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Description
Title of Invention

ELECTRONIC APPARATUS AND PROGRAM

Technical Field
[0001]
The present invention relates to an electronic device and

a program.

Background Art
[0002]

An electronic device is conventionally operated by
information from an external input device (e.g., a mouse), a
touch pad, or a touch panel. That is, an operator of an
electronic device operates the electronic device by moving and
clicking a mouse or by moving a finger on a touch pad or a
touch panel, with which the finger is in contact, so as to carry
out a touch operation.

[0003]

In recent years, electronic devices have been made smaller,
and mobile tablet terminals and smartphones have been used
by many people. A mobile electronic device such as a tablet
terminal or a smartphone can be operated by an operator by
moving a finger or another object or carrying out a touch

operation while bringing the finger or the another object into
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contact with a surface of a touch panel.
[0004]

As an attempt to reduce a burden on an operator, the
following Patent Literature discloses a technique in which a
camera is used to acquire a position of a finger of the right
hand, an operation region is set in the air at or near the
position of the finger so as to correspond to a screen of a mobile
telephone, and by moving the finger in correspondence with a
position of the finger of the operator in the operation region, a
cursor on the screen is moved, or an icon is highlighted and
specified.

Citation List
[Patent Literature]
[0005]
[Patent Literature 1]
Japanese Patent Application Publication Tokukai No.

2013-171529

Summary of Invention

Technical Problem
[0006]

A case where an operator carries out an operation during
operation of an electronic device while bringing a finger or
another object into contact with a surface of a display panel

may cause hygienic concern. Specifically, a contact of a hand
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or a finger with an electronic device may cause a virus attached
to a surface of the electronic device to be attached to the hand
or the finger by the contact of the hand or the finger. This may
consequently cause viral infection.

[0007]

In an operation input device disclosed in the Patent
Literature, cursor movement, for example, can be carried out
in a non-contact manner by movement of the right hand in the
air. However, eventually, the device cannot be operated unless
an enter button is depressed with a finger of the left hand.
[0008]

It is therefore difficult to use the technique disclosed in
the above Patent Literature to prevent infection that is caused
by a virus attached to a surface of an electronic device.

Solution to Problem
[0009]

An electronic device in accordance with an aspect of the
present invention includes: an acquisition section configured
to acquire captured image data of a hand of an operator; a
presumption section configured to presume, in accordance with
the captured image data, skeleton data corresponding to the
hand; and a determination section configured to determine, in
accordance with the skeleton data, a cursor position for
operating the electronic device.

[0010]
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An electronic device in accordance with another aspect of
the present invention includes: an acquisition section
configured to acquire captured image data of a hand of an
operator; a presumption section configured to presume, in
accordance with the captured image data, skeleton data
corresponding to the hand; and an operation section configured
to operate, in accordance with the skeleton data, an application
that is executed by the electronic device.
[0011]

A program in accordance with an aspect of the present
invention causes at least one processor of an electronic device
to carry out: an acquisition process for acquiring captured
image data of a hand of an operator; a presumption process for
presuming, in accordance with the captured image data,
skeleton data corresponding to the hand; and a determination
process for determining, in accordance with the skeleton data,
a cursor position for operating the electronic device.

[0012]

A program in accordance with another aspect of the
present invention causes at least one processor of an electronic
device to carry out: an acquisition process for acquiring
captured image data of a hand of an operator; a presumption
process for presuming, in accordance with the captured image
data, skeleton data corresponding to the hand; and an

operation process for operating, in accordance with the
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skeleton data, an application that is executed by the electronic

device.

Brief Description of Drawings

[0013]

Fig. 1 is a block diagram showing an example of a configuration
of an electronic device in accordance with Embodiment 1.

Fig. 2 is a view illustrating an appearance of a specific example
configuration of the electronic device in Embodiment 1.

Fig. 3 is a flowchart describing an example of a flow of
presumption of skeleton data in Embodiment 1.

Fig. 4 is a view showing an example of image data of a fist.
Fig. 5 shows an example of a view schematically illustrating a
state in which a skeleton is superimposed on image data of a
hand.

Fig. 6 shows an example of a view schematically illustrating a
state in which a skeleton is superimposed on image data of a
hand.

Fig. 7 is a flowchart describing an example of a flow of, for
example, determination of a cursor position in accordance with
the skeleton data in Embodiment 1.

Fig. 8 is an example of a view schematically illustrating a state
in which a skeleton is superimposed on image data of a hand.
Fig. 9 is an example of a view schematically illustrating a state

in which a skeleton is superimposed on image data of a hand.
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Fig. 10 is an example of a view schematically illustrating a state
in which a skeleton is superimposed on image data of a hand.
Fig. 11 is an external view for describing an example of
operation of the electronic device in Embodiment 1.

Fig. 12 is a view showing an example of a change in cursor
shape.

Fig. 13 is an external view for describing an example of
operation of the electronic device in Embodiment 1.

Fig. 14 is a block diagram showing an example of a
configuration of an electronic device in accordance with
Embodiment 2.

Fig. 15 is an external view for describing an example of
operation of an electronic device in Embodiment 3.

Fig. 16 is a block diagram showing an example of a
configuration of an electronic device in accordance with
Embodiment 4.

Fig. 17 is a view illustrating appearances of several specific
example configurations of the electronic device in Embodiment
4.

Fig. 18 is an example of a block diagram of a computer.

Description of Embodiments
[0014]
The following  description  will discuss several

embodiments. An electronic device in accordance with each of
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the embodiments refers to any device to which electronics is
applied. The electronic device is exemplified by but not limited
to a smartphone, a tablet, personal computers (including a
laptop computer and a desktop computer), a smart eyewear,
and a head-mounted display.

[0015]

Embodiment 1

<Example configuration>

The following description will discuss an example
configuration of Embodiment 1 with reference to the drawings.
Fig. 1 is a block diagram showing an example of a configuration
of an electronic device 1 in accordance with Embodiment 1. The
following description will discuss, as an example, a case where
the electronic device 1 is a smartphone. Note, however, that
Embodiment 1 is not limited to this and can be applied to an
electronic device in general. The electronic device 1 may be
constituted by, for example, a control section 2, an image
capturing section 4, a display section 5, a memory 6, and a
storage section 7.

[0016]

In Embodiment 1, the control section 2 may be
constituted by a computing wunit constituted by a
semiconductor device, such as a microcomputer.

[0017]

The image capturing section 4 may have a function of
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acquiring captured image data (including a still image and a
moving image) of a hand of an operator (user). The image
capturing section 4 is assumed to be a camera or a sensor
included in the electronic device 1, but may alternatively be an
external camera or an external sensor. The image capturing
section 4 may be a depth camera capable of not only capturing
an image (e.g., an RGB image) but also measuring a distance
(depth) to an object. The distance can be measured by a
publicly-known technique that is exemplified by a three-
dimensional light detection and ranging (Lidar), and a
triangulation method and a time of flight (TOF) method in each
of which infrared light is used.

[0018]

In an aspect, the image capturing section 4 may be a
stereo camera including two or more image capturing sections.
Captured image data acquired by the image capturing section
4 may include information indicative of the depth. Captured
image data including information indicative of the depth may
also be simply referred to as "captured image data". For
example, captured image data may be an image having, as pixel
values, values indicative of color and brightness (e.g., an RGB
image), and may alternatively be an image having, as a pixel
value, a value indicative of the depth (a depth image).

[0019]

The memory 6 may be constituted by a memory of a
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microcomputer that is integrated with the control section 2.
The memory 6 may be, for example, a RAM or ROM constituted
by an independent semiconductor device that is connected to
the control section 2. The memory 6 may temporarily store
various programs executed by the control section 2 and various
types of data referred to by those programs.

[0020]

The storage section 7 may be constituted by a
semiconductor device memory that is built in the electronic
device 1 and that is a writable memory, such as a RAM or a
flash memory. The storage section 7 may be alternatively
constituted by an external memory that is connected to the
electronic device 1. The storage section 7 may also store a
learning model (described later).

[0021]

The control section 2 may include an acquisition section
3, a presumption section 8, a determination section (detection
section) 9, and an operation section (cursor display section) 10.
The acquisition section 3 may have a function of acquiring
captured image data of the hand of the operator from the
camera 4.

[0022]

The presumption section 8 may have a function of

presuming, in accordance with the captured image data having

been acquired by the acquisition section 3, skeleton data
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corresponding to the hand of the operator. The skeleton data is
herein obtained by expressing, by a set of line segments
(skeleton) serving as a framework of the object, a shape of an
object having a volume. The skeleton data may be obtained by,
for example, expressing each part of the object by a line
segment indicative of an axis of the part or a line segment
indicative of a frame of the part. The skeleton may differ from
an actual framework of the object. For example, a skeleton of
the hand does not necessarily need to extend along the bone of
the hand, and only need to include line segments indicative of
at least (i) a position of each finger and (ii) how each finger is
bent. The skeleton data may alternatively be an aggregate of
points called a skeleton mesh in which several representing
points in the framework are sampled.

[0023]

An algorithm by which the presumption section 8 is to
presume, in accordance with the captured image data having
been acquired by the acquisition section 3, the skeleton data
corresponding to the hand of the operator is not particularly
limited. However, for example, the presumption section 8 may
presume the skeleton data corresponding to the hand of the
operator with use of a learning model obtained through
machine learning in which a set of (i) captured image data of
many hands and (ii) skeleton data of the many hands is used

as training data.
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[0024]

For example, the presumption section 8 may include a
region extraction section 8a and a skeleton data presumption
section 8b.

[0025]

The region extraction section 8a may extract, in
accordance with the captured image data, a region containing
the hand. An algorithm by which the region extraction section
8a is to extract the region containing the hand is not
particularly limited and may be a publicly-known algorithm.
However, for example, by detecting a fist or a palm in the
captured image data, the region extraction section 8a may
extract a region of the captured image data which region
contains the hand. Note that the palm herein refers to a part
of the hand except fingers. For example, the region extraction
section 8a may detect the palm when the operator does not
clench the hand, e.g., when the hand of the operator is open,
and may detect the fist when the operator clenches the hand.
The region extraction section 8a may extract, in accordance
with a position and a range of the detected fist or palm, the
region containing the hand of the operator.

[0026]

The skeleton data presumption section 8b may presume,

from the region having been extracted by the region extraction

section 8a and containing the hand, the skeleton data
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corresponding to the hand. For example, the skeleton data
presumption section 8b may use such a learning model as
described earlier to presume the skeleton data corresponding
to the hand.

[0027]

As described above, by extracting the region containing
the hand and then using the extracted region to presume the
skeleton data, it is possible to improve a processing speed and
a presumption accuracy.

[0028]

The processing speed can be further improved in a case
where the region extraction section 8a extracts, in accordance
with a result of detection of the fist or palm in the captured
image data, the region containing the hand. That is, though the
hand that is in an open state has a complicated shape and a
processing time of a detection process is made longer, the
processing time can be made shorter by detecting only the fist
and the palm each of which has a simple shape.

[0029]

The determination section 9 may have a function of
determining, in accordance with the skeleton data having been
presumed by the presumption section 8, a cursor position for
operating the electronic device 1. That is, the electronic device
1 may be an electronic device that can be operated by an input

with coordinates, and the cursor position may be used to



10

15

20

25

- 13 -
indicate the coordinates of the input. The determination
section 9 may have a function of detecting, in accordance with
the skeleton data having been presumed by the presumption
section 8, an action (gesture) for operating the electronic device
1.

[0030]

The operation section 10 may operate, in accordance with
the cursor position having been determined by the
determination section 9, an application that is executed by the
electronic device 1. The operation section 10 may further
operate, in accordance with the action (gesture) having been
detected by the determination section 9, the application that is
executed by the electronic device 1.

[0031]

<Example appearance>

Fig. 2 is a view illustrating an appearance of a specific
example configuration of the electronic device 1 in Embodiment
1. The image capturing section 4 may be a camera that
photographs a front surface side of the electronic device 1 (in
Fig. 2, a side on which the electronic device 1 is illustrated).
[0032]

The electronic device 1 commonly also has a camera that
photographs a back surface side (in Fig. 2, an opposite side
from the side on which the electronic device 1 is illustrated),

and this camera provided on the back surface side may be
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alternatively used as the image capturing section 4. However,
in a case where the camera provided on the back surface side
is used, the hand of the operator is blocked by the electronic
device 1 and becomes difficult to see directly. Thus, the camera
provided on the back surface side may be used in consideration
of that point.

[0033]

The electronic device 1 may have a display section 5
(display) on the front surface side. An image is displayed in the
display section 5 of the electronic device 1, and the electronic
device 1 may be configured to be capable of being operated by
bringing a finger or another object into contact with the display
section 5. Though not illustrated in Fig. 2, the electronic device
1 may have therein the control section 2, the memory 6, and
the storage section 7.

[0034]

<Presumption of skeleton data>

The following description will discuss a flow of
presumption of the skeleton data in Embodiment 1 with
reference to Figs. 3 to 5. Fig. 3 is a flowchart describing an
example of the flow of presumption of the skeleton data in
Embodiment 1.

[0035]
When the process is started (a step S30), the acquisition

section 3 may acquire the captured image data from the image
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capturing section 4 (a step S31). Next, the region extraction
section 8a may detect the fist or palm in the captured image
data (a step S32). Fig. 4 is a view showing an example of image
data of a fist 40 included in the captured image data detected
by the region extraction section 8a in the step S32. The image
data of the fist 40 which image data is detected by the region
extraction section 8a may vary from person to person. The right
hand or left hand may be selectively indicated depending on a
dominant hand of the operator. Fig. 4 illustrates a case where
the dominant hand of the operator is the right hand. However,
in a case where the dominant hand of the operator is the left
hand, image data of the fist of the left hand may be acquired.
[0036]

An algorithm by which the region extraction section 8a is
to detect the fist or palm is not particularly limited and may be
a publicly-known object recognition algorithm. Note, however,
that the fist or palm may be detected with use of, for example,
a learning model in which a set of (i) image data of the fist or
palm and (ii) a region of the hand corresponding to the fist or
palm is learned as training data.

[0037]

Next, the region extraction section 8a may extract, in
accordance with the fist or palm having been detected in the
captured image data, a region containing the hand

corresponding to the fist or palm (a step S33). For example, in
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a case where the region extraction section 8a detects the fist
or palm in the step S32 with use of the learning model in which
a set of (i) image data of the fist or palm and (ii) a region of the
hand corresponding to the fist or palm is learned as training
data, the region extraction section 8a may extract, as a region
41 containing the hand corresponding to fist or palm, a region
of the hand which region serves as an output of the learning
model. Besides, the region extraction section 8a may
alternatively extract, in accordance with a position of the fist
or palm having been detected in the step S32, the region 41
containing the hand corresponding to the fist or palm.

[0038]

Note here that the fist or palm hardly changes in shape
no matter what shape the hand has (no matter how a finger(s)
is/are moved). Thus, in a case where the region extraction
section 8a extracts, in accordance with the fist or palm, the
region containing the hand, one or more regions of the hand
can be quickly detected. This allows the skeleton data
presumption section 8b to presume the skeleton data.

[0039]

Next, the skeleton data presumption section 8b may
presume the skeleton data from the region having been
extracted by the region extraction section 8a and containing
the hand (a step S34). For example, the skeleton data

presumption section 8b may presume, from the region having
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been extracted by the region extraction section 8a and
containing the hand, the skeleton data corresponding to the
hand of the operator with use of the learning model obtained
through machine learning in which a set of (i) captured image
data of many hands (including hands having various shapes,
such as the fist and the open hand) and (ii) skeleton data of
the many hands is used as training data.

[0040]

In an aspect, the skeleton data presumption section 8b
may use (i) a right-hand recognition learning model obtained
through machine learning in which a set of captured image data
of the right hand and skeleton data of the right hand is used
as training data and (ii) a left-hand recognition learning model
obtained through machine learning in which a set of captured
image data of the left hand and skeleton data of the left hand
is used as training data to recognize, in accordance with from
which of the right-hand recognition learning model and the left-
hand recognition learning model the skeleton data has been
successfully obtained, whether the hand of the operator is the
right hand or the left hand.

[0041]

Fig. 5 shows an example of a view schematically
illustrating a state in which a skeleton 51 that is indicated by
the skeleton data having been determined by the skeleton data

presumption section 8b is superimposed on image data of a
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hand 50 which is the fist. However, the superimposed skeleton
51 is schematically added, and it is only necessary that the
skeleton data be determined in the control section 2. Fig. 6
shows an example of a view schematically illustrating a state
in which a skeleton 61 that is indicated by the skeleton data
having been determined by the skeleton data presumption
section 8b is superimposed on image data of a hand 60 which
is open.

[0042]

In a case where the presumption section 8 thus presumes
the skeleton data, the control section 2 can acquire, from the
hand of the operator, various values. Examples of the various
values include a value(s) of a position(s) of the palm and/or
finger(s) of the operator on a plane and values of three-
dimensional depths of the position(s) of the finger(s) and the
position of the palm. This makes it possible to, for example,
acquire data that is equivalent to data which is acquired in a
case where the operator wears a glove-type sensor on the hand.
This allows the determination section 9 to determine the cursor
position or detect the gesture (action), so that the electronic
device 1 or the application that is executed by the electronic
device 1 can be operated.

[0043]
<Determination of cursor position in accordance with

skeleton data etc.>
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The following description will discuss, with reference to

Figs. 7 to 10, a flow of, for example, determination of the cursor

position in accordance with the skeleton data in Embodiment

1.

[0044]

Fig. 7 is a flowchart describing an example of a flow of,
for example, determination of the cursor position in accordance
with the skeleton data in Embodiment 1. When the process is
started (a step S60), the determination section 9 may determine
the cursor position in accordance with the skeleton data having
been presumed by the presumption section 9 (a step S61).
[0045]

The determination section 9 may calculate a position of a
specific part of the hand of the operator in accordance with the
skeleton data and determine the cursor position so that the
cursor position corresponds to the position. For example, the
determination section 9 may calculate a position of a base of a
specific finger of the hand of the operator and determine the
cursor position so that the cursor position corresponds to the
position of the base of the specific finger. For example, the
determination section 9 may determine, as the cursor position,
a position obtained by adding together (i) a position of the
region having been extracted by the region extraction section
8a and containing the hand, the position being located in the

captured image data, and (ii) a position of a specific part of the
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hand of the operator, the position being calculated in
accordance with the skeleton data and located in the hand as
a whole.

[0046]

Fig. 8 is an example of a view schematically illustrating a
state in which a skeleton is superimposed on image data of a
hand 70 of the operator. In an example, the determination
section 9 may specify, in accordance with skeleton data 73, a
point 72 indicative of a base B of an index finger and determine
the cursor position so that the cursor position corresponds to
a position of the specified point 72.

[0047]

Subsequently, the determination section (detection
section) 9 may detect a gesture (action for operating the
electronic device 1) in accordance with the skeleton data 73
having been presumed by the presumption section 9 (a step
S62). The gesture (action) detected by the determination
section 9 is not particularly limited, and the determination
section 9 may detect various gestures (actions), e.g., gestures
(actions) such as a click action, a swipe action, and a drag-
and-drop action.

[0048]

In an aspect, different gestures may be assigned to

respective forms of a skeleton model. In an aspect, a form of

the skeleton model is represented by (i) a specific parameter
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defined in the skeleton data 73 and (ii) a condition satisfied by
the specific parameter. For example, in a case where the
specific parameter defined in the skeleton data 73 satisfies a
specific condition, the determination section 9 may detect a
gesture corresponding to the specific parameter and the
specific condition.
[0049]

The specific parameter is exemplified by but not limited
to the following:
-arelative distance between a plurality of predetermined points
in the skeleton data 73;
- an angle formed by the plurality of predetermined points in
the skeleton data 73;
- a shape formed by the plurality of predetermined points in the
skeleton data 73; and
- a moving speed of one or more predetermined points in the
skeleton data 73.
[0050]

The specific condition is exemplified by but not limited to
the following:

whether the relative distance is not more than a

predetermined threshold;
- whether the relative distance is within a predetermined range;
-whether the angle is not more than a predetermined threshold;

- whether the angle is within a predetermined range;
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- the shape is a predetermined shape (e.g., whether a shape
formed by five fingers is a "paper" shape or a "rock" shape);

- whether the moving speed is not more than a predetermined
threshold;

- whether the moving speed is within a predetermined range;
and

- whether a state in which any of the above conditions is
satisfied has continued for a period not less than a threshold.
[0051]

The specific condition may be a combination of a plurality
of conditions concerning a parameter. A predetermined point
(described earlier) may be any point in the skeleton data 73,
and may be, for example, any position of any finger, any
position of the palm, or any position of the fist. Note that a
gesture to be assigned may be changed depending on whether
the hand is the right hand or the left hand.

[0052]

In an aspect, the determination section 9 may determine
the gesture with reference to Table 1 as shown below. Table 1
shows an assigned gesture for each combination of a parameter
and a condition. Note that the parameter may be one (1)
parameter or two or more parameters. A single gesture may be
assigned to a plurality of combinations.

[Table 1]

| Parameter | Condition | Gesture




- 23 -

Relative distance
between fingertip A
of index finger and
base B of index
finger

Time of action

The relative
distance became
shorter than or

equal to X and then
became longer than
or equal to Y in less
than a
predetermined time

Click action

Position of fingertip
A of index finger
Relative distance
between fingertip A
of index finger and
base B of index
finger

Time of action

The position was
moved during a
predetermined time
period or longer
after the relative
distance had
become shorter
than or equal to X,
and then the
relative distance
became longer than
or equal to Y

Swipe action

Position of fingertip
A of index finger
Relative  distance
between fingertip A
of index finger and
base B of index
finger

Time of action

A predetermined
time period or
longer was spent,
after the relative
distance had
become shorter
than or equal to X,
to determine a
target object, then

the position was
moved, and the
relative distance

became longer than
or equal to Y at the
final position

Drag-and-drop
action

[0053]

The following description will more specifically discuss a

process
gesture.

[0054]

The determination section 9 may detect the gesture in

accordance with the relative distance between the plurality of

in which the determination section 9 detects the
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predetermined points in the skeleton data 73. For example, in
the hand 70 illustrated in Fig. 8, the determination section 9
may specify, in accordance with the skeleton data 73, not only
the point 72 indicative of the base B of the index finger but
also a point 71 indicative of a fingertip A of the index finger,
and detect the click action in accordance with a positional
relationship between the point 71 and the point 72. Note that
the term "fingertip" does not necessarily mean only a tip part
of a finger and need not be the tip part provided that the
fingertip is a movable part of the finger.

[0055]

For example, in the skeleton data 73, a point
corresponding to a first joint of the index finger may be
regarded as the point 71, and the point indicative of the base
B of the index finger may be regarded as the point 72.
Alternatively, a point corresponding to a tip of the index finger
may be regarded as the point 71, and a point corresponding to
a tip of a thumb may be regarded as the point 72. In the
skeleton data 73, the gesture may be detected in accordance
with a positional relationship among the following three points:
the point corresponding to the tip of the index finger; a point
corresponding to a tip of a middle finger; and the point
corresponding to the tip of the thumb. Every possible point in
the skeleton data 73 thus can be used as a point for use in

detection of the gesture.
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[0056]

In an example, the operator may carry out the click action
by (i) forming a shape of the hand as in a hand 80 illustrated
in Fig. 9, then (ii) forming a shape of the hand as in a hand 90
illustrated in Fig. 10, and (iii) restoring again the shape of the
hand of (ii) to the shape of the hand of (i) as in the hand 80
illustrated in Fig. 9.

[0057]

In this case, for the hand 80, the determination section 9
may specify, in accordance with skeleton data 83, a point 81
indicative of the fingertip A of the index finger and a point 82
indicative of the base B of the index finger. For the hand 90,
the determination section 9 may specify, in accordance with
skeleton data 93, a point 91 indicative of the fingertip A of the
index finger and a point 92 indicative of the base B of the index
finger.

[0058]

Meanwhile, since a root 82 of the index finger, the root 82
having been set in a step S63, is covered with the thumb, the
root 82 need not be recognizable from an image of the hand of
the operator. Note, however, that the root 82 of the index finger,
the root 82 being covered with the thumb, may be recognizable
because a skeleton and/or a virtual globe model are/is
recognized as information on the hand 80 of the operator by

recognition of the hand of the operator as illustrated in Fig. 3.
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A position A of a fingertip 81 of the index finger in Fig. 8, the
fingertip 81 having been set in the step S62, and a position B
of the root 82 of the index finger, the root 82 having been set
in the step S63, may be positionally apart from each other as
in a state where the hand 80 of the operator is opened.

[0059]

The above description has explained that the fingertip 81
of the index finger, the fingertip 81 having been set in the step
S62, can be recognized from an image of the hand of the
operator, the image having been acquired from the camera 4,
and that the root 82 of the index finger, the root 82 having been
set in the step S63, need not be recognizable from an image of
the hand of the operator, the image having been acquired from
the camera 4. Note, however, that both (a) the fingertip 81 of
the index finger, the fingertip 81 having been set in the step
S62, and (b) the root 82 of the index finger, the root 82 having
been set in the step S63, may be unrecognizable from an image
of the hand of the operator, the image having been acquired
from the camera 4. This may be because the skeleton and/or
the virtual globe model are/is recognized as the information on
the hand 80 of the operator as described earlier by recognition
of the hand of the operator as illustrated in Fig. 3.

[0060]
The determination section 9 which (i) detects that a

distance between the point 91 and the point 92 in the hand 90
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has become narrower than a distance between the point 81 and
the point 82 in the hand 80 and then (ii) detects that the
distance between the point 91 and the point 92 in the hand 90
has been widened to the distance between the point 81 and the
point 82 in the hand 80 may determine that the click action
has been carried out.

[0061]

Note that a hand movement to which the click action is
assigned is not particularly limited, and the click action can be
assigned to any motion that can be carried out by one hand.
For example, the determination section 9 which detects that
the index finger and the middle finger, both of which were in a
stretched state, have been brought into contact and separated
may determine that the click action has been carried out. The
determination section 9 may determine, in accordance with, for
example, whether points at a tip, a base, and each joint of each
of the index finger and the middle finger are arranged in a
straight line, whether the index finger and the middle finger
are in a stretched state. Fingers to be subjected to the
determination are not limited to the index finger and the middle
finger.

[0062]

The determination section 9 thus can detect the gesture

in accordance with a positional relationship between a point at

a fingertip of a specific finger and a point at a base of the
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specific finger. Specifically, for example, the determination
section 9 can detect the click action in accordance with a
positional relationship between a point at the fingertip of the
index finger and a point at the base of the index finger.
According to this, since a finger base part that serves as a
supporting point of motion less moves, the present invention
in accordance with an embodiment makes it easy to detect the
gesture. That is, the present invention in accordance with an
embodiment makes it possible to improve stability of operation.
[0063]

For example, by causing the shape of the hand to indicate
a start of the gesture, moving the hand, and then causing the
shape of the hand to indicate an end of the gesture, the
operator can carry out the gesture that specifies a movement,
such as the swipe action or the drag-and-drop action. For
example, the operator may carry out the swipe action by (i)
forming the shape of the hand as in the hand 80 illustrated in
Fig. 9, then (ii) forming the shape of the hand as in the hand
90 illustrated in Fig. 10, (iii) moving the fingertip, and
thereafter (iv) restoring again the shape of the hand of (ii) to
the shape of the hand of (i) as in the hand 80 illustrated in Fig.
9.
[0064]

In this case, the determination section 9 which (i) detects

that the distance between the point 91 and the point 92 in the
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hand 90 has become narrower than the distance between the
point 81 and the point 82 in the hand 80, then (ii) detects that
the point 91 has been moved, and thereafter (iii) detects that
the distance between the point 91 and the point 92 in the hand
90 has been widened to the distance between the point 81 and
the point 82 in the hand 80 may determine that the swipe
action has been carried out.

[0065]

Note that the hand 90 of the operator in Fig. 10 has a very
complicated hand shape because fingers except the index finger
are in a clenched (bent) state and the fingers are in the bent
state with the index finger superimposed thereon. In particular,
the base of the index finger is hidden by the other fingers. For
such a hand 90 of the operator, the determination section 9
can also detect, in accordance with the skeleton data, each
point including the base of the index finger.

[0066]

<Operation of electronic device or application>

Fig. 11 is an external view for describing an example of
operation of the electronic device 1. The electronic device 1 may
be specifically a smartphone. The electronic device 1 may
include a camera 104 and a display section 105.

[0067]
For example, the acquisition section 3 may set a monitor

region 106 in the display section 105 and cause the monitor
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region 106 to display a captured image captured by the camera
104. The monitor region 106 displays the operator's hand
whose image is captured by the camera 104. Note, however,
that in order not to hide a screen to be operated, the image may
be displayed at, for example, an upper left corner on the screen.
Note also that the monitor region 106 need not be provided.
[0068]

For example, the operation section (cursor display
section) 10 may display a cursor 107 at a position in the display
section (display screen) 105, the position corresponding to the
cursor position having been determined by the determination
section 9. That is, the cursor 107 may move up and down and
left and right in accordance with a hand movement of the
operator in a range whose image is captured by the camera 104.
[0069]

For example, the operation section 10 may cause an icon
region 108 of the display section 105 to display an icon for
executing an application that can be executed by the electronic
device 1. In a case where the determination section 9 detects
the click action while the cursor 107 is superimposed on the
icon in the icon region 108, the operation section 10 may
execute an application corresponding to the icon.

[0070]
Furthermore, during the execution of the application, in

a case where the determination section 9 moves the cursor
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position and in a case where the determination section 9
detects the action, the operation section 10 may operate the
application in accordance with the movement of the cursor
position and the detected action.

[0071]

A shape and a color of the cursor 107 that is displayed in
the display section 105 by the operation section 10 are not
particularly limited. However, in an example, the operation
section 10 may display the cursor 107 in a display manner
corresponding to the action having been detected by the
determination section 9. For example, the operation section 10
may change the color of the determination section 107 as
follows: the operation section 10 displays the cursor 107 in
blue in a case where the determination section 9 does not
detect any action; the operation section 10 displays the cursor
107 in green in a case where the determination section 9
detects the click action and the swipe action; and the operation
section 10 displays the cursor 107 in red in a case where the
determination section 9 detects the drag-and-drop action.
[0072]

The operation section 10 may change the shape of the
cursor in accordance with the action having been detected by
the determination section 9. Fig. 12 is a view showing an
example of a change in cursor shape. For example, the

operation section 10 may change the shape of the cursor as
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follows: the operation section 10 displays a cursor 107a in a
case where the determination section 9 does not detect any
action; the operation section 10 displays an animation such as
a cursor 107b in a case where the determination section 9
detects the click action; and the operation section 10 displays
a cursor 107c in a case where the determination section 9
detects the swipe action.

[0073]

The display section 105 may be partially a system region
(specific region) 109. The system region 109 is a region in which
Uls (e.g., a home button, a backward button, and an option
button) for system operation are displayed and whose display
cannot be changed by the operation section 10.

[0074]

Fig. 13 is an external view showing an example of the
display section 105 in a case where the cursor position having
been determined by the determination section 9 is in the
system region 109. As described earlier, in a case where the
cursor position having been determined by the determination
section 9 is in the system region 109, the operation section 10
cannot display the cursor position in the system region 109. In
this case, for example, the operation section 10 may display a
cursor 107d outside the system region 109 in a display manner
different from the display manner in which the cursor 107 that

is displayed in a case where the cursor position is outside the



10

15

20

25

- 33 -
system region 109 is displayed. The cursor 107d may differ
from the cursor 107 in shape and/or in color. In a case where
the determination section 9 detects the click action in this
state, the operation section 10 may carry out a process that is
carried out in a case where the click action is carried out at
the cursor position in the system region 109. This also enables
successful operation of the Uls for system operation.

[00735]

As has been discussed above, by moving the hand and/or
performing a gesture by the hand in an image capture range of
the camera 104 of the electronic device 1, the operator can
operate the electronic device 1 as in the case of a pointing
device without any contact with the electronic device 1.

[0076]

Embodiment 2

<Example configuration>

The following description will discuss an example
configuration of Embodiment 2 with reference to the drawings.
A configuration of an electronic device in accordance with
Embodiment 2 is identical to the configuration of Embodiment
1 shown in Fig. 1, unless otherwise described, and a
description thereof will therefore be omitted by referring to the
description of Embodiment 1.

[0077]

Fig. 14 is a block diagram showing an example of a
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configuration of an electronic device 1 in accordance with
Embodiment 2. Embodiment 2 differs from Embodiment 1 in
that an operation section 10 includes a determination section
9. That is, in Embodiment 2, the operation section 10 may
operate, in accordance with skeleton data 73 having been
presumed by a presumption section 8, an application that is
executed by the electronic device 1.
[0078]

Note that the determination section 9 does not necessarily
need to determine a cursor position, and may detect only a
gesture in accordance with the skeleton data 73. The operation
section 10 and the determination section 9 may operate the
application in accordance with the gesture. This makes it
possible to operate an application whose operation does not
require the cursor position.
[0079]

Embodiment 3

<Example configuration>

The following description will discuss an example
configuration of Embodiment 3 with reference to the drawings.
A configuration of an electronic device in accordance with
Embodiment 3 is identical to the configuration of Embodiment
1 shown in Fig. 1, unless otherwise described, and a
description thereof will therefore be omitted by referring to the

description of Embodiment 1.
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[0080]

Fig. 15 is an external view of an electronic device 141 for
describing operation of an electronic device by a gesture
performed by both hands. The following description will discuss,
as an example, a case where the electronic device 141 is a
tablet terminal. Note, however, that Embodiment 3 is not
limited to this and can be applied to an electronic device in
general. The electronic device 141 may include a camera 144
and a display section 145. The display section 145 may be
provided with a monitor region 146 and an icon region 149. An
operation section 10 may cause the display section 145 to
display a cursor 147.

[0081]

In this case, a determination section 9 may detect a
gesture (action) performed by both hands of an operator. For
example, the determination section 9 may detect a first special
action in a case where the operator makes an L-shape by an
index finger and a thumb of each hand and makes a rectangle
by combining tips of the respective index fingers of both hands
and tips of the respective thumbs of the both hands. In a case
where the determination section 9 detects the first special
action, the operation section 10 may change a shape of the
cursor to a rectangular cursor 147A and cause a display section
105 to display a property of an item that is placed and

displayed below the cursor 147A.
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[0082]

For example, the determination section 9 may also detect
a second special action in a case where the operator makes an
X-mark by stretching index fingers of both hands straight and
crossing the index fingers in their respective central parts. In
a case where the determination section 9 detects the second
special action, the operation section 10 may change the shape
of the cursor to a cursor 147B of the X-mark and move, to a
recycle bin, an item that is placed and displayed below the
cursor 147B.
[0083]

The determination section 9 may alternatively detect all
of (i) a gesture performed by the left hand of the operator, (ii)
a gesture performed by the right hand of the operator, and (iii)
a gesture performed by both hands of the operator. This makes
it possible to use all gestures that can be made by human
hands to operate the electronic device 141. By extracting, in
accordance with a fist or palm having been detected in captured
image data, a region containing a hand corresponding to the
fist or palm, a region extraction section 8a can simultaneously
detect a plurality of regions each containing the hand.
[0084]

As has been discussed above, by moving the hand and/or
performing a gesture by the hand in an image capture range of

a camera 104 of the electronic device 141, the operator can
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operate the electronic device 141 without any contact with the
electronic device 141.

[0085]

Embodiment 4

<Example configuration>

The following description will discuss an example
configuration of Embodiment 4 with reference to the drawings.
A configuration of an electronic device in accordance with
Embodiment 4 is identical to the configuration of Embodiment
1 shown in Fig. 1, unless otherwise described, and a
description thereof will therefore be omitted by referring to the
description of Embodiment 1.

[0086]

Fig. 16 is a block diagram showing an example of a
configuration of an electronic device 1000 in accordance with
Embodiment 4. The electronic device 1000 includes no image
capturing section 4 and no display section 5, and is connected
to an external image capturing section 4 and a display section
S. The electronic device thus does not necessarily need to
include an image capturing section 4 and a display section 5,
and may be configured such that at least one of the image
capturing section 4 and the display section 5 is externally
present.

[0087]

The embodiments each can be applied to various
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electronic devices. Fig. 17 is a view illustrating appearances of
several specific example configurations of the electronic device
of Embodiment 4. An electronic device la is a laptop computer
and may include a camera (image capturing section 4) and a
display (display section 5). An electronic device 1b is a smart
eyewear and may include the camera (image capturing section
4) and the display or a retina projection section (display section
S5). An external head mount display (display section 5) and the
camera (image capturing section 4) may be connected in a
wireless or wired manner to an electronic device 1000a.

[0088]

[Variation]

In recognizing a hand, in order to recognize the hand with
higher accuracy, it is possible to register a target object as an
exclusion target in a recognition algorithm in advance, the
target object being a target object whose image has been
captured by a camera and that is not related to the hand, e.g.,
a target object that is different from the hand, such as a human
face and/or clothes, and that relatively easily appears
unexpectedly in a photograph.

[0089]

In addition, in recognizing the hand, a position of the
hand whose image is to be captured is not particularly
mentioned. However, the hand that is located too close to the

camera will extend off its captured image. In contrast, the hand
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that is located too far from the camera causes its captured
image to be small. This results in a reduction in accuracy with
which to recognize the hand. Thus, by setting, with respect to
the camera, a range of a position of the hand whose image is to
be captured, it is possible to recognize the hand with higher
accuracy.

[0090]

The above description has explained that operation of an
electronic device by a hand gesture may be carried out first in
a mode in which a hand of an operator is recognized. In order
to make it easier to understand whether the electronic device
supports the mode in which the hand of the operator is thus
recognized, it is possible to display an icon at, for example, a
lower right of a display section of the electronic device. The
icon may have a shape that is exemplified by but not limited to
a human shape.

[0091]

In operation of the electronic device by a hand gesture,
motions that are a cursor movement and a click have been
taken up as examples of Embodiment 1. However, a "long tap"
function is frequently set in many smartphone models. Thus,
by adding a gesture corresponding to the long tap, the long tap
function can also be supported by a gesture.

[0092]

[Software Implementation Example]
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Part or all of functions of the electronic devices 1, 141,
and 1000 may be realized by hardware of an integrated circuit
(IC chip) or the like or may be alternatively realized by software.
[0093]

In the latter case, the electronic devices 1, 141, and 1000
may be realized by, for example, a computer that executes
instructions of a program that is software realizing the
foregoing functions. Fig. 15 is an example of a block diagram
of a computer. A computer 150 may include a central
processing unit (CPU) 151 and a memory 152. A program 153
for causing the computer 150 to operate as the electronic
devices 1, 141, and 1000 may be stored in the memory 152.
Functions of the electronic devices 1, 21, 101, and 141 may be
realized by the CPU 151 reading the program 153 from the
memory 152 and executing the program 153.

[0094]

The CPU 151 may be a graphic processing unit (GPU), a
digital signal processor (DSP), a micro processing unit (MPU),
a floating point number processing unit (FPU), a physics
processing unit (PPU), or a microcontroller. Examples of the
memory 152 include a random access memory (RAM), a read
only memory (ROM), a flash memory, a hard disk drive (HHD),
a solid state drive (SSD), and a combination thereof.

[0095]

The computer 150 may further include a communication
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interface for transmitting and receiving data with other
device(s). The computer 150 may further include an
input/output interface for connecting input/output devices
such as a keyboard, a mouse, a display, and a printer.

[0096]

The program 153 may be stored in a non-transitory
tangible storage medium 154 that can be read by the computer
150. Examples of the storage medium 154 include a tape, a
disk, a card, a semiconductor memory, and a programmable
logic circuit. The computer 150 may read the program 153 from
the storage medium 154. The computer 150 may read the
program 153 via a transmission medium. Examples of the
transmission medium include a communication network and a
broadcast wave. Part or all of functions of the electronic devices
1, 141, and 1000 may be realized by hardware of an integrated
circuit (IC chip) or the like or may be alternatively realized by
software.

[0097]

According to the electronic devices having the
configurations described earlier, it is possible to operate an
electronic device without any contact with the electronic device.
This makes it possible to reduce the possibility of viral
infection. This makes it possible to achieve "GOOD HEALTH
AND WELL-BEING", which is Goal 3 of Sustainable

Development Goals (SDGs).
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[0098]

[Additional remarks]

The invention disclosed herein may also be partially
described as in the additional notes below, but is not limited
to the following.

[0099]

(Additional note 1)

An electronic device including:

an acquisition section configured to acquire captured
image data of a hand of an operator;

a presumption section configured to presume, in
accordance with the captured image data, skeleton data
corresponding to the hand; and

a determination section configured to determine, in
accordance with the skeleton data, a cursor position for
operating the electronic device.

[0100]

(Additional note 2)

An electronic device including:

an acquisition section configured to acquire captured
image data of a hand of an operator;

a presumption section configured to presume, in
accordance with the captured image data, skeleton data
corresponding to the hand; and

an operation section configured to operate, in accordance
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with the skeleton data, an application that is executed by the
electronic device.

[0101]

(Additional note 3)

A program for causing at least one processor of an
electronic device to carry out:

an acquisition process for acquiring captured image data
of a hand of an operator;

a presumption process for presuming, in accordance with
the captured image data, skeleton data corresponding to the
hand; and

a determination process for determining, in accordance
with the skeleton data, a cursor position for operating the
electronic device.

[0102]

(Additional note 4)

A program for causing at least one processor of an
electronic device to carry out:

an acquisition process for acquiring captured image data
of a hand of an operator;

a presumption process for presuming, in accordance with
the captured image data, skeleton data corresponding to the
hand; and

an operation process for operating, in accordance with the

skeleton data, an application that is executed by the electronic
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device.
[0103]

The present invention is not limited to the embodiments,
but can be altered by a skilled person in the art within the
scope of the claims. The present invention also encompasses,
in its technical scope, any embodiment derived by combining
technical means disclosed in differing embodiments. It is
possible to form a new technical feature by combining the

technical means disclosed in the respective embodiments.

Reference Signs List
[0104]

1, 141, 1000 Electronic device

2 Control section
3 Acquisition section
4 Image capturing section

S5, 145 Display section

6 Memory

7 Storage section

8 Presumption section

8a Region extraction section

8b  Skeleton data presumption section
9 Determination section

10 Operation section

40 Fist
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Region containing hand

50, 60, 70, 80, 90 Hand

51, 61, 73, 83, 93 Skeleton

71, 81, 91 Point at fingertip

72, 82, 92 Point at base of finger

106,
107,

108,

109

150

151

152

153

154

146 Monitor region

107a, 107b, 107c, 107d, 147, 147A, 147B Cursor

149 Icon region
System region
Computer

CPU

Memory
Program

Storage medium
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Claims

Claim 1

An electronic device comprising:

an acquisition section configured to acquire captured
image data of a hand of an operator;

a presumption section configured to presume, in
accordance with the captured image data, skeleton data
corresponding to the hand; and

a determination section configured to determine, in
accordance with the skeleton data, a cursor position for

operating the electronic device.

Claim 2
The electronic device as set forth in claim 1, wherein
the presumption section includes:

a region extraction section configured to detect a fist
or a palm in the captured image data so as to extract a region
containing the hand; and

a skeleton data presumption section configured to

presume the skeleton data from the region containing the hand.

Claim 3
The electronic device as set forth in claim 1 or 2, wherein
the determination section determines the cursor position in

accordance with a position of a specific part of the hand, the
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position being indicated by the skeleton data.

Claim 4

An electronic device as set forth in any one of claims 1 to
3, further comprising a detection section configured to detect,
in accordance with the skeleton data, an action for operating

the electronic device.

Claim 5

The electronic device as set forth in claim 4, wherein the
detection section detects a click action in accordance with a
positional relationship between a tip of a finger and a base of
the finger, the positional relationship being indicated by the

skeleton data.

Claim 6

An electronic device as set forth in claim 4 or 5, further
comprising a cursor display section provided on a display
screen of the electronic device and configured to display a
cursor in accordance with the cursor position having been

determined by the determination section.

Claim 7
The electronic device as set forth in claim 6, wherein the

cursor display section displays the cursor in a display manner
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corresponding to the action having been detected by the

detection section.

Claim 8

The electronic device as set forth in claim 6 or 7, wherein

the display screen contains a specific region, and

in a case where the cursor position having been
determined by the determination section is in the specific
region, the cursor display section displays the cursor outside
the specific region in a display manner different from a display
manner in a case where the cursor position is outside the

specific region.

Claim 9

An electronic device comprising:

an acquisition section configured to acquire captured
image data of a hand of an operator;

a presumption section configured to presume, in
accordance with the captured image data, skeleton data
corresponding to the hand; and

an operation section configured to operate, in accordance
with the skeleton data, an application that is executed by the

electronic device.
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Claim 10

A program for causing at least one processor of an
electronic device to carry out:

an acquisition process for acquiring captured image data
of a hand of an operator;

a presumption process for presuming, in accordance with
the captured image data, skeleton data corresponding to the
hand; and

a determination process for determining, in accordance
with the skeleton data, a cursor position for operating the

electronic device.

Claim 11

A program for causing at least one processor of an
electronic device to carry out:

an acquisition process for acquiring captured image data
of a hand of an operator;

a presumption process for presuming, in accordance with
the captured image data, skeleton data corresponding to the
hand; and

an operation process for operating, in accordance with the
skeleton data, an application that is executed by the electronic

device.



