherein:

the operation section includes a first operation member and
a second operation member that can be operated inde-
pendently of each other;

the first operation member and the second operation mem-
ber are arranged 1n line with each other in a front-rear
direction as seen through the portion of the housing;

the movable portion includes a first movable portion of
which a position and/or an attitude changes 1n response
to the first operation member being operated, and a
second movable portion of which a position and/or an
attitude changes in response to the second operation
member being operated; and

the first movable portion 1s displaced from the second
movable portion as seen through the portion of the hous-
ing.

10. The accessory according to claim 1, wherein:

the operation section 1s configured to be rotatable; and

the movable portion rotates 1n accordance with rotation of
the operation section, and a shape and/or a design pattern
of the movable portion as seen through the portion of the
housing changes as the movable portion rotates.

11. An mformation processing system including an infor-
mation processing device having a camera, and an accessory
which can be attached to the information processing device,
wherein:

the accessory includes:

a housing of which an inside 1s visible from an outside
thereot through at least a portion thereof;

a movable operation section at least a portion of which 1s
exposed on the outside of the housing; and

a movable portion placed at a position 1nside the housing
that 1s visible from the outside of the housing through
the portion of the housing, wherein a position and/or
an attitude of the movable portion changes in response
to the operation section being operated;
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the accessory 1s attached to the information processing
device at such a position that the camera can capture an
image of the iside of the housing through the portion of
the housing; and

one or more processor of the information processing sys-
tem:

determines an operation performed on the operation sec-
tion based on a camera 1image captured by the camera
and including an 1image of the movable portion; and

performs a predetermined process based on the deter-
mined operation.

12. The information processing system according to claim
11, wherein:

the processor determines whether or not the operation sec-
tion 1s operated based on the camera 1image; and

the processor performs a predetermined process based on
whether or not the operation section 1s operated.

13. The information processing system according to claim
11, wherein:

the processor calculates an amount of operation performed
on the operation section based on the camera 1image; and

the processor performs a predetermined process based on
the amount of operation.

14. The information processing system according to claim
11, wherein:

on the 1nside of the housing, a predetermined marker 1s
provided at a position 1nside the housing that 1s visible
from the outside of the housing through the portion of
the housing, wherein the position at which the movable
portion 1s provided 1s different from the position at
which the marker 1s provided; and

the processor recognizes the predetermined marker in the
camera 1mage to determine an operation performed on
the operation section based on at least one of a position,
a direction and a shape of an image of the movable
portion with respect to the marker in the camera 1mage.

15. An information processing system comprising an infor-
mation processing device having a camera, and an accessory
which can be attached to the information processing device,
wherein:

the accessory includes a housing of which an inside 1s
visible from an outside thereof through at least a portion
thereof;

on the 1nside of the housing, a predetermined marker 1s
provided at a position 1nside the housing that 1s visible
from the outside of the housing through the portion of
the housing;

the accessory can be attached to the information processing
device at such a position that the camera can capture an
image of the 1inside of the housing through the portion of
the housing; and

one or more processor of the information processing sys-
tem:

recognizes the predetermined marker in the camera
image obtained by the camera; and

performs a predetermined process based on the marker
recognition result.

16. The information processing system according to claim
15, wherein the processor performs a different process
depending on a type of the marker recognized.

17. An information processing system to which an acces-
sory can be attached, wherein:
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the information processing system includes a camera;

one or more processor of the information processing sys-
tem:

with the accessory attached thereto, recognizes a prede-

termined marker 1n a camera 1image obtained by the
camera; and

performs a predetermined process based on the marker
recognition result.

e s e x s
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