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Description

Title of Invention: IMAGE PROCESSING APPARATUS, IMAGE
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PROCESSING METHOD, AND PROGRAM
Technology Field

The present disclosure relates to an image processing apparatus, an image processing
method, and a program.

The present disclosure contains subject matter related to that disclosed in Japanese
Priority Patent Application JP 2012-133786 filed in the Japan Patent Office on June
13, 2012, the entire content of which is hereby incorporated by reference.
Background Art

In recent years, higher functionality or multi-functionality of devices such as
electronic devices is progressing more and more, and content of instructions that has to
be given to a device for a user to use the device is more diversified and complicated.
Under these circumstances, in many devices, a GUI (Graphical User Interface) is
adopted as a user interface, and enables a user to give instructions to the device more
easily than when using a device with a CUI (Character User Interface). However, for
example, for users who are not familiar with a manipulation using a pointing device
such as a mouse, the GUI whose manipulation is performed using the pointing device
is not necessarily a user interface with excellent maneuverability.

Under these circumstances, technology related to a user interface for improving ma-
neuverability has been developed. An example of technology for displaying, on a
display screen, an image in which a captured image and an object image related to an
object associated with a predetermined event are combined may include technology
described in PTL 1.

Citation List

Patent Literature
PTL 1: Japanese Patent Application Laid-Open No. 2005-216061
Summary

Technical Problem

An image in which a captured image (a mirror image based on a captured image; the
same applies hereinafter) and an object image related to an object associated with a
predetermined event are combined is displayed on a display screen, for example, as in
a case in which the technology described in PTL 1 is used, making it possible to feed a
gesture operation of a user back to the user.

However, for example, the technology described in PTL 1 is intended to change a

position in which the object image is combined according to a position of the user
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detected from the captured image. Accordingly, for example, when a manipulation
target image including an object that is a manipulation target that can be manipulated
by the user (hereinafter referred to as "manipulation target object"), such as a button or
an icon, like a web page and the captured image are combined, it is difficult to apply,
for example, the technology described in PTL 1. Thus, for example, a process related
to the technology described in PTL 1 is not necessarily a gesture recognition-conscious

process.
In the present disclosure, a new and improved image processing apparatus, image

processing method, and program capable of displaying a captured image and a ma-
nipulation target image on a display screen while preventing degradation of maneu-

verability of a user are proposed.

Solution to Problem

According to an embodiment of the present disclosure, there is provided an in-
formation processing system including: circuitry configured to: control a display to
display an image generated based on a manipulation target image and an image based
on a manipulation target region that is set based on a detection of an object included in
acquired image data.

Further, according to another embodiment of the present disclosure, there is provided
a method performed by an information processing system, the method including: con-
trolling a display to display an image generated based on a manipulation target image
and an image based on a manipulation target region that is set based on a detection of
an object included in acquired image data.

Further, according to the embodiment of the present disclosure, there is provided a
non-transitory computer-readable medium including computer-program instructions,
which when executed by an information processing system, cause the information
processing system to: control a display to display an image generated based on a ma-
nipulation target image and an image based on a manipulation target region that is set
based on a detection of an object included in acquired image data.

Advantageous Effects of Invention

According to the embodiment of the present disclosure, it is possible to display the
captured image and the manipulation target image on the display screen while
preventing degradation of the maneuverability of the user.

Brief Description of Drawings

[fig.1]Fig. 1 is an illustrative diagram illustrating an example of a region setting
process according to the present embodiment.

[fig.2]Fig. 2 is an illustrative diagram illustrating an example of a region setting

process according to the present embodiment.
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[fig.3]Fig. 3 is an illustrative diagram illustrating an example of a region setting
process according to the present embodiment.

[fig.4]Fig. 4 is an illustrative diagram illustrating an example of a region setting
process according to the present embodiment.

[fig.5]Fig. 5 is an illustrative diagram illustrating an example of a manipulation target
region set by an image processing apparatus according to the present embodiment.
[fig.6]Fig. 6 is an illustrative diagram illustrating an example of an effect of an image
processing apparatus according to the present embodiment separately setting a display
target region and a manipulation target region.

[fig.7]Fig. 7 is an illustrative diagram illustrating another example of the region setting
process according to the present embodiment.

[fig.8]Fig. 8 is an illustrative diagram illustrating an example of a method of notifying
a user that the user is closer to the outside of a range of recognition in a manipulation
target region according to the present embodiment.

[fig.9A]Fig. 9A is an illustrative diagram illustrating an example of a combined image
to be displayed on a display screen by the image processing apparatus according to the
present embodiment.

[fig.9B]Fig. 9B is an illustrative diagram illustrating an example of a combined image
to be displayed on a display screen by the image processing apparatus according to the
present embodiment.

[fig. 10A]Fig. 10A is an illustrative diagram illustrating an example of a combined
image to be displayed on a display screen by the image processing apparatus according
to the present embodiment.

[fig. 10B]Fig. 10B is an illustrative diagram illustrating an example of a combined
image to be displayed on a display screen by the image processing apparatus according
to the present embodiment.

[fig.11]Fig. 11 is an illustrative diagram illustrating an example of a combined image
to be displayed on a display screen by the image processing apparatus according to the
present embodiment.

[fig.12]Fig. 12 is an illustrative diagram illustrating an example of a combined image
to be displayed on a display screen by the image processing apparatus according to the
present embodiment.

[fig.13]Fig. 13 is an illustrative diagram illustrating an example of a manipulation
target image according to the present embodiment.

[fig.14]Fig. 14 is an illustrative diagram illustrating another example of image
processing in the image processing apparatus according to the present embodiment.
[fig.15]Fig. 15 is an illustrative diagram illustrating an example of a predetermined

region larger than a display target region according to the present embodiment.
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[fig.16]Fig. 16 is an illustrative diagram illustrating another example of image
processing in the image processing apparatus according to the present embodiment.
[fig.17]Fig. 17 is an illustrative diagram illustrating another example of image
processing in the image processing apparatus according to the present embodiment.
[fig.18]Fig. 18 is an illustrative diagram illustrating another example of image
processing in the image processing apparatus according to the present embodiment.
[fig.19]Fig. 19 is an illustrative diagram illustrating an example of a notification
process in the image processing apparatus according to the present embodiment.
[fig.20]Fig. 20 is an illustrative diagram illustrating an example of a notification
process in the image processing apparatus according to the present embodiment.
[fig.21]Fig. 21 is an illustrative diagram illustrating an example of a notification
process in the image processing apparatus according to the present embodiment.
[fig.22]Fig. 22 is a flow diagram illustrating an example of a process according to an
image processing method according to the present embodiment.

[fig.23]Fig. 23 is a block diagram illustrating an example of a configuration of the
image processing apparatus according to the present embodiment.

[fig.24]Fig. 24 is an illustrative diagram illustrating an example of a hardware con-
figuration of the image processing apparatus according to the present embodiment.
Description of Embodiments

Hereinafter, preferred embodiments of the present disclosure will be described in
detail with reference to the appended drawings. Note that, in this specification and the
appended drawings, structural elements that have substantially the same function and
structure are denoted with the same reference numerals, and repeated explanation of
these structural elements is omitted.

Further, a description will be given in the following order:

1. Image processing method according to the present embodiment

2. Image processing apparatus according to the present embodiment

3. Program according to the present embodiment

(Image processing method according to the present embodiment)

An image processing method according to the present embodiment will be described
prior to a description of a configuration of the image processing apparatus according to
the present embodiment. Further, in the following description, it is assumed that the
image processing apparatus according to the present embodiment performs a process
according to the image processing method according to the present embodiment.

[1] Overview of image processing method according to the present embodiment

As a method of displaying a captured image for feeding a gesture operation back to a

user and a manipulation target image on a display screen, for example, a method for
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combining the captured image with the manipulation target image and displaying a
resultant image on the display screen may be considered.

However, when the method of simply combining the captured image with the ma-
nipulation target image and displaying a resultant image on the display screen is used,
for example, it may be difficult for the user to manipulate a manipulation target object
arranged within the display screen. An example of a case in which it is difficult for the
user to manipulate the manipulation target object arranged within the display screen
may include a case in which a hand of the user does not reach the manipulation target
object arranged at a screen edge of the display screen even when the user moves the
hand. Thus, when the method of simply combining the captured image with the ma-
nipulation target image and displaying a resultant image on the display screen is used,
the maneuverability of the user may be degraded.

Therefore, the image processing apparatus according to the present embodiment sets
a manipulation target region in a part of the captured image (a region setting process).
Further, the image processing apparatus according to the present embodiment
combines an image of a region corresponding to the manipulation target region to be
displayed on the display screen in the captured image (hereinafter referred to as a
"display target region") with the manipulation target image (image processing). Also,
the image processing apparatus according to the present embodiment displays a
combined image on the display screen (a display control process).

Here, the captured image according to the present embodiment is, for example, an
image obtained by performing mirror image processing (a horizontal inversion
process) on an image captured by an external imaging apparatus or by an imaging unit
(which will be described below) when the image processing apparatus according to the
present embodiment includes the imaging unit (which will be described below). The
captured image according to the present embodiment serves to feed a gesture operation
back to a user. As the image with which the captured image has been combined is
displayed on the display screen, a user can visually confirm, for example, content of
his or her gesture, such as performing a manipulation of sliding his or her hand or
pressing using the hand or performing an enlarging manipulation, a reducing ma-
nipulation or a moving manipulation using multiple fingers. Here, the mirror image
processing may be performed by the image processing apparatus according to the
present embodiment or may be performed by the external apparatus such as an imaging
apparatus that has performed imaging. Further, an example of the captured image
according to the present embodiment may include a moving image (or a plurality of
still images). Hereinafter, a case in which the captured image according to the present
embodiment is a moving image including a plurality of frame images will be described

by way of example.
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An example of the external imaging apparatus and the imaging unit (which will be
described below) according to the present embodiment may include a camera capable
of acquiring RGB luminance information, but the external imaging apparatus and the
imaging unit (which will be described below) according to the present embodiment are
not limited thereto. For example, the external imaging apparatus and the imaging unit
(which will be described below) according to the present embodiment can be a special
camera capable of acquiring depth information, such as a depth camera.

Further, the captured image according to the present embodiment is not limited to the
image subjected to the mirror image processing (horizontal inversion processing). For
example, if the mirror image is captured in the imaging apparatus or the imaging unit
(which will be described below), the captured image according to the present em-
bodiment may be the captured image itself.

Further, the manipulation target region according to the present embodiment is a
region in the captured image set in a part of the captured image, and is a region in
which gesture recognition is performed. Here, a process related to the gesture
recognition may be performed by the image processing apparatus according to the
present embodiment or may be performed by an apparatus external to the image
processing apparatus according to the present embodiment.

Further, the manipulation target image according to the present embodiment, for
example, is an image including a manipulation target object manipulated according to
a result of gesture recognition according to a gesture manipulation of the user. Here, an
example of the manipulation target image according to the present embodiment may
include an image showing a web page or a menu screen and a manipulation screen for
each device. Further, examples of the manipulation target object according to the
present embodiment may include a button, an icon, and a link such as a hyperlink.
Further, as described above, the process related to the gesture recognition may be
performed by the image processing apparatus according to the present embodiment or
may be performed by an apparatus external to the image processing apparatus
according to the present embodiment.

Further, an example of a UI (User Interface; icon size, layout or the like) shown in
the manipulation target image according to the present embodiment may include the
same Ul (i.e., a fixed UI) in a case of a manipulation by a gesture or sound and a case
of a manipulation by an external manipulation device such as a remote controller or a
manipulation by a GUI, the UI shown in the manipulation target image according to
the present embodiment is not limited thereto. For example, in the manipulation target
image according to the present embodiment, the Ul may be different in the case of a
manipulation by a gesture or sound and the case of a manipulation by an external ma-

nipulation device such as a remote controller. An example of a case in which the Ul is
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different may include a case in which 4 * 4 icons are displayed in the case of a ma-
nipulation by an external manipulation device such as a remote controller and 2 * 2 or
3 * 3 icons are displayed for easier manipulation in the case of a manipulation by a
gesture or sound. Further, for example, in the case of the manipulation by a gesture, a
manipulation target object for assisting in a gesture manipulation (e.g., a control panel)
may be included in the manipulation target image according to the present em-
bodiment.

Further, the display target region according to the present embodiment is a region
corresponding to the manipulation target region set in a region setting process, which
will be described below. An example of the display target region according to the
present embodiment may include a region matching the manipulation target region, but
the display target region according to the present embodiment is not limited thereto.
For example, the display target region according to the present embodiment may be a
region smaller than the manipulation target region. An example of a relationship
between the manipulation target region and the display target region according to the
present embodiment will be described below.

Further, an example of the display screen according to the present embodiment may
include a display screen in an external display device or a display screen in a display
unit (which will be described below) when the image processing apparatus according
to the present embodiment includes the display unit (which will be described below).

The image processing apparatus according to the present embodiment performs, for
example, (1) a region setting process, (2) image processing, and (3) a display control
process, as processes according to the image processing method according to the
present embodiment. Hereinafter, the processes according to the image processing
method according to the present embodiment will be described in greater detail.

(1) Region setting process

The image processing apparatus according to the present embodiment sets the ma-
nipulation target region in a part of the captured image.

The image processing apparatus according to the present embodiment, for example,
determines whether a start condition of gesture recognition (trigger of gesture
recognition start) is satisfied, and sets the manipulation target region if it is determined
that the start condition of gesture recognition is satisfied. Here, examples of the start
condition of gesture recognition according to the present embodiment may include a
predetermined gesture such as a hand gesture or hand holding being recognized, prede-
termined sound such as "Hello TV" being recognized, and a manipulation signal based
on a start manipulation for gesture recognition (an example of the user manipulation),
delivered from a manipulation unit (which will be described below) or an external ma-

nipulation device such as a remote controller, being detected. The image processing
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apparatus according to the present embodiment determines whether a predetermined
gesture has been recognized, for example, based on a signal indicating a gesture
recognition result (when the image processing apparatus according to the present em-
bodiment has a gesture recognition function based on the captured image) or a gesture
recognition result acquired from an external apparatus. Further, the image processing
apparatus according to the present embodiment determines whether predetermined
sound has been recognized, for example, based on a signal indicating a sound
recognition result (when the image processing apparatus according to the present em-
bodiment has a sound recognition function based on a sound signal) or a sound
recognition result acquired from an external apparatus.

Further, if it is determined that a start condition of gesture recognition corresponding
to a plurality of users has been satisfied, the image processing apparatus according to
the present embodiment may set the manipulation target region, for example,
according to a priority set for each user. Here, examples of a method of setting the
priority may include a variety of methods, such as a method of setting a high priority
for a first recognized user or a last recognized user or a method of setting a priority
based on a user manipulation.

Further, the region setting process in the image processing apparatus according to the
present embodiment is not limited to setting the manipulation target region if it is de-
termined that the start condition of gesture recognition is satisfied. For example, the
image processing apparatus according to the present embodiment may set a region that
is a candidate for the manipulation target region regularly/irregularly. If the region that
is a candidate for the manipulation target region is set regularly/irregularly, the image
processing apparatus according to the present embodiment sets, as the manipulation
target region, the most recently set region that is the candidate for the manipulation
target region, for example, when it is determined that the start condition of gesture
recognition is satisfied.

(1-1) First example of region setting process

The image processing apparatus according to the present embodiment sets, for
example, a manipulation target region based on a position and a size of a detection
target in a captured image.

Fig. 1 is an illustrative diagram illustrating an example of a region setting process
according to the present embodiment. Here, Fig. 1 illustrates an example of a case in
which the image processing apparatus according to the present embodiment sets a ma-
nipulation target region using a hand of a user as a detection target. Further, A shown
in Fig. 1 illustrates an example of the captured image, and B shown in Fig. 1 illustrates
an example of the manipulation target region to be set.

The image processing apparatus according to the present embodiment, for example,
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detects a location and a size of the hand from the captured image and sets the ma-
nipulation target region based on detection values of the detected position and size of
the hand.

Here, the image processing apparatus according to the present embodiment, for
example, identifies a region including the hand (an example of the detection target)
based on a result of an edge detection process for the captured image or a result of a
process of detecting a predetermined color, such as a skin color, for the captured
image, to detect the position and the size of the hand from the captured image. Further,
the process of detecting the position and the size of the hand in the image processing
apparatus according to the present embodiment is not limited to the above process. For
example, the image processing apparatus according to the present embodiment can
detect the position and the size of the hand from the captured image through any
process capable of detecting the position and the size of the hand.

Further, the image processing apparatus according to the present embodiment sets,
for example, as the manipulation target region, a region having any size including the
detected hand, which is smaller than the entire captured image.

Further, when the image processing apparatus according to the present embodiment
detects the position and the size of the hand from the captured image to set the ma-
nipulation target region, a manipulation target region expected by a manipulator (a
user) may be set outside an angle of view in an external imaging apparatus or imaging
unit (which will be described below). The image processing apparatus according to the
present embodiment determines whether the manipulation target region set based on
the position and the size of the hand detected from the captured image is set outside of
the view angle. If the manipulation target region is determined to be set outside the
view angle, the image processing apparatus may set, for example, the manipulation
target region in a position opposite in the horizontal direction to the detected hand (an
position opposite to a position of the user).

Fig. 2 is an illustrative diagram illustrating an example of the region setting process
according to the present embodiment. Here, Fig. 2 illustrates an example of the ma-
nipulation target region set when the image processing apparatus according to the
present embodiment determines whether the manipulation target region is outside the
view angle. Further, Fig. 2 illustrates an example of the captured image.

When the manipulation target region set based on the location and the size of the
hand detected from the captured image is set outside the angle of view, for example, as
shown in A of Fig. 2, the image processing apparatus according to the present em-
bodiment sets the manipulation target region in a position opposite in the horizontal
direction to the detected hand, as shown in B of Fig. 2.

The image processing apparatus according to the present embodiment sets, for
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example, the manipulation target region based on the position and size of the hand in
the captured image, as described above. Further, the detection target whose position
and size are detected by the image processing apparatus according to the present em-
bodiment is not limited to the hand of the user, for example, as shown in Fig. 1. For
example, the image processing apparatus according to the present embodiment may
detect a position and size of a face of the user and set the manipulation target region
based on detection values of the detected position and size of the face.

Here, the image processing apparatus according to the present embodiment detects,
for example, the position and size of the face from the captured image by performing
any face detection process, such as a detection method based on brightness in the
captured image.

Further, the image processing apparatus according to the present embodiment, for
example, sets a region smaller than the entire captured image as the manipulation
target region based on the detection values of the detected position and size of the face.
Here, the image processing apparatus according to the present embodiment sets, for
example, as the manipulation target region, a region having any size including the
detected face, which is smaller than the entire captured image.

Further, the manipulation target region to be set when the image processing
apparatus according to the present embodiment detects the position and size of the face
is not limited to the above manipulation target region. For example, the image
processing apparatus according to the present embodiment may set, as the ma-
nipulation target region, a region obtained by shifting, in a horizontal direction, a
region having any size including the detected face according to the handedness of the
user corresponding to the detected face. The image processing apparatus according to
the present embodiment, for example, sets the manipulation target region in a position
corresponding to the handedness of the user corresponding to the detected face, based
on handedness information (data) indicating the handedness of the user corresponding
to the detected face. Here, the handedness information according to the present em-
bodiment is stored for each user in a recording medium such as a storage unit (which
will be described below), for example, based on a registration manipulation of the user
(an example of the user manipulation). Further, the image processing apparatus
according to the present embodiment reads the handedness information corresponding
to the user corresponding to the detected face, for example, from the storage unit
(which will be described below) by identifying the user corresponding to the face
detected using face recognition technology. Also, the image processing apparatus
according to the present embodiment sets the manipulation target region based on the
read handedness information.

The image processing apparatus according to the present embodiment sets the ma-



11

WO 2013/186986 PCT/JP2013/003116

[0045]

[0046]

[0047]

[0048]

nipulation target region by detecting, as the detection target, one part of the user such
as the hand or the face of the user, for example, as described above. Further, the
detection target whose position and size are detected by the image processing
apparatus according to the present embodiment is not limited to one part of the user,
such as the hand or the face of the user. For example, the image processing apparatus
according to the present embodiment may set the manipulation target region by
detecting a plurality of parts of the user as the detection targets.

For example, the image processing apparatus according to the present embodiment
detects the position and size of the hand of the user and the position and the size of the
face of the user, and sets the manipulation target region based on the detection values
of the position and size of the detected hand and the detection values of the position
and size of the detected face. Fig. 3 is an illustrative diagram illustrating an example of
the region setting process according to the present embodiment. Here, Fig. 3 illustrates
an example of a case in which the image processing apparatus according to the present
embodiment sets the manipulation target region using the hand of the user and the face
of the user as detection targets. Further, Fig. 3 illustrates an example of the captured
image.

When a captured image indicates that a user raises a right hand, for example, as
shown in Fig. 3, the image processing apparatus according to the present embodiment
sets the manipulation target region on a right side of the detected face (a left side in a
mirror image).

The image processing apparatus according to the present embodiment sets the ma-
nipulation target region, for example, based on the position and size of the detection
target in the captured image, as described above. Here, as the image processing
apparatus according to the present embodiment uses, for example, the hand or the face
of the user as the detection target, a ratio of the set manipulation target region and the
size of the face or hand of the user included in the manipulation target region is kept
constant. Thus, as the image processing apparatus according to the present em-
bodiment uses, for example, the hand or the face of the user as the detection target, the
user is able to perform a manipulation with the similar manipulation feeling, for
example, even when the user is in a position apart from an external imaging apparatus
or imaging unit (which will be described below) or even when the user is in a position
close to the external imaging apparatus or imaging unit (which will be described
below).

(1-2) Second example of region setting process

The image processing apparatus according to the present embodiment sets the ma-
nipulation target region, for example, based on posture of the user detected from the

captured image. The image processing apparatus according to the present embodiment
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obtains skeleton information (data) of the user using a process according to any posture
estimation technology, such as estimating the posture of the user based on estimation
of a part of the user using, for example, machine learning. Also, the image processing
apparatus according to the present embodiment sets the manipulation target region by
estimating an operating range of the user from the skeleton information.

Further, the process of setting the manipulation target region based on the posture of
the user in the image processing apparatus according to the present embodiment is not
limited to the above process. For example, the image processing apparatus according to
the present embodiment may further detect the position and size of the face of the user
and set the manipulation target region based on the estimation result for the posture of
the user and detection values of the detected position and size of the face.

Fig. 4 is an illustrative diagram illustrating an example of the region setting process
according to the present embodiment. Here, Fig. 4 illustrates an example of a case in
which the image processing apparatus according to the present embodiment sets the
manipulation target region based on the estimation result for the posture of the user and
the detection values of the position and size of the detected face. Further, Fig. 4 il-
lustrates an example of the captured image.

For example, if an extremely tilted face is detected when the user assumes a reclining
posture as shown in Fig. 4, the image processing apparatus according to the present
embodiment estimates a driving range of the hand of the user to set the manipulation
target region. For example, in the example of Fig. 4, an example in which the ma-
nipulation target region is set in an upward direction of the detected face (upward in a
vertical direction), rather than the manipulation target region being set in a position
shifted in a horizontal direction from the detected face, is illustrated.

Further, the image processing apparatus according to the present embodiment may
fix a manipulation target region that has been once set, or may dynamically change a
manipulation target region according to a movement of the face, the hand or the like of
the user to be detected from the captured image.

(1-3) Third example of region setting process

The image processing apparatus according to the present embodiment sets the ma-
nipulation target region, for example, based on the motion of the detection target.

For example, the image processing apparatus according to the present embodiment
detects a predetermined gesture, such as a hand gesture such as waving goodbye or
drawing any shape in the air, and sets a region including a movement region of a hand
performing the gesture (an example of the detection target) as the manipulation target
region. Further, the detection target detected by the image processing apparatus
according to the present embodiment is not limited to a part of the user, such as the

hand of the user. For example, the image processing apparatus according to the present
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embodiment may set, as the manipulation target region, a region including a movement
region of a predetermined device, such as a rod-like device that the user has in his or
her hand.

(1-4) Fourth example of region setting process

The image processing apparatus according to the present embodiment sets the ma-
nipulation target region, for example, based on a shape of the detection target and a
size of the manipulation target object included in a manipulation target image.

For example, in a case in which an object of a target on which gesture recognition is
performed (which may be hereinafter referred to as a "recognition target object") is the
hand of the user, when the size of the hand of the user included in the set manipulation
target region is much larger than an icon included in the manipulation target image (an
example of the manipulation target object), it may be difficult for the user to perform a
desired manipulation using the hand. An example of a case in which it is difficult to
perform a desired manipulation using the hand may include a case in which the user
does not know where the user is pointing when selecting content, for example, by a
par. Further, the user does not know where the user is pointing in cases other than the
case in which the user selects the content by a par, and, for example, the user may not
know where the user is pointing when the user selects content with a fingertip.

Therefore, the image processing apparatus according to the present embodiment sets
the manipulation target region, for example, so that a difference between the size of the
detection target and the size of the manipulation target object is within a predetermined
range, based on the shape of the detection target with which the user performs a ma-
nipulation and the size of the manipulation target object. For example, the image
processing apparatus according to the present embodiment sets the manipulation target
region so that the size of the detection target and the size of the manipulation target
object are approximately the same. Here, the predetermined range according to the
present embodiment described above may be a fixed value that has been set in advance
or may a variable value that can be changed, for example, by the user.

(1-5) Fifth example of region setting process

For example, the image processing apparatus according to the present embodiment
may set the manipulation target region by combining a plurality of processes that can
be combined among the first example of the region setting process to the fourth
example of the region setting process, such as the first example of the region setting
process and the second example of the region setting process, the first example of the
region setting process and the third example of the region setting process, and the first
example of the region setting process and the fourth example of the region setting
process.

(1-6) Sixth example of region setting process
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The image processing apparatus according to the present embodiment, for example,
sets the manipulation target region based on one or two or more of the position and
size of the detection target in the captured image, the motion of the detection target, the
posture of the user, the shape of the detection target, and the size of the manipulation
target object included in the manipulation target image, as described above. Here, the
image processing apparatus according to the present embodiment, for example, sets a
region that matches a display target region according to the present embodiment as the
manipulation target region, but the manipulation target region set by the image
processing apparatus according to the present embodiment is not limited to the region.
For example, the image processing apparatus according to the present embodiment
may set, as the manipulation target region, a region smaller than the entire captured
image region and larger than the display target region.

As a specific example, the image processing apparatus according to the present em-
bodiment calculates values related to the display target region using, for example, the
following Math. 1 to Math. 4. Further, the following Math. 1 to Math. 4 show an
example of calculation of the values related to the display target region when the
display target region is a rectangular region. Here, "vw" shown in Math. 1 indicates a
width in a horizontal direction of the display target region, and "fw" shown in Math. 1
indicates a width (a known value) in a horizontal direction of a rectangular region in
which a face has been recognized in the captured image. Further, "magnification ratio
of visual feedback" shown in Math. 1 is a value to be set. Further, "vh" shown in Math.
2 indicates a width in a vertical direction of the display target region, and
"height_ratio" shown in Math. 2 indicates a vertical width of the display screen/a
horizontal width of the display screen (a known value; for example, height_ratio =9/16
in the case of a 16:9 screen). Further, "vx" shown in Math. 3 indicates an x coordinate
of an upper left corner of the display target region (a rectangular region), and "fcx"
shown in Math. 3 indicates an x coordinate (a known value) of a center of the
rectangular region in which the face has been recognized in the captured image.
Further, "offset value in X direction" shown in Math. 3 is a value to be set. Further,
"vy" shown in Math. 4 indicates a y coordinate of an upper left corner of the display
target region (rectangular region), and "fcy" shown in Math. 4 indicates a y coordinate
(a known value) of the center of the rectangular region in which the face has been
recognized in the captured image. Further, "th" shown in Math. 4 indicates a width
(known value) in a vertical direction of the rectangular region in which the face has
been recognized in the captured image, and "offset value in y direction” shown in
Math. 4 is a value to be set. Further, "f" shown in Math. 3 and Math. 4 indicates a
value to be set (one of the values 0 to 9).

vw = fw * (magnification ratio of visual feedback) (Math. 1)
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vh = vw * height_ratio (Math. 2)
vx = fcx + fw * (offset value in x direction) - vw / 2.f (Math. 3)
vy = fcy + th * (offset value in y direction) - vh / 2.f (Math. 4)

Further, the image processing apparatus according to the present embodiment
calculates values related to the manipulation target region, for example, using the
following Math. 5 to Math. 8. Further, the following Math. 5 to Math. 8 show an
example of calculation of the values related to the manipulation target region when the
manipulation target region is a rectangular region. Here, "rw" shown in Math. 5
indicates a width in a horizontal direction of the manipulation target region, and "hw"
shown in Math. 5 indicates a width (a known value) in a horizontal direction of the
rectangular region in which the hand has been recognized in the captured image.
Further, "scaling ratio of width in horizontal direction" shown in Math. 5 is a
parameter indicating a surplus with which a recognition range expands based on a size
of the hand recognized in the captured image and is a value to be set. Further, "rh"
shown in Math. 6 indicates a width in the vertical direction of the manipulation target
region and "hh" shown in Math. 6 indicates a width (a known value) in the vertical
direction of the rectangular region in which the hand has been recognized in the
captured image. Further, "scaling ratio of width in vertical direction" shown in Math. 6
indicates a parameter indicating a surplus with which a recognition range expands
based on a size of the hand recognized in the captured image and is a value to be set.
Further, "rx" shown in Math. 7 indicates an x coordinate of an upper left corner of the
manipulation target region (the rectangular region). Further, "ry" shown in Math. 8
indicates a y coordinate of the upper left corner of the manipulation target region (the
rectangular region).

rw = vw + hw * (scaling ratio of width in horizontal direction) (Math. 5)

rh = vw + hh * (scaling ratio of width in vertical direction) (Math. 6)

X = vX + vw/2 - rw/2 (Math. 7)

ry = vy + vh/2 - rh/2 (Math. 8)

The image processing apparatus according to the present embodiment sets the
display target region, for example, by calculating the values related to the display
target region using Math. 1 to Math. 4 described above. Further, the image processing
apparatus according to the present embodiment sets a region smaller than the region of
the entire captured image and larger than the display target region as the manipulation
target region, for example, by calculating the values related to the manipulation target
region using Math. 5 to Math. 8 described above. Further, it is understood that the
process related to the setting of the manipulation target region smaller than the region
of the entire captured image and larger than the display target region according to the

present embodiment is not limited to the above process.
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Fig. 5 is an illustrative diagram illustrating an example of the manipulation target
region set by the image processing apparatus according to the present embodiment.
Here, A shown in Fig. 5 indicates a captured image. Further, B shown in Fig. 5
indicates an example of the display target region according to the present embodiment,
and C shown in Fig. 5 indicates an example of the manipulation target region
according to the present embodiment.

As shown in Fig. 5, the image processing apparatus according to the present em-
bodiment sets a region smaller than the region of the entire captured image (A shown
in Fig. 5) and larger than the display target region (B shown in Fig. 5) as the ma-
nipulation target region (C shown in Fig. 5). As the image processing apparatus
according to the present embodiment separately sets the display target region that is a
region displayed on the display screen and the manipulation target region that is a
region in which the gesture recognition is performed as shown in Fig. 5, for example,
effects shown in (a) and (b) are obtained.

(a) Even when the user has conducted a gesture outside the display target region
displayed on the display screen, the apparatus that performs a process related to gesture
recognition (the image processing apparatus according to the present embodiment and/
or an external apparatus; the same applies hereinafter) can recognize the gesture.

(b) Through (a), for example, the following manipulations using regions of edges in
the display target region displayed on the display screen are realized:

A selection manipulation to select manipulation target objects present in the regions
of edges at a top and bottom of the screen and at a left and right of the screen

An auto scroll manipulation to cause a movement of a portion of an image displayed
on the display screen (e.g., only a specific manipulation target object) or transition to
another image by moving the hand to the vicinity of the edge of the screen

A scroll manipulation to cause a movement of a portion of an image displayed on the
display screen (e.g., only a manipulation target object) or transition to another image
through a gesture of striking (touching) the vicinity of the edge of the screen (an
example of the gesture).

Fig. 6 is an illustrative diagram illustrating an example of an effect of the image
processing apparatus according to the present embodiment separately setting the
display target region and the manipulation target region. Here, in Fig. 6, only the ma-
nipulation target image rather than an image in which an image in the display target
region and the manipulation target image in the captured image are combined by image
processing according to the present embodiment that will be described below is il-
lustrated for convenience of description. Further, AR1 shown in Fig. 6 indicates a
region corresponding to the display target region. Further, AR2 shown in Fig. 6

indicates a region corresponding to a partial region in the manipulation target region,
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and a part of the region AR2 is not included in the region ARI, as shown in Fig. 6.

For example, when the user (manipulator) moves the hand to the region AR2 shown
in Fig. 6 (an example of a region near the edge of the screen), the apparatus that
performs a process related to gesture recognition, for example, recognizes that an auto
scroll manipulation has been performed. Also, if it is recognized that the auto scroll
manipulation has been performed, the apparatus that performs a process related to
gesture recognition, for example, moves "TV," "Web Browser," "Media Player," ...,
"Help Guide" that are manipulation target objects included in the manipulation target
image illustrated in Fig. 6, in a direction M shown in Fig. 6 (an example of a case in
which a portion of an image displayed on the display screen is moved). As the ma-
nipulation target objects included in the manipulation target image shown in Fig. 6 are
moved in the direction M shown in Fig. 6, for example, other manipulation target
objects are displayed on the display screen. Further, a change in the image displayed
on the display screen when it is recognized that the auto-scroll manipulation has been
performed is not limited to the example shown above. For example, if it is recognized
that the auto scroll manipulation has been performed, the apparatus that performs a
process related to gesture recognition may move the entire manipulation target image
shown in Fig. 6 in the direction M shown in Fig. 6 and cause the image displayed on
the display screen to transition from the manipulation target image shown in Fig. 6 to
the other manipulation target image (an example of a case in which the image
displayed on the display screen transitions). As the manipulation target image shown in
Fig. 6 is moved in the direction M shown in Fig. 6 and caused to transition to the other
manipulation target image, a manipulation target image different from the ma-
nipulation target image shown in Fig. 6 is displayed on the display screen.

Further, for example, if the user (manipulator) performs a gesture of striking
(touching) the region AR2 shown in Fig. 6 (an example of the region near the edge of
the screen), the apparatus that performs a process related to gesture recognition
recognizes, for example, that a scroll manipulation has been performed. Also, if it is
recognized that the scroll manipulation has been performed, the apparatus that
performs a process related to gesture recognition, for example, moves a specific ma-
nipulation target object included in the manipulation target image shown in Fig. 6 or
the entire manipulation target image in the direction M shown in Fig. 6, as in the case
in which it is recognized that the auto scroll manipulation has been performed.

As the image processing apparatus according to the present embodiment separately
sets the display target region and the manipulation target region, the apparatus that
performs a process related to gesture recognition can recognize the user manipulation,
for example, in the region including the region not included in the display target region

(the region AR1), as shown in the region AR2 shown in Fig. 6, and perform the
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process according to the recognized user manipulation. Thus, as the image processing
apparatus according to the present embodiment separately sets the display target region
and the manipulation target region, it is possible to further improve maneuverability of
the user.

(1-7) Other examples of region setting process

Further, the region setting process in the image processing apparatus according to the
present embodiment is not limited to each of the above-described processes. For
example, when the manipulation target region is updated according to the position of
the face or the hand, the user may move out of a range of recognition (e.g., outside an
angle of view of a camera). Here, if the user moves out of the range of the recognition,
it is difficult for the apparatus that performs a process related to gesture recognition to
recognize a gesture and perform the process even when the user performs the gesture.
Therefore, the image processing apparatus according to the present embodiment
notifies the user that the user is out of the range of recognition.

Fig. 7 is an illustrative diagram illustrating another example of the region setting
process according to the present embodiment. Here, each of A1, B1, C1, D1, and E1
shown in Fig. 7 illustrates a captured image and a manipulation target region set in the
captured image. Further, A2 shown in Fig. 7 illustrates an image of a display target
region corresponding to the manipulation target region shown in A1 of Fig. 7.
Similarly, B2, C2, D2 and E2 shown in Fig. 7 illustrate images of display target
regions corresponding to the manipulation target regions shown in B1, C1, D1, and E1
of Fig. 7, respectively. Further, Fig. 7 illustrates a change in a position of the set ma-
nipulation target region in time series in order of Al shown in Fig. 7, B1 shown in Fig.
7, C1 shown in Fig. 7, D1 shown in Fig. 7, and E1 shown in Fig. 7.

For example, as shown in Fig. 7, when the manipulation target region is close to the
vicinity of an edge of a range of recognition (e.g., an angle of view of a camera), the
image processing apparatus according to the present embodiment appropriately sets the
manipulation target region to move in a direction away from the edge of the range of
recognition through animation display as if the manipulation target region has bumped
into a wall and then bounced off the wall. Further, for example, as shown in C1 and C2
of Fig. 7, the image processing apparatus according to the present embodiment notifies
the user that the user is close to the outside of the range of recognition by sandwiching
a black image in a region corresponding to the outside of the range of recognition in
the manipulation target region. By appropriately setting the manipulation target region
so that the animation display, for example, as shown in Fig. 7 is realized, the image
processing apparatus according to the present embodiment can cause the user to in-
tuitively recognize that the user is close to the outside of the range of recognition.

Further, by appropriately setting the manipulation target region so that the animation
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display, for example, as shown in Fig. 7 is realized, the image processing apparatus
according to the present embodiment can cause the user to intuitively recognize that
the user is close to the outside of the range of recognition without performing warning
display.

Further, the process for performing a notification related to the outside of the range
of recognition in the image processing apparatus according to the present embodiment
is not limited to the above process. For example, the image processing apparatus
according to the present embodiment may notify the user that the user is close to the
outside of the range of recognition by appropriately setting the manipulation target
region so that another animation display such as animation display showing returning
to a wall is realized. Further, a method of notifying the user that the user is closer to the
outside of the range of recognition in the manipulation target region in the image
processing apparatus according to the present embodiment is not limited to
sandwiching the black region in the image corresponding to the outside of the range of
recognition in the manipulation target region, for example, as shown in C2 of Fig. 7.

Fig. 8 is an illustrative diagram illustrating an example of a method of notifying a
user that the user is closer to the outside of a range of recognition in the manipulation
target region according to the present embodiment. For example, as shown in A and B
of Fig. 8, the image processing apparatus according to the present embodiment may su-
perimpose a word or a symbol indicating a warning on a black image sandwiched in a
region corresponding to the outside of the range of recognition in the manipulation
target region. Further, for example, as shown in C of Fig. 8, the image processing
apparatus according to the present embodiment may sandwich an image other than the
black image, such as an image with a wallpaper of an application or with an affordance
indicating that it is difficult to go to an end any more, in the region corresponding to
the outside of the range of recognition in the manipulation target region. Further, for
example, as shown in D of Fig. 8, the image processing apparatus according to the
present embodiment may superimpose a word or symbol indicating a warning on an
image other than the black image sandwiched in a region corresponding to the outside
of the range of recognition in the manipulation target region.

(2) Image processing

The image processing apparatus according to the present embodiment combines an
image corresponding to the display target region in the captured image with the ma-
nipulation target image.

Further, image processing in the image processing apparatus according to the present
embodiment is not limited to simple combination of the image corresponding to the
display target region in the captured image with the manipulation target image.

When the captured image and the manipulation target image are simply combined
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and displayed on the display screen, for example, content of the captured image (more
strictly, content of the image corresponding to the display target region) is su-
perimposed on the manipulation target object included in the manipulation target
image, and accordingly, there is the possibility of decreasing the visibility of the ma-
nipulation target object. Therefore, in order to reduce the possibility of decreasing
visibility of the manipulation target object as described above, the image processing
apparatus according to the present embodiment can change the degree of visualization
of the captured image, for example, based on the captured image or the manipulation
target image, and combine an image corresponding to the display target region in the
captured image whose degree of visualization has been changed, with the manipulation
target image.

Here, an example of a change in the degree of visualization of the captured image
according to the present embodiment may include changing the partial range to
partially visualize the captured image or changing the degree of smoothing to smooth
the captured image. Further, a change in the degree of visualization of the captured
image according to the present embodiment is not limited to the above change. The
image processing apparatus according to the present embodiment may change the
degree of visualization of the captured image, for example, by performing a variety of
image processing, such as posterization, mosaic, line drawing, or silhouette display, on
the captured image. Further, an example of partial visualization of the captured image
according to the present embodiment may include changing a degree of transparency
of the captured image.

Hereinafter, an example of image processing according to the present embodiment
will be described using a primary example of a case in which the image processing
apparatus according to the present embodiment combines the image corresponding to
the display target region in the captured image whose degree of visualization has been
changed with the manipulation target image.

(2-1) First example of process according to change in partial range

The image processing apparatus according to the present embodiment determines a
partial range, for example, based on a predetermined target to be recognized from the
captured image. Also, the image processing apparatus according to the present em-
bodiment, for example, changes a degree of transparency of the captured image based
on the determined partial range to partially visualize the captured image.

Here, an example of the predetermined target according to the present embodiment
may include an object such as a face of a user or a hand of the user. The image
processing apparatus according to the present embodiment, for example, detects a
characteristic point such as an eye, a nose, a mouth, and a skeleton of the user or

detects a region similar to a luminance distribution and a structure pattern of the face
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from the captured image to recognize a face region including the face of the user.
Further, the image processing apparatus according to the present embodiment, for
example, performs a variety of image processing, such as edge detection or pattern
matching, on the captured image to recognize an object of a recognition target, such as
a user's hand, from the captured image.

Further, a process of recognizing a predetermined target in the image processing
apparatus according to the present embodiment is not limited to the above process. For
example, the image processing apparatus according to the present embodiment may
recognize a moving body as the predetermined target from the captured image and
determine a region including the recognized moving body as the partial range. Here,
the image processing apparatus according to the present embodiment detects the
moving body, for example, by performing detection of a difference between an image
corresponding to a current frame and an image corresponding to a previous frame or
detection of a change in a motion vector, but a method of detecting the moving body is
not limited thereto.

Hereinafter, an example of the process according to a change in the partial range
according to the present embodiment will be described in greater detail using an
example of a process in a case in which a face is recognized as a predetermined target.

When the face is recognized as the predetermined target, the image processing
apparatus according to the present embodiment recognizes the face from the captured
image and determines a portion other than the recognized face as the partial range.

Figs. 9A, 9B, 10A, and 10B are illustrative diagrams illustrating an example of a
combined image displayed in a display screen by the image processing apparatus
according to the present embodiment. Here, Fig. 9A is a conceptual diagram of an
actual example shown in Fig. 9B, and Fig. 10A is a conceptual diagram of an actual
example shown in Fig. 10B. Further, Figs. 9A, 9B, 10A, and 10B illustrate an example
of the image when the image processing apparatus according to the present em-
bodiment determines the portion other than the face recognized from the captured
image, as the partial range.

The image processing apparatus according to the present embodiment, for example,
realizes the visualization of the portion other than the recognized face by performing a
process of applying translucent gradation from the recognized face region. Here, the
image processing apparatus according to the present embodiment may dynamically
change the degree of transparency when applying the translucent gradation, according
to a background portion of the captured image (e.g., the portion other than the
recognized face region).

The image processing apparatus according to the present embodiment, for example,

detects a spatial frequency or tint in a background portion of the captured image and
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dynamically changes a transparency degree according to a detection result. For
example, the image processing apparatus according to the present embodiment reduces
the transparency degree as the detected spatial frequency is higher (as the image is
more complex) or reduces the transparency degree as the detected tint is darker. For
example, since the transparency degree is reduced as the detected spatial frequency is
higher or the transparency degree is reduced as the detected tint is darker as described
above, the image processing apparatus according to the present embodiment can
further prevent a decrease in visibility of the manipulation target object included in the
manipulation target image.

Further, a process of dynamically changing the degree of transparency in the image
processing apparatus according to the present embodiment is not limited to the above
process. For example, the image processing apparatus according to the present em-
bodiment may identify a position of the manipulation target object from the ma-
nipulation target image (or data constituting the manipulation target image, such as
HTML data or XML data) and reduce the degree of transparency on a region including
the identified position. In other words, the image processing apparatus according to the
present embodiment can also change a partial range in which the captured image is
partially visualized by determining the partial range based on the manipulation target
object included in the manipulation target image.

Here, the image processing apparatus according to the present embodiment may ex-
clusively perform one of the process of changing the partial range based on the ma-
nipulation target object included in the manipulation target image and the process of
changing the partial range based on the predetermined target recognized from the
captured image or may perform both of the processes. Further, when the image
processing apparatus according to the present embodiment performs both of the
processes, the image processing apparatus may set a priority for each process, such as
setting a priority for the process of changing the partial range based on the ma-
nipulation target object included in the manipulation target image to be higher.

For example, as described above, the image processing apparatus according to the
present embodiment can prevent a decrease in visibility of the manipulation target
object included in the manipulation target image by dynamically changing the degree
of transparency based on the position of the manipulation target object.

Further, while Figs. 9A to 10B illustrate the case in which one user is included in the
captured image, a plurality of users may be included in the captured image according
to the present embodiment. The image processing apparatus according to the present
embodiment sets the manipulation target region, for example, when it is determined
that a start condition of gesture recognition is satisfied in the process (1) (region setting

process).
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(2-2) Second example of process according to change in the partial range

In the above description, the example in which the image processing apparatus
according to the present embodiment, for example, determines the partial range based
on the predetermined target recognized from the captured image and partially vi-
sualizes the captured image based on the determined partial range has been shown as
the first example of the process according to the change in the partial range. However,
the process according to the change in the partial range in the image processing
apparatus according to the present embodiment is not limited to the above example.
For example, the image processing apparatus according to the present embodiment can
also change the partial range in which the captured image is partially visualized, by
changing a display area of the captured image.

Fig. 11 is an illustrative diagram illustrating an example of a combined image
displayed on a display screen by the image processing apparatus according to the
present embodiment. Here, Fig. 11 illustrates an example in which the partial range in
which the captured image is visualized is changed by applying a mask to the captured
image.

The image processing apparatus according to the present embodiment reduces the
display area of the captured image by applying a mask to the captured image and
changes a partial range in which the captured image is visualized, for example, as
shown in Fig. 11.

Further, the process in the image processing apparatus according to the present em-
bodiment is not limited to the example shown in Fig. 11. For example, the example in
which the image processing apparatus according to the present embodiment applies the
uniform mask to the entire captured image is illustrated in Fig. 11, but the image
processing apparatus according to the present embodiment may dynamically change,
for example, a density, shape or the like of the mask. For example, the image
processing apparatus according to the present embodiment may identify a position of
the manipulation target object from the manipulation target image (or data constituting
the manipulation target image, such as HTML data or XML data) and reduce the
density of the mask on a region including the identified position or near the region. In
other words, the image processing apparatus according to the present embodiment can
also change a partial range in which the captured image is partially visualized, by de-
termining the partial range based on the manipulation target object included in the ma-
nipulation target image.

For example, as described above, the image processing apparatus according to the
present embodiment can further prevent a decrease in visibility of the manipulation
target object included in the manipulation target image by dynamically changing the

density, shape or the like of the mask based on the position of the manipulation target
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In the above description, the process according to a change in the partial range has
been shown as the process according to the image processing method in the image
processing apparatus according to the present embodiment, but the process according
to the image processing method according to the present embodiment is not limited
thereto. For example, the image processing apparatus according to the present em-
bodiment may change the degree of smoothing to smooth the captured image, as the
process of changing the degree of visualization.

Fig. 12 is an illustrative diagram illustrating an example of the combined image
displayed on a display screen by the image processing apparatus according to the
present embodiment. Here, Fig. 12 illustrates an example of an image obtained by
giving a blur effect to the captured image by smoothing the captured image. Further, an
example in which, for example, the manipulation target image including manipulation
target objects such as "TV," "Web Browser," ..., "Help Guide" and the image in the
display target region have been combined is illustrated in Fig. 12.

The image processing apparatus according to the present embodiment gives the blur
effect to the captured image, for example, by applying a Gaussian filter to the captured
image. Further, the image processing apparatus according to the present embodiment
may use any technology capable of giving the blur effect to the captured image.

Further, the image processing apparatus according to the present embodiment may
combine the manipulation target object with the image in the display target region, for
example, as shown in A of Fig. 12 or may not combine the manipulation target object
with the image in the display target region, for example, as shown in B of Fig. 12.
Here, Fig. 12 illustrates an example in which the image processing apparatus according
to the present embodiment combines the manipulation target object with the image in
the display target region so that the image in the display target region is represented
with transparency. Whether the manipulation target object and the image in the display
target region are combined as shown in A of Fig. 12 or the manipulation target object
and the image in the display target region are not combined as shown in B of Fig. 12,
the apparatus that performs a process related to gesture recognition recognizes a
gesture manipulation with respect to the manipulation target object and performs a
process associated with the manipulation target object. For example, if a user (a ma-
nipulator) performs a gesture of striking (touching) a desired manipulation target
object by hand (an example of the gesture) on the desired manipulation target object,
the apparatus that performs a process related to gesture recognition recognizes, for
example, that an execution manipulation causing the apparatus that performs a process

related to gesture recognition to execute a process corresponding to the manipulation
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target object has been performed. Also, when the execution manipulation is recognized
to have been performed, the apparatus that performs a process related to gesture
recognition performs, for example, a process associated with the manipulation target
object of the target on which the execution manipulation has been performed.

The image processing apparatus according to the present embodiment selectively
combines the manipulation target object included in the manipulation target image
with the image in the display target region, for example, according to a type or an
attribute of the manipulation target object included in the manipulation target image.
The image processing apparatus according to the present embodiment can reduce the
possibility of decreasing visibility of the manipulation target object, for example, by
the combination, by selectively combining the manipulation target object included in
the manipulation target image with the image in the display target region according to
the type or attribute of the manipulation target object included in the manipulation
target image.

Here, the image processing apparatus according to the present embodiment identifies
a type or attribute of the manipulation target object based on meta-data corresponding
to the manipulation target object or data constituting the manipulation target image
(e.g., HTML data or XML data). Further, an example of a manipulation target object
that the image processing apparatus according to the present embodiment does not
combine with the image of the display target region may include a thumbnail or an
icon indicating content (e.g., a thumbnail or an icon indicating a still image or a
moving image) or a window indicating content being played (e.g., a playback window
of a moving image). Further, an example in which both of a manipulation target object
to be combined with the image of the display target region and a manipulation target
object not combined with the image of the display target region are included in the ma-
nipulation target image is illustrated in Fig. 12, but the manipulation target image
according to the present embodiment is not limited to the example shown in Fig. 12.
For example, the manipulation target image according to the present embodiment may
include only one of the manipulation target object to be combined with the image of
the display target region and the manipulation target object not combined with the
image of the display target region. Further, it is understood that an example of the ma-
nipulation target object not combined with the image of the display target region
according to the present embodiment is not limited to the example shown above, and
the image processing apparatus according to the embodiment can combine the
thumbnail or the like indicating the content shown above with the image of the display
target region.

Further, the object included in the manipulation target image that the image

processing apparatus according to the present embodiment selectively combines with
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the image of the display target region is not limited to the manipulation target object
included in the manipulation target image. For example, according to a type or an
attribute of an object that is not the manipulation target object included in the ma-
nipulation target image (which may be hereinafter referred to as a "non-manipulation
target object"), the image processing apparatus according to the present embodiment
may selectively combine the non-manipulation target object included in the ma-
nipulation target image with the image of the display target region, as in a case in
which the manipulation target object included in the manipulation target image is se-
lectively combined. By selectively combining the non-manipulation target object
included in the manipulation target image and the image of the display target region
according to the type or the attribute of the non-manipulation target object included in
the manipulation target image, the image processing apparatus according to the present
embodiment, for example, can reduce the possibility of decreasing visibility of the
non-manipulation target object by the combination. Here, an example of a non-
manipulation target object that the image processing apparatus according to the present
embodiment does not combine with the image of the display target region may include
a text description window for content, which describes the content using text.

Further, an effect given to the captured image by the image processing apparatus
according to the present embodiment smoothing the captured image is not limited to
the blur effect. For example, as the image processing apparatus according to the
present embodiment smooths the captured image, a painterly effect (e.g., a brush stroke
effect) can be given to the captured image, as if it were painted by a painter.

If a painterly effect is given to the captured image, the image processing apparatus
according to the present embodiment, for example, calculates a vector direction of an
edge in the image (or an angle between the vector and a reference direction such as a
vertical direction or a horizontal direction of the image) and adjusts intensity of an
edge-preservation smoothing filter based on the vector direction. Also, the image
processing apparatus according to the present embodiment smooths the captured image
using the adjusted edge-preservation smoothing filter to give the painterly effect to the
captured image. Here, an example of the edge-preservation smoothing filter according
to the present embodiment may include a smoothing filter capable of preserving an
edge, such as a bilateral filter. A process of giving the painterly effect to the captured
image in the image processing apparatus according to the present embodiment is not
limited to the above process. The image processing apparatus according to the present
embodiment may use any technology capable of giving the painterly effect to the
captured image.

The image processing apparatus according to the present embodiment performs, for

example, any of the processes shown in (2-1) to (2-3) in the process (2) (image
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processing) to change the degree of visualization of the captured image and combines
the image corresponding to the display target region in the captured image whose
degree of visualization has been changed with the manipulation target image. Here, the
image processing apparatus according to the present embodiment, for example, may
perform a process defined in advance or may perform the process selected by the user.

Further, the process of combining the image corresponding to the display target
region in the captured image whose degree of visualization has been changed with the
manipulation target image in the process (2) (image processing) according to the
present embodiment is not limited to the process shown in (2-1) to (2-3).

For example, a region in which a gesture can be recognized and a region in which a
gesture is not recognized may be included in the manipulation target image according
to the present embodiment. When the region in which a gesture can be recognized and
the region in which a gesture is not recognized are included in the manipulation target
image according to the present embodiment, the image processing apparatus according
to the present embodiment, for example, may not combine the captured image in the
region in which a gesture is not recognized in the manipulation target image.

Fig. 13 is an illustrative diagram illustrating an example of the manipulation target
image according to the present embodiment. For example, a manipulation target object
not suitable for a gesture manipulation (e.g., a manipulation target object that it is not
easy to select by a gesture manipulation), such as fine links constituting menus as
shown in A1 of Fig. 13 (an example of the manipulation target object), may be present
in the manipulation target image according to the present embodiment. Further, for
example, an object that is not a manipulation target object whose selection ma-
nipulation is performed as shown in A2 of Fig. 13 (a non-manipulation target object)
may also be present in the manipulation target image according to the present em-
bodiment. Therefore, in the present embodiment, for example, a region including ma-
nipulation target objects not suitable for a gesture manipulation as shown in A of Fig.
13 or a region including objects that are not manipulation target objects as shown in B
of Fig. 13 is a region in which a gesture is not recognized in the manipulation target
image. Further, for example, a region including manipulation target objects that can be
manipulated by a gesture as shown in B of Fig. 13 in the manipulation target image is a
region in which a gesture can be recognized in the manipulation target image.

Here, the image processing apparatus according to the present embodiment identifies
the region in which a gesture is not recognized in the manipulation target image or the
region in which a gesture can be recognized in the manipulation target image, for
example, based on information indicating the region in which a gesture is not
recognized in the manipulation target image associated with the manipulation target

image (e.g., a meta data or a description of a tag in markup language). Further, a
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method of specifying the region in which a gesture is not recognized in the ma-
nipulation target image is not limited to the above method. For example, the image
processing apparatus according to the present embodiment may analyze the ma-
nipulation target image and set each of the region in which a gesture can be recognized
and the region in which a gesture is not recognized.

For example, in the example of Fig. 13, the image processing apparatus according to
the present embodiment does not combine the captured image (or the captured image
whose degree of visualization has been changed) in the regions shown in Al and A2 of
Fig. 13 and combines the captured image (or the captured image whose degree of visu-
alization has been changed) in the region shown in B of Fig. 13. Here, in Fig. 13, an
example in which the image processing apparatus according to the present embodiment
has combined the captured image whose degree of visualization has been changed with
the manipulation target image is simply illustrated.

The image processing apparatus according to the present embodiment combines the
image corresponding to the display target region in the captured image with the ma-
nipulation target image in the process (2) (image processing). Also, the combined
image is displayed on the display screen through a process (3) (display control
process), which will be described below. Accordingly, as the image processing
apparatus according to the present embodiment combines the image corresponding to
the display target region with the manipulation target image in the process (2) (image
processing), difficulty for the user in manipulating manipulation target objects
arranged within the display screen is prevented.

Further, the image processing apparatus according to the present embodiment may
change the degree of visualization of the captured image based on the captured image
or the manipulation target image, and combine an image corresponding to the display
target region in the captured image whose degree of visualization has been changed
with the manipulation target image, for example, as described above. Also, the
combined image is displayed on the display screen through a process (3) (display
control process), which will be described below. Accordingly, as the image processing
apparatus according to the present embodiment changes the degree of visualization of
the captured image in the process (2) (image processing), it is possible to prevent the
visibility of the manipulation target object from decreasing in comparison with the case
in which the captured image and the manipulation target image are simply combined
and displayed on the display screen.

Further, the process (2) (image processing) in the image processing apparatus
according to the present embodiment is not limited to the above process.

(2-4) Other examples of image processing

(2-4-1) First example of other image processing



29

WO 2013/186986 PCT/JP2013/003116

[0118]

[0119]

[0120]

[0121]

For example, when the manipulation target region has been set in the process (1)
(region setting process), the image processing apparatus according to the present em-
bodiment may sequentially change the position and size of the region in the captured
image to be combined with the manipulation target image from the position and size of
a predetermined region larger than the display target region to the position and size of
the display target region. When the position and size of the region in the captured
image is changed, the image processing apparatus according to the present em-
bodiment sequentially combines, for example, the image corresponding to the region
whose position and size are sequentially changed with the manipulation target image.

As the image processing apparatus according to the present embodiment changes, for
example, the position and size of the region in the captured image to be combined with
the manipulation target image and sequentially combines the image corresponding to
the region with the manipulation target image as described above, an image corre-
sponding to a predetermined region is first displayed on the display screen and an
image of animation display is displayed, such as zooming of the image corresponding
to the predetermined region until the region corresponding to the display target region
is displayed, through a process (3) (display control process), which will be described
below.

Here, a situation in which there is a plurality of users in the captured image is
assumed. In this situation, if an object that becomes a clue for identifying an in-
dividual, such as a face or clothing is not included in the image displayed on the
display screen so that the user can identify the object, it may be difficult for each user
to recognize a user whose gesture is currently recognized (in other words, where the
manipulation target region is set) from the image displayed on the display screen.

On the other hand, the image processing apparatus according to the present em-
bodiment displays, on the display screen, an image of animation display such as
zooming of the image corresponding to the predetermined region up to the image cor-
responding to the display target region after the image corresponding to the prede-
termined region is first displayed. That is, each user views the image in the display
target region corresponding to the manipulation target region after viewing an image
that has been looked down at once. Thus, even when there are a plurality of users in
the captured image, the image processing apparatus according to the present em-
bodiment can enable each user to more easily recognize a user whose gesture is
currently recognized (in other words, where the manipulation target region has been
set) from the image displayed on display screen.

Fig. 14 is an illustrative diagram illustrating another example of the image processing
in the image processing apparatus according to the present embodiment, and illustrates

an example of animation display according to the present embodiment. Here, Fig. 14
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shows an example of a captured image and an image to be displayed on the display
screen (however, a manipulation target image is omitted) arranged in time series
(arranged to the right as time elapses in Fig. 14). Further, in Fig. 14, a captured image
Al and an image A2 to be displayed on the display screen with the captured image are
temporally corresponding images. Similarly, a captured image B1 and an image B2 to
be displayed on the display screen with the captured image, a captured image C1 and
an image C2 to be displayed on the display screen with the captured image, a captured
image D1 and an image D2 to be displayed on the display screen with the captured
image, and a captured image E1 and an image E2 to be displayed on the display screen
with the captured image are temporally corresponding images. Further, in Fig. 14, the
display target region is indicated by "AR_T" and the predetermined region is indicated
by "ARO." Further, in Fig. 14, the region whose position and size are sequentially
changed is indicated by "AR1."

Referring to Fig. 14, the image processing apparatus according to the present em-
bodiment does not display an image for feedback on the display screen before a gesture
manipulation starts (A2 shown in Fig. 14). In the process (1) (region setting process), if
it is determined that a start condition of gesture recognition, such as waving goodbye is
satisfied (if a gesture recognition start trigger (T shown in Fig. 14) is detected), the
image processing apparatus according to the present embodiment displays the image
corresponding to the predetermined region ARO on the display screen. Here, although
the example in which the predetermined region ARO is the entire captured image is 1il-
lustrated in Fig. 14, the predetermined region larger than the display target region
according to the present embodiment is not limited to the above region.

Fig. 15 is an illustrative diagram illustrating an example of the predetermined region
larger than the display target region according to the present embodiment. As shown in
Fig. 15, the image processing apparatus according to the present embodiment may, for
example, set a rectangular region having any size greater than a display target region
including a face region of a user detected from a captured image as the predetermined
region from which zooming starts.

An example of animation display according to another example of the image
processing in the image processing apparatus according to the present embodiment will
be described with reference to Fig. 14 again. When an image corresponding to the pre-
determined region ARO is displayed on the display screen, the image processing
apparatus according to the present embodiment sequentially changes, over time, the
position and size of the region in the captured image to be combined with the ma-
nipulation target image from the position and size of the predetermined region ARO to
the position and size of the display target region AR_T (C1, D1, and E1 shown in Fig.
14). Thus, an image zoomed to the display target region AR_T will be displayed on the
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display screen over time, as shown in C2 of Fig. 14 to E2 of Fig. 14.

Here, the apparatus that performs a process related to gesture recognition performs
the process related to the gesture recognition for the manipulation target region even
while zooming, for example, as shown in Fig. 14, but the process in the apparatus that
performs a process related to gesture recognition is not limited to the above process.
For example, the apparatus that performs a process related to gesture recognition may
not perform the process related to the gesture recognition while zooming as shown in
Fig. 14. As the apparatus that performs a process related to gesture recognition does
not perform the process related to the gesture recognition while zooming as shown in
Fig. 14, it is possible to prevent a wrong manipulation of the user when it is difficult
for the user to recognize the manipulation target region.

When the manipulation target region has been set in the process (1) (region setting
process), the image processing apparatus according to the present embodiment
displays, on the display screen, an image of animation display such as zooming of the
image corresponding to the predetermined region up to the image corresponding to the
display target region after the image corresponding to the predetermined region is first
displayed, for example, as shown in Fig.14. Thus, each user can recognize who is a
manipulator, from the image displayed on the display screen.

(2-4-2) Second example of other image processing

Further, image processing when the manipulation target region has been set in the
process (1) (region setting process) is not limited to the process when the manipulation
target region has been newly set, for example as shown in Fig.14. For example, the
manipulation target region may have already been set when the manipulation target
region was set in the process (1) (region setting process).

When a new manipulation target region different from the manipulation target region
that has already been set in the process (1) (region setting process) has been set, the
image processing apparatus according to the present embodiment, for example, may
sequentially change the position and size of the region in the captured image to be
combined with the manipulation target image from the position and size of the display
target region corresponding to the manipulation target region that has already been set
to the position and size of a predetermined region larger than the display target region.
Further, when the position and size of the region in the captured image has been
changed to the position and size of the predetermined region, the image processing
apparatus according to the present embodiment, for example, sequentially changes the
position and size of the region in the captured image from the position and size of the
predetermined region to the position and size of the display target region corre-
sponding to the newly set manipulation target region. When the position and size of the

region in the captured image are changed, the image processing apparatus according to
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the present embodiment, for example, sequentially combines the image corresponding
to the region whose position and size are sequentially changed with the manipulation
target image.

As the image processing apparatus according to the present embodiment changes the
position and size of the region in the captured image to be combined with the ma-
nipulation target image, for example, as described above and sequentially combines an
image corresponding to the region with the manipulation target image, an image
displayed on the display screen through a process (3) (display control process), which
will be described below is an image of animation display, for example, as shown in the
following (i) and (ii).

(1) Animation display, such as zooming, of an image corresponding to the display
target region corresponding to the manipulation target region that has already been set,
until an image corresponding to a predetermined region is displayed (zoom-out
display)

(i) Animation display, such as zooming, of the image corresponding to the prede-
termined region until the image corresponding to the display target region is displayed
(zoom-in display)

Here, a situation in which there are a plurality of users in the captured image is
assumed. In the above situation, if a display target region to be displayed on the
display screen is instantaneously switched from a display target region corresponding
to a manipulation target region set for one user to a display target region corresponding
to a manipulation target region set for the other user, each user is likely to be unable to
recognize a user whose gesture is currently recognized (in other words, where the ma-
nipulation target region has been set) from the image displayed on the display screen.

On the other hand, the image processing apparatus according to the present em-
bodiment first displays, on the display screen, an image of animation display, such as
zooming of the image of the display target region corresponding to the manipulation
target region that has already been set, up to the image of the predetermined region.
Also, the image processing apparatus according to the present embodiment displays,
on the display screen, an image of animation display, such as zooming of the image of
the predetermined region up to the image corresponding to the display target region
corresponding to the newly set manipulation target region. That is, each user views the
image of the display target region corresponding to the newly set manipulation target
region through zoom-in display after viewing an image that has been looked down at
once through zoom-out display. Thus, even when there are a plurality of users in the
captured image and a user corresponding to the set manipulation target region is
switched, the image processing apparatus according to the present embodiment can

enable each user to more easily recognize a user whose gesture is currently recognized
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(in other words, where the manipulation target region has been set) from the image
displayed on the display screen.

Fig. 16 is an illustrative diagram illustrating another example of the image processing
in the image processing apparatus according to the present embodiment, and illustrates
an example of the animation display according to the present embodiment. Here, Fig.
16 illustrates an example of a captured image and an image displayed on the display
screen (however, the manipulation target image is omitted) arranged in time series (in
Fig. 16, arranged to the right as time elapses). Further, in Fig. 16, a captured image Al
and an image A2 displayed on the display screen with the captured image are
temporally corresponding images. Similarly, a captured image B1 and an image B2
displayed on the display screen with the captured image, a captured image C1 and an
image C2 displayed on the display screen with the captured image, a captured image
D1 and an image D2 displayed on the display screen with the captured image, and a
captured image E1 and an image E2 displayed on the display screen with the captured
image are temporally corresponding images. Further, in Fig. 16, a display target region
corresponding to the manipulation target region that has already been set is indicated
by "AR_T1" and a display target region corresponding to the manipulation target
region that has been newly set is indicated by "AR_T2." Further, in Fig. 16, the prede-
termined region is indicated by "ARO," and regions whose position and size are
changed sequentially are indicated by "AR1" and "AR2."

If a new manipulation target region is set when the display target region AR_T1 has
been displayed on the display screen (Al and A2 shown in Fig. 16), the image
processing apparatus according to the present embodiment sequentially changes a
position and size of the region in the captured image to be combined with the ma-
nipulation target image from a position and a size of the display target region AR_T1
to a position and size of the predetermined region ARO over time (B1 and C1 shown in
Fig. 16). Thus, an image zoomed to the predetermined region ARO over time is
displayed on the display screen, as shown in B2 and C2 of Fig. 16. Here, although the
example in which the predetermined region ARO is the entire captured image has been
illustrated in Fig. 16, a predetermined region larger than the display target region
according to the present embodiment is not limited to the above region, as described
above.

Further, if the position and size of the region in the captured image to be combined
with the manipulation target image are changed to the position and size of the prede-
termined region ARQ, the image processing apparatus according to the present em-
bodiment sequentially changes a position and size of the region in the captured image
to be combined with the manipulation target image from the position and size of the

predetermined region ARO to the position and size of the display target region AR_T2
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over time (D1 and E1 shown in Fig. 16). Thus, an image zoomed to the display target
region AR_T2 over time is displayed on the display screen, as shown in D2 and E2 of
Fig. 16.

Here, the apparatus that performs a process related to gesture recognition performs
the process related to the gesture recognition on the manipulation target region even
while zooming, for example, as shown in Fig. 16, but the process in the apparatus that
performs a process related to gesture recognition is not limited thereto. For example,
the apparatus that performs a process related to gesture recognition may not perform
the process related to the gesture during zooming as shown in Fig. 16, like during
zooming as shown in Fig. 14.

Fig. 17 is an illustrative diagram illustrating another example of the image processing
in the image processing apparatus according to the present embodiment. Fig. 17 il-
lustrates an example of a change in a region of the captured image included in an
image displayed on the display screen when animation display according to the present
embodiment is performed. For example, as shown in Fig. 17, the image processing
apparatus according to the present embodiment changes the region displayed on the
display screen from the region of the entire captured image to realize, for example,
animation display in which the animation display shown in (i) and the animation
display shown in (ii) are combined.

If a new manipulation target region different from the manipulation target region that
has already been set has been set in the process (1) (region setting process), the image
processing apparatus according to the present embodiment displays, on the display
screen, an image of animation display in which zoom-out display from the display
target region corresponding to the manipulation target region that has already been set
and zoom-in display to the display target region corresponding to the manipulation
target region that has been newly set are combined, for example, as shown in Fig. 16.
Therefore, each user can recognize a change in the manipulator from the image
displayed on the display screen.

Further, the image processing apparatus according to the present embodiment may
adjust the degree of visualization of the manipulation target image, for example, during
the zooming animation display. An example of adjusting the degree of visualization of
the manipulation target image in the image processing apparatus according to the
present embodiment may include decreasing a degree of transparency of a GUI such as
a widget. By lowering the degree of transparency of the GUI, the image processing
apparatus according to the present embodiment can temporarily increase visibility of
the image (a feedback image) of the region in the captured image to be combined with
the manipulation target image and cause the user to more easily recognize switching of

the manipulator. Further, the example of adjusting the degree of visualization of the
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manipulation target image in the image processing apparatus according to the present
embodiment is not limited to the above example. For example, the image processing
apparatus according to the present embodiment may not temporarily display a GUI
such as a widget.

Further, for example, when the image processing apparatus according to the present
embodiment changes the degree of visualization of the captured image, the image
processing apparatus may adjust the degree of visualization of the captured image. An
example of adjusting the degree of visualization of the captured image in the image
processing apparatus according to the present embodiment may include weakening
blur addition and subtraction of the captured image.

(2-4-3) Third example of other image processing

Further, image processing in a case in which the new manipulation target region
different from the manipulation target region that has already been set in the process
(1) (region setting process) has been set is not limited to the process related to re-
alization of the animation display in which zoom-out display and zoom-in display are
combined, for example, as shown in Fig. 16.

For example, if a new manipulation target region different from the manipulation
target region that has already been set in the process (1) (region setting process) has
been set, the image processing apparatus according to the present embodiment may
change the location of the region in the captured image to be combined with the ma-
nipulation target image to move from the display target region corresponding to the
manipulation target region that has already been set to the display target region corre-
sponding to the newly set manipulation target region.

Fig. 18 is an illustrative diagram illustrating another example of the image processing
in the image processing apparatus according to the present embodiment, and illustrates
an example of a movement of a region displayed on the display screen according to the
present embodiment. Here, Fig. 18 illustrates the captured image. Further, in Fig. 18,
the display target region corresponding to the manipulation target region that has
already been set is indicated by "AR_T1" and the display target region corresponding
to the manipulation target region that has been newly set is indicated by "AR_T2."
Further, in Fig. 18, a trajectory of the movement of the region is indicated by "L."

As shown in L of Fig. 18, the image processing apparatus according to the present
embodiment, for example, changes the position of the region in the captured image to
be combined with the manipulation target image to draw a trajectory passing through
the face region recognized from the captured image. As the position of the region in
the captured image to be combined with the manipulation target image is changed to
draw the trajectory passing through the face region recognized from the captured

image, for example, as shown in Fig. 18, display in which switching of a manipulator
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is highlighted is realized.

Further, a method of changing the position of the region in the captured image to be
combined with the manipulation target image according to the present embodiment is
not limited to the above method. For example, the image processing apparatus
according to the present embodiment may change the position of the region in the
captured image to be combined with the manipulation target image, to move, at the
shortest distance, from the display target region corresponding to the manipulation
target region that has already been set, to the display target region corresponding to the
manipulation target region that has been newly set.

(3) Display control process

If the process (2) (image processing) is completed, the image processing apparatus
according to the present embodiment displays the combined image on the display
screen.

Here, when the image processing apparatus according to the present embodiment
displays the image on a display screen of an external display device, the image
processing apparatus according to the present embodiment transmits, for example, an
image signal indicating the image to the display device to display the image on the
display device. Further, when the image processing apparatus according to the present
embodiment displays the image on a display screen of a display unit (which will be
described below), the image processing apparatus according to the present embodiment
delivers an image signal indicating the image to the display unit (which will be
described below) to display the image.

The image processing apparatus according to the present embodiment performs, for
example, the process (1) (region setting process), the process (2) (image processing),
and the process (3) (display control process), as the processes according to the image
processing method according to the present embodiment. In the process (1) (region
setting process), the image processing apparatus according to the present embodiment
sets the manipulation target region. Further, in the process (2) (image processing), the
image processing apparatus according to the present embodiment combines the image
corresponding to the display target region in the captured image (the region corre-
sponding to the manipulation target region) with the manipulation target image. Also,
the combined image is displayed on the display screen through the process (3) (display
control process).

Here, since the image processing apparatus according to the present embodiment
combines the image corresponding to the display target region corresponding to the set
manipulation target region with the manipulation target image in the process (2)
(image processing), difficulty for the user in manipulating manipulation target objects

arranged within the display screen is prevented.
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Accordingly, the image processing apparatus according to the present embodiment
can display the captured image and the manipulation target image on the display screen
while preventing degradation of the maneuverability of the user.

Further, the image processing apparatus according to the present embodiment may
change the degree of visualization of the captured image in the process (2) (image
processing). When the degree of visualization of the captured image is changed in the
process (2) (image processing), the image processing apparatus according to the
present embodiment can prevent a decrease in the visibility of the manipulation target
object in comparison with the case in which the captured image and the manipulation
target image are simply combined and displayed on the display screen. Accordingly, if
the degree of visualization of the captured image is changed in the process (2) (image
processing), the image processing apparatus according to the present embodiment can
display the captured image and the manipulation target image on the display screen
while preventing a decrease in the visibility of the manipulation target object and
preventing degradation of maneuverability of the user.

Further, if the image processing apparatus according to the present embodiment de-
termines the partial range in which the captured image is partially visualized, based on
the manipulation target object included in the manipulation target image in the process
(2) (image processing), it is possible to display an image in which the manipulation
target object included in the manipulation target image is more clearly displayed, on
the display screen. Accordingly, in the above case, the image processing apparatus
according to the present embodiment can further improve, for example, the visibility of
the manipulation target object included in the manipulation target image (i.e., a ma-
nipulation target object constituting a GUI).

Further, if the image processing apparatus according to the present embodiment de-
termines the partial range in which the captured image is partially visualized, based on
a predetermined target recognized from the captured image in the process (2) (image
processing), a face of the user performing the manipulation is not displayed on the
display screen, for example, as shown in Figs. 9A to 10B. Accordingly, in the above
case, the image processing apparatus according to the present embodiment can realize,
for example, a mirror image representation causing the user not to feel vividness,
thereby feeding the gesture recognition causing the user not to feel vividness back to
the user.

Further, since the image processing apparatus according to the present embodiment
changes the degree of visualization of the captured image in the process (2) (image
processing), it is possible to control the visualization of a region unnecessary for a
gesture-based manipulation in comparison with a case in which the captured image and

the manipulation target image are simply combined and displayed on the display



38

WO 2013/186986 PCT/JP2013/003116

[0154]

[0155]

[0156]

[0157]

[0158]

screen. Accordingly, the image processing apparatus according to the present em-
bodiment, for example, can further facilitate a finer gesture-based manipulation by the
user, thereby further improving maneuverability of the user.

Further, the image processing apparatus according to the present embodiment can
display the image in the display target region corresponding to the manipulation target
region on the display screen through the animation display, such as zooming, for
example, through the process (2) (image processing) and the process (3) (display
control process). By displaying the image in the display target region corresponding to
the manipulation target region on the display screen through the animation display
such as zooming, the image processing apparatus according to the present embodiment
can cause the user to more readily recognize, from the image displayed on the display
screen, a user whose gesture is currently recognized.

Further, the process according to the image processing method according to the
present embodiment in the image processing apparatus according to the present em-
bodiment is not limited to the process (1) (region setting process) to the process (3)
(display control process). For example, the image processing apparatus according to
the present embodiment may notify the user of a gesture manipulation possible in the
manipulation target object based on the position of the recognition target object on
which the gesture recognition is performed and the position of the manipulation target
object manipulated according to a result of the gesture recognition included in the ma-
nipulation target image, in the combined image (notification process).

Here, an example of the recognition target object according to the present em-
bodiment may include a gesture recognition target for recognition of a gesture of a
user, such as a part of a body of the user such as a hand of the user or a shape of an
object manipulated by the user.

Figs. 19 to 21 are illustrative diagrams illustrating examples of the notification
process in the image processing apparatus according to the present embodiment. Here,
each of Figs. 19 to 21 illustrates an example in which a gesture manipulation possible
with respect to an icon constituting a GUI or content, which is selected by a hand of a
user (an example of a recognition target object) is visually notified of through the noti-
fication process according to the present embodiment. Further, in Figs. 19 to 21, an
example in which the image processing apparatus according to the present embodiment
has combined the captured image whose degree of visualization has been changed with
the manipulation target image is illustrated simply.

For example, Fig. 19 illustrates an example in which the image processing apparatus
according to the present embodiment displays auxiliary icons indicating scrollable di-
rections (I1 and I2 in Fig. 19) on the display screen when the position of the hand of

the user is present in a range in which an icon can be manipulated.
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Further, for example, Fig. 20 illustrates an example in which the image processing
apparatus according to the present embodiment displays an icon indicating a gesture by
which content can be determined, on the display screen, when the position of the hand
of the user is present in a range in which the content can be manipulated. Further, the
image processing apparatus according to the present embodiment may notify the user
of the gesture by which the content can be determined, through animation display.

Further, for example, Fig. 21 illustrates an example in which an icon indicating a
gesture by which the content can be determined or a gesture by which the content can
be switched is displayed on the display screen when the position of the hand of the user
is present in a range in which the content can be manipulated. Further, the image
processing apparatus according to the present embodiment may notify the user of the
gesture by which the content can be determined or the gesture by which the content
can be switched, through animation display.

Further, for example, as shown in Fig. 21, the image processing apparatus according
to the present embodiment may notify the user whether an object can be manipulated
by a gesture by changing representations of an object that can be manipulated by a
gesture (A shown in Fig. 21) and objects difficult to be manipulated by a gesture (B to
E shown in Fig. 21)). Here, an example of a representing method indicating whether
manipulation can be performed by the gesture may include representation in which the
degree of transparency is changed.

The image processing apparatus according to the present embodiment performs a
process of visually notifying of a gesture manipulation possible in the manipulation
target object, for example, as described above, as the notification process (4). Further,
the notification process in the image processing apparatus according to the present em-
bodiment is not limited to the process of visually notifying of a gesture manipulation
possible in the manipulation target object as shown in Figs. 19 to 21. For example, the
image processing apparatus according to the present embodiment may notify of the
gesture manipulation possible in the manipulation target object using an auditory
notifying method using sound (including music or a beeping sound; the same applies
hereinafter). Further, the image processing apparatus according to the present em-
bodiment may perform a combination of visual notification and auditory notification.

Here, an example of a target that the image processing apparatus according to the
present embodiment causes to perform the notification may include a display unit
(which will be described below) or a sound output unit (which will be described
below) included in the own apparatus (the image processing apparatus according to the
present embodiment), and/or an external apparatus, such as an external display device
or an external sound output device.

[2] One example of process according to image processing method according to
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present embodiment

Fig. 22 is a flow diagram illustrating an example of the process according to the image
processing method according to the present embodiment. Hereinafter, the image
processing apparatus according to the present embodiment will be described as
performing the process illustrated in Fig. 22. Here, for example, a process of steps
S100, S102, S110, and S112 in Fig. 22 corresponds to the process (1) (region setting
process). Further, for example, a process of steps S104 to S108 and steps S114 and
S116 in Fig. 22 corresponds to the process (2) (image processing) and the process (3)
(display control process). Further, hereinafter, for example, the combined image will
be described as being displayed on the display screen, basically, through the process
(2) (image processing) and the process (3) (display control process) until the process of
step S108 is performed after the process of step S102 is performed.

The image processing apparatus according to the present embodiment determines
whether the gesture recognition starts (S100). Here, the image processing apparatus
according to the present embodiment, for example, determines whether a start
condition of gesture recognition (trigger of gesture recognition start) is satisfied, and
determines that the gesture recognition starts if it is determined that the start condition
of gesture recognition is satisfied.

If it is not determined in step S100 that the gesture recognition starts, the image
processing apparatus according to the present embodiment does not proceed with the
process until the gesture recognition is determined to start.

Further, when it is determined in step S100 that the gesture recognition starts, the
image processing apparatus according to the present embodiment sets a manipulation
target region (S102).

If the manipulation target region is set in step S102, the image processing apparatus
according to the present embodiment performs a zoom animation display (S104). Here,
an example of the zoom animation display in step S104 may include zoom-in display
from a predetermined region larger than a display target region corresponding to the
manipulation target region set in step S102 to the display target region.

Further, although not shown in Fig. 22, the apparatus that performs a process related
to gesture recognition recognizes a gesture in the manipulation target region set in step
S102 and performs a process according to a recognition result, subsequent to the
process of step S102.

The image processing apparatus according to the present embodiment determines
whether the gesture recognition in the apparatus that performs a process related to
gesture recognition has ended (S106). If the apparatus that performs a process related
to gesture recognition is the own apparatus (the image processing apparatus according

to the present embodiment), the image processing apparatus according to the present
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embodiment, for example, determines whether the end condition of gesture recognition
(trigger of gesture recognition end) is satisfied, and determines that the gesture
recognition has ended if it is determined that the end condition of gesture recognition is
satisfied, as in step S100. Further, the image processing apparatus according to the
present embodiment may determine that the end condition of gesture recognition is
satisfied, for example, if a manipulation or a motion of the detection target is not
detected for a certain period of time or if content, an icon or the like is selected.
Further, if the apparatus that performs a process related to gesture recognition is an
external apparatus, the image processing apparatus according to the present em-
bodiment determines that the gesture recognition has ended, for example, when
receiving a signal indicating that the gesture recognition has ended, which is
transmitted from the external apparatus.

If it is determined in step S106 that the gesture recognition in the apparatus that
performs a process related to gesture recognition has ended, the image processing
apparatus according to the present embodiment displays the manipulation target image
on the display screen and ends image-based feedback to the user. Also, the image
processing apparatus according to the present embodiment ends the process according
to the image processing method according to the present embodiment.

Further, if it is not determined in step S106 that the gesture recognition in the
apparatus that performs a process related to gesture recognition has ended, the image
processing apparatus according to the present embodiment determines whether new
gesture recognition starts (S110). Here, the image processing apparatus according to
the present embodiment determines that the new gesture recognition starts if itis de-
termined that the start condition of the new gesture recognition is satisfied, for
example, through the same process as step S100. Further, a target on which the new
gesture recognition determined in step S110 is performed, for example, may be a user
different from the user corresponding to the manipulation target region which has
already been set or may be the same user as the user corresponding to the manipulation
target region which has already been set.

If it is not determined in step S110 that the new gesture recognition starts, the image
processing apparatus according to the present embodiment repeats the process from
step S106.

Further, if it is determined in step S110 that the new gesture recognition starts, the
image processing apparatus according to the present embodiment sets the manipulation
target region (S112), as in step S102.

If the manipulation target region is set in step S112, the image processing apparatus
according to the present embodiment performs zoom animation display (S114 and

S116). Also, the image processing apparatus according to the present embodiment
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repeats the process from step S106. Here, an example of the zoom animation display in
step S114 may include zoom-out display from the display target region corresponding
to the manipulation target region which has already been set, to a predetermined region
larger than the display target region and a display target region corresponding to the
manipulation target region newly set in step S112. Further, an example of the zoom
animation display in step S116 may include zoom-in display from the predetermined
region to the display target region corresponding to the manipulation target region
newly set in step S112.

The image processing apparatus according to the present embodiment performs, for
example, the process illustrated in Fig. 22 to realize the process (1) (region setting
process) to the process (3) (display control process) according to the image processing
method according to the present embodiment. Further, it is understood that the process
according to the image processing method according to the present embodiment is not
limited to the process illustrated in Fig. 22.

(Image processing apparatus according to the present embodiment)

Next, an example of a configuration of the image processing apparatus according to
the present embodiment capable of performing the process according to the image
processing method according to the present embodiment described above will be
described.

Fig. 23 is a block diagram illustrating an example of a configuration of the image
processing apparatus 100 according to the present embodiment. For example, the
image processing apparatus 100 includes a communication unit 102 and a control unit
104.

Further, the image processing apparatus 100 may include, for example, a ROM
(Read Only Memory; not shown), a RAM (Random Access Memory; not shown), a
storage unit (not shown), a manipulation unit (not shown) that can be manipulated by
the user, and a display unit (not shown) that displays various screens on a display
screen. In the image processing apparatus 100, for example, the respective components
are connected by a bus as a data transmission line.

Here, the ROM (not shown) stores a program or data for control such as calculation
parameters, which is used by the control unit 104. The RAM (not shown) temporarily
stores, for example, a program to be executed by the control unit 104.

The storage unit (not shown) is a storage medium included in the image processing
apparatus 100, and stores, for example, various data such as data constituting the ma-
nipulation target image or applications. Here, examples of the storage unit (not shown)
may include a magnetic recording medium such as a hard disk, and a non-volatile
memory such as an EEPROM (Electrically Erasable and Programmable Read Only

Memory) or a flash memory. Further, the storage unit (not shown) may be detachable
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from the image processing apparatus 100. Further, the manipulation unit (not shown)
may include a manipulation input device, which will be described below, and the
display unit (not shown) may include a display device, which will be described below.

(Example of hardware configuration of image processing apparatus 100)

Fig. 24 is an illustrative diagram illustrating an example of a hardware configuration
of the image processing apparatus 100 according to the present embodiment. The
image processing apparatus 100 includes, for example, an MPU 150, a ROM 152, a
RAM 154, arecording medium 156, an input and output interface 158, a manipulation
input device 160, a display device 162, and a communication interface 164. Further, in
the image processing apparatus 100, the respective components are connected, for
example, by a bus 166 as a data transmission path.

The MPU 150, for example, functions as the control unit 104 that includes an MPU
(Micro Processing Unit) or various processing circuits, and controls the entire image
processing apparatus 100. Further, in the image processing apparatus 100, the MPU
150 plays the role of, for example, a region setting unit 110, an image processing unit
112, and a display control unit 114, which will be described below.

The ROM 152 stores a program or data for control, such as calculation parameters,
which is used by the MPU 150. The RAM 154, for example, temporarily stores a
program to be executed by the MPU 150.

The recording medium 156 functions as a storage unit (not shown) and stores, for
example, various data such as data constituting the manipulation target image or ap-
plications. Here, an example of the recording medium 156 may include a magnetic
recording medium such as a hard disk or a nonvolatile memory such as a flash
memory. Further, the recording medium 156 may be detachable from the image
processing apparatus 100.

The input and output interface 158 connects, for example, the manipulation input
device 160 or the display device 162. The manipulation input device 160 functions as a
manipulation unit (not shown), and the display device 162 functions as a display unit
(not shown). Here, examples of the input and output interface 158 may include a USB
(Universal Serial Bus) terminal, a DVI (Digital Visual Interface) terminal, an HDMI
(High-Definition Multimedia Interface) terminal, and various processing circuits.
Further, the manipulation input device 160 is provided, for example, on the image
processing apparatus 100 and connected to the input and output interface 158 inside
the image processing apparatus 100. An example of the manipulation input device 160
may include buttons, direction keys, a rotary type selector such as a jog dial, or a com-
bination thereof. Further, the display device 162 is provided, for example, on the image
processing apparatus 100 and connected to the input and output interface 158 inside

the image processing apparatus 100. An example of the display device 162 may
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include a liquid crystal display (LCD) or an organic EL display (organic ElectroLumi-
nescence display; also known as an OLED display (Organic Light Emitting Diode
display)).

Further, it is understood that the input and output interface 158 is connected to
external devices, such as a manipulation input device (e.g., a keyboard or a mouse) and
a display device, that are devices external to the image processing apparatus 100.
Further, the display device 162 may be, for example, a device in which both display
and user manipulation are possible, such as a touch screen.

The communication interface 164 is a communication medium included in the image
processing apparatus 100 and functions as the communication unit 102 for performing
wireless/wired communication with the imaging apparatus, the display device, or an
external device such as a server via a network (or directly). Here, an example of the
communication interface 164 may include a communication antenna and an RF (Radio
Frequency) circuit (wireless communication), an IEEE802.15.1 port and a transmission
and reception circuit (wireless communication), an IEEE802.11b port and a
transmission and reception circuit (wireless communication), or a LAN (Local Area
Network) terminal and a transmission and reception circuit (wired communication).
Further, an example of the network according to the present embodiment may include
a wired network such as a LAN or a WAN (Wide Area Network), a wireless network
such as a wireless LAN (WLAN; Wireless Local Area Network) or a wireless WAN
(WWAN; Wireless Wide Area Network) via a base station, or the Internet using a
communication protocol, such as TCP/IP (Transmission Control Protocol/Internet
Protocol).

The image processing apparatus 100 performs the process according to the image
processing method according to the present embodiment, for example, through the
configuration shown in Fig. 24. A hardware configuration of the image processing
apparatus 100 according to the present embodiment is not limited to the configuration
shown in Fig. 23. For example, the image processing apparatus 100 may include an
imaging device serving as an imaging unit (not shown) that captures a still image or a
moving image. If the imaging device is included, the image processing apparatus 100
can process, for example, the captured image that is generated by the imaging in the
imaging device.

Here, examples of the imaging device according to the present embodiment may
include a lens/imaging element and a signal processing circuit. The lens/imaging
element includes, for example, a lens of an optical system, and an image sensor using a
plurality of CMOS (Complementary Metal Oxide Semiconductor) imaging elements.
Further, the signal processing circuit includes, for example, an AGC (Automatic Gain

Control) circuit or an ADC (Analog to Digital Converter), and converts an analog
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signal generated by the imaging element into a digital signal (image data) to perform
various signal processing. Examples of signal processing performed by the signal
processing circuit may include a white balance correction process, a tint correction
process, a gamma correction process, a YCbCr conversion process, and an edge en-
hancement process.

Further, the image processing apparatus 100 may further include, for example, a DSP
(Digital Signal Processor) and a sound output device. An example of the sound output
device according to the present embodiment may include an amplifier and a speaker.
When the DSP and the sound output device are further included, the image processing
apparatus 100 can perform notification of, for example, gesture manipulation that is
possible in the manipulation target object, using the sound output from the sound
output device.

Further, when the image processing apparatus 100 has, for example, a configuration
that performs processing in a stand-alone manner, the image processing apparatus 100
may not include the communication interface 164. Further, the image processing
apparatus 100 may have a configuration in which the manipulation input device 160 or
the display device 162 is not included.

Referring to Fig. 23 again, an example of the configuration of the image processing
apparatus 100 will be described. The communication unit 102 is a communication
medium included in the image processing apparatus 100, and performs wireless/wired
communication with an external device such as an imaging apparatus, a display device,
or a server via the network (or directly). Further, communication of the communication
unit 102 is controlled, for example, by the control unit 104. Here, the communication
unit 102 may include, for example, a communication antenna and an RF circuit or a
LAN terminal and a transmission and reception circuit, but the configuration of the
communication unit 102 is not limited thereto. For example, the communication unit
102 may have a configuration corresponding to any standard in which communication
is possible, such as a USB terminal and a transmission and reception circuit, or may
have any configuration capable of communication with an external device via a
network.

The control unit 104 includes, for example, an MPU, and serves to control the entire
image processing apparatus 100. Further, the control unit 104 includes, for example,
the region setting unit 110, the image processing unit 112, and the display control unit
114, and plays a leading role in performing the process according to the image
processing method according to the present embodiment.

The region setting unit 110 plays a leading role in performing the process (1) (region
setting process), for example, to set the manipulation target region in a part of the

captured image.



46

WO 2013/186986 PCT/JP2013/003116

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]

The image processing unit 112 plays a leading role in performing the process (2)
(image processing) to combine the image in the display target region corresponding to
the manipulation target region set in the region setting unit 110 with the manipulation
target image. Further, the image processing unit 112 may change the degree of visu-
alization of the captured image, for example, based on the captured image or the ma-
nipulation target image and combine the image in the display target region corre-
sponding to the manipulation target region set in the region setting unit 110 with the
manipulation target image.

The display control unit 114 plays a leading role in the process (3) (display control
process), and displays the image combined by the image processing unit 112 on the
display screen.

As the control unit 104 includes, for example, the region setting unit 110, the image
processing unit 112, and the display control unit 114, the control unit 104 plays a
leading role in the processes according to the image processing method according to
the present embodiment (e.g., the process (1) (region setting process) to the process (3)
(display control process)).

Further, the configuration of the control unit according to the present embodiment is
not limited to the configuration shown in Fig. 23. For example, the control unit
according to the present embodiment may further include a notification processing unit
(not shown) that performs the process (4) (notification process). Further, the control
unit according to the present embodiment, for example, may further include a gesture
recognition processing unit (not shown) that recognizes a gesture in the set ma-
nipulation target region and performs a process related to the recognized gesture.

The image processing apparatus 100 performs the processes according to the image
processing method according to the present embodiment (e.g., the process (1) (region
setting process) to the process (3) (display control process)), for example, using the
configuration shown in Fig. 23. Accordingly, the image processing apparatus 100 can
display the captured image and the manipulation target image on the display screen
while preventing the decrease in visibility of the manipulation target object and
preventing degradation of the maneuverability of the user, for example, using the con-
figuration shown in Fig. 23.

Further, a configuration of the image processing apparatus according to the present
embodiment is not limited to the configuration shown in Fig. 23. For example, the
image processing apparatus according to the present embodiment may individually
include the region setting unit 110, the image processing unit 112, and the display
control unit 114 shown in Fig. 23, the notification processing unit (not shown), or the
gesture recognition processing unit (not shown) (realize the respective units as in-

dividual processing circuits).
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Further, the image processing apparatus according to the present embodiment may
include, for example, an imaging unit (not shown). If the image processing apparatus
includes the imaging unit (not shown), the image processing apparatus according to the
present embodiment can process a captured image generated by the imaging in the
imaging unit (not shown).

Further, the image processing apparatus according to the present embodiment may
include, for example, a sound output unit (not shown) capable of outputting sound.
Here, examples of the sound output unit (not shown) may include a DSP and a sound
output device. When the image processing apparatus includes the sound output unit
(not shown), the image processing apparatus according to the present embodiment can
perform a variety of notifications for the user, such as notification of a gesture ma-
nipulation possible in the manipulation target object or an error, using the sound output
by the sound output unit (not shown).

Further, when the image processing apparatus according to the present embodiment
has, for example, a configuration that performs processing in a stand-alone manner, the
image processing apparatus may not include the communication unit 102.

As described above, the image processing apparatus according to the present em-
bodiment performs, for example, the process (1) (region setting process), the process
(2) (image processing), and the process (3) (display control process) as the processes
according to the image processing method according to the present embodiment. The
image processing apparatus according to the present embodiment sets the manipulation
target region in the process (1) (region setting process). Further, the image processing
apparatus according to the present embodiment combines the image corresponding to
the display target region (a region corresponding to the manipulation target region) in
the captured image with the manipulation target image in the process (2) (image
processing). Also, the combined image is displayed on the display screen through the
process (3) (display control process).

Here, since the image processing apparatus according to the present embodiment
combines the image corresponding to the display target region corresponding to the set
manipulation target region with the manipulation target image in the process (2)
(image processing), difficulty for the user in manipulating manipulation target objects
arranged within the display screen is prevented.

Accordingly, the image processing apparatus according to the present embodiment
can display the captured image and the manipulation target image on the display screen
while preventing degradation of maneuverability of the user.

Further, the image processing apparatus according to the present embodiment may
change the degree of visualization of the captured image in the process (2) (image

processing). When the degree of visualization of the captured image is changed in the
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process (2) (image processing), the image processing apparatus according to the
present embodiment can prevent the decrease in visibility of the manipulation target
object in comparison with a case in which the captured image and the manipulation
target image are simply combined and displayed on the display screen. Accordingly, if
the degree of visualization of the captured image is changed in the process (2) (image
processing), the image processing apparatus according to the present embodiment can
display the captured image and the manipulation target image on the display screen
while preventing the decrease in visibility of the manipulation target object and
preventing degradation of maneuverability of the user.

Further, the image processing apparatus according to the present embodiment sets the
manipulation target region, for example, according to a position or a posture of the
user, a size of a face or a hand, or the like in the process (1) (region setting process).
As the manipulation target region is set from the size of the face or the hand, or the
like, the user can perform a gesture manipulation with the same manipulation sense,
for example, even in a position close to a camera or even in a position away from the
camera. Further, as the image processing apparatus according to the present em-
bodiment dynamically updates (resets) the manipulation target region according to a
movement of the detection target, such as a face or a hand, the user can continuously
perform the manipulation even when a manipulator (user) moves during the gesture
manipulation.

Further, the image processing apparatus according to the present embodiment can
display the image of the display target region corresponding to the manipulation target
region on the display screen through the animation display, such as zooming, for
example, through the process (2) (image processing) and the process (3) (display
control process). By displaying the image of the display target region corresponding to
the manipulation target region on the display screen through the animation display,
such as zooming, the image processing apparatus according to the present embodiment
can cause the user to more readily recognize a user whose gesture is currently
recognized from the image displayed on the display screen. Further, as the image of the
display target region corresponding to the manipulation target region is displayed on
the display screen through the animation display, such as zooming, the manipulator
(user) can recognize where the manipulation target region has been set, for example,
even when the image processing apparatus according to the present embodiment in-
evitably sets the manipulation target region in a range different from a range intended
by the manipulator, such as when the manipulator protrudes outside a field of view of
the camera. Further, as the image of the display target region corresponding to the ma-
nipulation target region is displayed on the display screen through the animation

display, such as zooming, the user can recognize where the user has to move his or her
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hand or the like to be able to perform a gesture manipulation even when the ma-
nipulation target region is changed according to the position and posture of the
recognized user (e.g., sitting, standing, or lying down). Further, as the image of the
display target region corresponding to the manipulation target region is displayed on
the display screen through the animation display, such as zooming, the user can im-
mediately recognize that the manipulator has been switched.

The image processing apparatus has been described above as the present em-
bodiment, but the present embodiment is not limited to such an embodiment. The
present embodiment may be applied to, for example, a variety of devices capable of
processing an image and controlling display on the display screen, such as a commu-
nication device such as a mobile phone or a smartphone, a video/music player device
(or a video/music recording and reproducing device), a game machine, a computer
such as a PC (Personal Computer) or a server, a display device such as a television
receiver, or an imaging apparatus such as a digital camera. Further, the present em-
bodiment may be applied to, for example, a processing IC (Integrated Circuit) that can
be incorporated into such devices.

Further, the process according to the image processing method according to the
present embodiment may be realized by an image processing system including a
plurality of devices on the assumption of a connection to a network (or communication
between respective devices) such as, for example, cloud computing.

(Program according to the present embodiment)

A program for causing a computer to function as the image processing apparatus
according to the present embodiment (e.g., a program capable of executing the process
according to the image processing method according to the present embodiment, such
as "the process (1) (region setting process) to the process (3) (display control process)"
or "the process (1) (region setting process) to the process (4) (notification process)") is
executed in the computer, thereby displaying the captured image and the manipulation
target image on the display screen while preventing a decrease in the visibility of the
manipulation target object and preventing degradation of maneuverability of the user.

Although the preferred embodiments of the present disclosure have been described in
detail with reference to the appended drawings, the present disclosure is not limited
thereto. It is obvious to those skilled in the art that various modifications or variations
are possible insofar as they are within the technical scope of the appended claims or
the equivalents thereof. It should be understood that such modifications or variations
are also within the technical scope of the present disclosure.

For example, while in the above description, provision of the program (computer
program) for causing the computer to function as the image processing apparatus

according to the present embodiment has been shown, the present embodiment may
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further provide a recording medium having the program stored thereon together.

The configuration described above is an example of the present embodiment and, of
course, is within the technical scope of the present disclosure.

Additionally, the present technology may also be configured as below.

(1) An image processing apparatus including:

a region setting unit that sets a manipulation target region in a part of a captured
image for feeding a gesture operation back to a user, the manipulation target region
being a region in which gesture recognition is performed;

an image processing unit that combines an image in a display target region with a
manipulation target image to be manipulated according to a result of the gesture
recognition, the display target region being a region corresponding to the manipulation
target region to be displayed on a display screen in the captured image; and

a display control unit that displays a combined image on the display screen.

(2) The image processing apparatus according to (1), wherein

the manipulation target region set by the region setting unit is a region smaller than
an entire region of the captured image and larger than the display target region.

(3) The image processing apparatus according to (1) or (2), wherein

the region setting unit sets the manipulation target region based on one or two or
more of a position and a size of a detection target in the captured image, a motion of
the detection target, a posture of a user, a shape of the detection target, and a size of a
manipulation target object included in the manipulation target image.

(4) The image processing apparatus according to any one of (1) to (3), wherein

the manipulation target image includes a region in which a gesture is recognized and
a region in which a gesture is not recognized, and

the image processing unit does not combine the captured image in the region of the
manipulation target image in which a gesture is not recognized.

(5) The image processing apparatus according to any one of (1) to (4), wherein

the region setting unit determines whether a start condition of gesture recognition is
satisfied, and sets the manipulation target region when the region setting unit de-
termines that the start condition of gesture recognition is satisfied.

(6) The image processing apparatus according to any one of (1) to (5), wherein

when the region setting unit sets the manipulation target region, the image processing
unit sequentially changes a position and a size of a region in the captured image to be
combined with the manipulation target image from a position and a size of a prede-
termined region larger than the display target region to a position and a size of the
display target region, and sequentially combines an image corresponding to a region
whose position and size are sequentially changed with the manipulation target image.

(7) The image processing apparatus according to any one of (1) to (5), wherein
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when the region setting unit sets a new manipulation target region different from the
manipulation target region that has already been set, the image processing unit se-
quentially changes a position and a size of a region in the captured image to be
combined with the manipulation target image from a position and a size of the display
target region corresponding to the manipulation target region that has already been set
to a position and a size of a predetermined region larger than the display target region,
and

when the position and the size of the region in the captured image are changed to the
position and the size of the predetermined region, the image processing unit se-
quentially changes the position and the size of the region in the captured image from
the position and the size of the predetermined region to the position and the size of the
display target region corresponding to the manipulation target region that has been
newly set, and

sequentially combines an image corresponding to a region whose position and size are
sequentially changed with the manipulation target image.

(8) The image processing apparatus according to any one of (1) to (5), wherein

when the region setting unit sets a new manipulation target region different from the
manipulation target region that has already been set, the image processing unit changes
a position of a region in the captured image to be combined with the manipulation
target image in a manner that the position of the region in the captured image is moved
from the display target region corresponding to the manipulation target region that has
already been set to the display target region corresponding to the new manipulation
target region that has been set.

(9) The image processing apparatus according to any one of (1) to (8), further
including:

a notification processing unit that notifies a user of a gesture manipulation possible in
the manipulation target object, based on a position of a recognition target object on
which gesture recognition is performed and a position of a manipulation target object
manipulated according to a result of the gesture recognition included in the ma-
nipulation target image, in the combined image.

(10) The image processing apparatus according to (1), wherein

the image processing unit changes a degree of visualization of the captured image
based on the captured image, and combines an image in the display target region in the
captured image whose degree of visualization has been changed with the manipulation
target image.

(11) The image processing apparatus according to (10), wherein

the image processing unit changes a partial range in which the captured image is

partially visualized as a change in the degree of visualization.
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(12) The image processing apparatus according to (11), wherein

the image processing unit determines the partial range based on a predetermined target
recognized from the captured image.

(13) The image processing apparatus according to (11), wherein

the image processing unit changes a degree of transparency of the captured image or a
display area of the captured image, as partial visualization of the captured image.

(14) The image processing apparatus according to (10), wherein

the image processing unit changes a degree of smoothing to smooth the captured image
as a change in the degree of the visualization.

(15) An image processing method including:

setting a manipulation target region in a part of a captured image for feeding a gesture
operation back to a user, the manipulation target region being a region in which gesture
recognition is performed;

combining an image in a display target region with a manipulation target image to be
manipulated according to a result of the gesture recognition, the display target region
being a region corresponding to the manipulation target region to be displayed on a
display screen in the captured image; and

displaying a combined image on the display screen.

(16) A program for causing a computer to execute:

setting a manipulation target region in a part of a captured image for feeding a gesture
operation back to a user, the manipulation target region being a region in which gesture
recognition is performed;

combining an image in a display target region with a manipulation target image to be
manipulated according to a result of the gesture recognition, the display target region
being a region corresponding to the manipulation target region to be displayed on a
display screen in the captured image; and

displaying a combined image on the display screen.

(17) An information processing system including: circuitry configured to: acquire
image data captured by an imaging device; set a manipulation target region based on
the detection of an object in the acquired image data, the manipulation target region
being set to have an area covering an entire area of a display; control the display to
display a manipulation target image in the area of the display corresponding to the ma-
nipulation target region; and detect an input to the manipulation target image based on
the acquired image data.

(18) The information processing system of (17), wherein the circuitry is configured to
control the display to display at least a portion of the acquired image data that includes
the detected object together with the manipulation target region.

(19) The information processing system of (18), wherein the circuitry is configured to
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control the display to apply a predetermined effect to the at least a portion of the
acquired image data that includes the detected object.

(20) The information processing system of any of (18) to (19), wherein the circuitry is
configured to control the display to apply a predetermined effect to the detected object
included in the at least a portion of the acquired image data.

(21) The information processing system of any of (17) to (20), wherein the circuitry is
configured to detect a hand in the acquired image data, and set the manipulation target
region based on the detection of the hand.

(22) The information processing system of (21), wherein the circuitry is configured to
set the manipulation target region based on at least one of a size and a position of the
hand detected in the image data.

(23) The information processing system of any of (21) to (22), wherein the circuitry is
configured to set, as the manipulation target region, a region having a size including
the detected hand, which is smaller than a size corresponding to the acquired image
data.

(24) The information processing system of any of (17) to (23), wherein the circuitry is
configured to detect a face in the acquired image data, and set the manipulation target
region based on the detection of the face.

(25) The information processing system of (24), wherein the circuitry is configured to
set the manipulation target region based on at least one of a size and a position of the
detected face.

(26) The information processing system of any of (24) to (25), wherein the circuitry is
configured to set, as the manipulation target region, a region having a size including
the detected face, which is smaller than a size corresponding to the acquired image
data.

(27) The information processing system of (24), wherein the circuitry is configured to:
identify a user corresponding to the detected face; acquire information indicating a
handedness of the identified user; and set the manipulation target region based on the
handedness of the user.

(28) The information processing system of (24), wherein the circuitry is configured to
detect a user's posture from the acquired image data, and set the manipulation target
region based on the detected posture and a position of the detected face in the acquired
image data.

(29) The information processing system of any of (17) to (28), wherein the circuitry is
configured to detect at least one of a movement and shape of the object in the acquired
image data, and set the manipulation target region based on the detected at least one of
the movement and shape of the object.

(30) The information processing system of any of (17) to (29), wherein the ma-
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nipulation target image includes a plurality of selectable manipulation target objects,
and the circuitry is configured to detect, as the input to the manipulation target image,
a selection of one of the plurality of selectable manipulation target objects.

(31) The information processing system of any of (17) to (30), wherein the ma-
nipulation target image includes a first area including a first manipulation target object
capable of being manipulated by a detected input, and a second area including a second
manipulation target object not capable of being manipulated by a detected input.

(32) The information processing system of any of (17) to (31), wherein the circuitry is
configured to detect a gesture input based on the acquired image data.

(33) The information processing system of (31), wherein the circuitry is configured to
control the display to display at least a portion of the acquired image data in the first
area and not display any of the image data in the second area.

(34) The information processing system of (31), wherein the circuitry is configured to
control the display to display at least a portion of the acquired image data in the first
and second areas, wherein a predetermined effect is applied to the displayed at least a
portion of the acquired image data to differentiate the at least a portion of the acquired
image data displayed in the first area from the at least a portion of the acquired image
data displayed in the second area.

(35) The information processing system of any of (17) to (34), wherein the circuitry is
configured to: detect a second object in the acquired image data; set a second ma-
nipulation target region based on the detection of the second object from the acquired
image data; and control the display to display notification indicating a change from the
manipulation target region to the second manipulation target region.

(36) The information processing system of (35), wherein the circuitry is configured to
control the display to display then notification by performing a zoom-in and zoom-out
on at least a portion of the acquired image data displayed on the display.

(37) The information processing system of any of (17) to (36), wherein the circuitry is
configured to control the display to output a notification that the detected object is
outside of a range for detecting an input to the manipulation target image based on the
acquired image data.

(38) The information processing system of (37), wherein the circuitry is configured to
control the display to output instructions indicating a direction that the detected object
should move to be located in the range for detecting an input to the manipulation target
image.

(39) The information processing system of any of (17) to (38), wherein the circuitry is
configured to set the manipulation target region to have an area covering an entire area
of the display.

(40) The information processing system of any of (17) to (38), wherein the circuitry is



55

WO 2013/186986 PCT/JP2013/003116

[0218]

configured to set the manipulation target region to have a larger area than the entire
area of the display.
(41) The information processing system of any of (17) to (40), wherein the circuitry is
configured to detect an input to the manipulation target image based on the acquired
image data.
(42) A method performed by an information processing system, the method including:
controlling a display to display an image generated based on a manipulation target
image and an image based on a manipulation target region that is set based on a
detection of an object included in acquired image data.
(43) A non-transitory computer-readable medium including computer-program in-
structions, which when executed by an information processing system, cause the in-
formation processing system to: control a display to display an image generated based
on a manipulation target image and an image based on a manipulation target region
that is set based on a detection of an object included in acquired image data.
Reference Signs List

100 Image processing apparatus

102 Communication unit

104 Control unit

110 Region setting unit

112 Image processing unit

114 Display control unit
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Claims

An information processing system comprising:

circuitry configured to:

control a display to display an image generated based on a ma-
nipulation target image and an image based on a manipulation target
region that is set based on a detection of an object included in acquired
image data.

The information processing system of claim 1, wherein

the circuitry is configured to control the display to display at least a
portion of the acquired image data that includes the detected object
together with the manipulation target region.

The information processing system of claim 2, wherein

the circuitry is configured to control the display to apply a prede-
termined effect to the at least a portion of the acquired image data that
includes the detected object.

The information processing system of claim 2, wherein

the circuitry is configured to control the display to apply a prede-
termined effect to the detected object included in the at least a portion
of the acquired image data.

The information processing system of claim 1, wherein

the circuitry is configured to detect a hand in the acquired image data,
and set the manipulation target region based on the detection of the
hand.

The information processing system of claim 5, wherein

the circuitry is configured to set the manipulation target region based
on at least one of a size and a position of the hand detected in the image
data.

The information processing system of claim 5, wherein

the circuitry is configured to set, as the manipulation target region, a
region having a size including the detected hand, which is smaller than
a size corresponding to the acquired image data.

The information processing system of claim 1, wherein

the circuitry is configured to detect a face in the acquired image data,
and set the manipulation target region based on the detection of the
face.

The information processing system of claim 8, wherein

the circuitry is configured to set the manipulation target region based
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on at least one of a size and a position of the detected face.

The information processing system of claim 8, wherein

the circuitry is configured to set, as the manipulation target region, a
region having a size including the detected face, which is smaller than a
size corresponding to the acquired image data.

The information processing system of claim 8, wherein

the circuitry is configured to:

identify a user corresponding to the detected face;

acquire information indicating a handedness of the identified user; and
set the manipulation target region based on the handedness of the user.
The information processing system of claim 8, wherein

the circuitry is configured to detect a user's posture from the acquired
image data, and set the manipulation target region based on the
detected posture and a position of the detected face in the acquired
image data.

The information processing system of claim 1, wherein

the circuitry is configured to detect at least one of a movement and
shape of the object in the acquired image data, and set the manipulation
target region based on the detected at least one of the movement and
shape of the object.

The information processing system of claim 1, wherein

the manipulation target image includes a plurality of selectable ma-
nipulation target objects, and the circuitry is configured to detect, as an
input to the manipulation target image, a selection of one of the
plurality of selectable manipulation target objects.

The information processing system of claim 1, wherein

the manipulation target image includes a first area including a first ma-
nipulation target object capable of being manipulated by a detected
input, and a second area including a second manipulation target object
not capable of being manipulated by the detected input.

The information processing system of claim 1, wherein

the circuitry is configured to detect a gesture input based on the
acquired image data.

The information processing system of claim 15, wherein

the circuitry is configured to control the display to display at least a
portion of the acquired image data in the first area and not display any
of the image data in the second area.

The information processing system of claim 15, wherein
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the circuitry is configured to control the display to display at least a
portion of the acquired image data in the first and second areas,
wherein a predetermined effect is applied to the displayed at least a
portion of the acquired image data to differentiate the at least a portion
of the acquired image data displayed in the first area from the at least a
portion of the acquired image data displayed in the second area.

The information processing system of claim 1, wherein

the circuitry is configured to:

detect a second object in the acquired image data;

set a second manipulation target region based on the detection of the
second object from the acquired image data; and

control the display to display notification indicating a change from the
manipulation target region to the second manipulation target region.
The information processing system of claim 19, wherein

the circuitry is configured to control the display to display then noti-
fication by performing a zoom-in and zoom-out on at least a portion of
the acquired image data displayed on the display.

The information processing system of claim 1, wherein

the circuitry is configured to control the display to output a notification
that the detected object is outside or close to an edge of a range for
detecting an input to the manipulation target image based on the
acquired image data.

The information processing system of claim 21, wherein

the circuitry is configured to control the display to output instructions
indicating a direction that the detected object should move to be located
in the range for detecting an input to the manipulation target image.
The information processing system of claim 1, wherein

the circuitry is configured to set the manipulation target region to have
an area covering an entire area of the display.

The information processing system of claim 1, wherein

the circuitry is configured to set the manipulation target region to have
a larger area than the entire area of the display.

The information processing system of claim 1, wherein

the circuitry is configured to detect an input to the manipulation target
image based on the acquired image data.

A method performed by an information processing system, the method
comprising:

controlling a display to display an image generated based on a ma-
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nipulation target image and an image based on a manipulation target
region that is set based on a detection of an object included in acquired
image data.

A non-transitory computer-readable medium including computer-
program instructions, which when executed by an information
processing system, cause the information processing system to:
control a display to display an image generated based on a ma-
nipulation target image and an image based on a manipulation target
region that is set based on a detection of an object included in acquired

image data.
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