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(57) Abstract: An eclectronic apparatus 1S provided. The electronic apparatus includes a display, a camera configured to capture a rear
of the electromc apparatus facing a front of the electronic apparatus 1n which the display displays an image, and a processor configured
to render a virtual object based on the i1mage captured by the camera, based on a user body being detected from the captured 1mage,
estimate a plurality of joint coordinates with respect to the detected user body using a pre-trained learmng model, generate an augmented
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display to display the generated augmented reality image, wherein the processor 1s configured to identily whether the user body touches
the virtual object based on the plurality of estimated joint coordinates, and change a transmittance of the virtual object based on the
touch being identified.
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Description

Title of Invention: ELECTRONIC APPARATUS AND METHOD
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FOR CONTROLLING THEREOF
Technical Field

The disclosure relates to an electronic apparatus and method for controlling thereof.
More particularly, the disclosure relates to an electronic apparatus that renders a virtual
object on an 1image captured by a camera, and displays an AR 1image using the rendered

virtual image and the captured image, and a method for controlling thereof.

Background Art
Augmented reality (AR) technology 1s a technology that superimposes a 3D virtual

image on a real image or background and displays it as a single image. The AR
technology 1s being used in various ways 1n everyday life, such as not only video
games but also smartphones, a head-up display (HUD) on windshield of vehicle, or the
like.

However, in the case of the AR technology, an image 1s output by superimposing a
virtual object on an 1mage received by a camera, but there has been a problem in that
even when a user's hand 1s closer to the camera than a virtual object, the virtual object
1s formed on the user's hand so that the user hand is seen to be farther away from the
camera than the virtual object.

In addition, the AR technology has a problem in that a plurality of cameras must
capture a user and a space from various viewpoints for interaction between the user
and a virtual object. Also, a high-performance equipment was required to process an
image captured by the plurality of cameras in real time.

The above information 1s presented as background information only to assist with an
understanding of the disclosure. No determination has been made, and no assertion 1s
made, as to whether any of the above might be applicable as prior art with regard to the

disclosure.

Disclosure of Invention

Technical Problem

Aspects of the disclosure are to address at least the above-mentioned problems and/or
advantages and to provide at least the advantages described below. Accordingly,
aspects of the disclosure 1s to provide an electronic apparatus configured to render a
virtual object on an 1mage captured by one camera, and display an augmented reality
image by using the rendered virtual object and the captured image, and a method of

controlling thereof.

Solution to Problem
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Additional aspects will be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be learned by practice of the
presented embodiments.

In accordance with an aspect of the disclosure, an electronic apparatus 1s provided.
The apparatus includes a display, a camera configured to capture a rear of the
electronic apparatus facing a front of the electronic apparatus in which the display
displays an image, and a processor configured to render a virtual object based on the
image captured by the camera, based on a user body being detected from the captured
image, estimate a plurality of joint coordinates with respect to the detected user body
using a pre-trained learning model, generate an augmented reality image using the
estimated plurality of joint coordinates, the rendered virtual object, and the captured
image, and control the display to display the generated augmented reality image,
wherein the processor 1s configured to identify whether the user body touches the
virtual object based on the estimated plurality of joint coordinates, and change a trans-
mittance of the virtual object based on the touch being identified.

The processor may be configured to estimate a plurality of joint coordinates corre-
sponding to a finger joint and a palm using the pre-trained learning model based on the
detected user body being 1dentified to be a hand.

The processor may be configured to render a virtual hand object and the virtual
object based on the estimated plurality of joint coordinates.

The processor may be configured to change a transmittance of one area of the virtual
object corresponding to the touch.

The processor may be configured to change a transmittance of the user body and
transparently display the user body based on the touch being identified.

The processor may be configured to receive depth data of the captured image from
the camera, and generate the augmented reality image using the received depth data.

The pre-trained learning model may be configured to be trained through a plurality of
learning data including hand images by using a convolutional neural network (CNN).

The plurality of learning data may be configured to include a first data in which a 3D
coordinate 1s matched to at least one area of the hand image, and a second data in
which the 3D coordinate 1s not matched to the hand 1image, and the pre-trained learning
model 1s configured be trained by updating a weight value of the CNN based on the
first data and the second data.

In accordance with another aspect of the disclosure, a method of controlling an
electronic apparatus 1s provided. The method includes capturing a rear of the electronic
apparatus facing a front of the electronic apparatus in which a display displays an
image, rendering a virtual object based on a captured 1mage, based on a user body

being detected from the captured image, estimating a plurality of joint coordinates with



WO 2021/112406

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

23]

PCT/KR2020/014721

respect to the detected user body using a pre-trained learning model, generating an
augmented reality image using the estimated plurality of joint coordinates, the rendered
virtual object, and the captured 1mage, displaying the generated augmented reality
image, identifying whether the user body touches the virtual object based on the
estimated plurality of joint coordinates, and changing a transmittance of the virtual

object based on the touch being identified.
The estimating may include estimating a plurality of joint coordinates corresponding

to a finger joint and a palm using the pre-trained learning model based on the detected
user body being identified to be a hand.

The rendering may include rendering a virtual hand object and the virtual object
based on the estimated plurality of joint coordinates.

The changing may include changing a transmittance of one area of the virtual object
corresponding to the touch.

The method may further include changing a transmittance of the user body and trans-
parently displaying the user body based on the touch being 1dentified.

The generating may include receiving depth data of the captured image from the
camera, and generating the augmented reality image using the received depth data.

The pre-trained learning model may be configured to be trained through a plurality of
learning data including hand images by using a convolutional neural network (CNN).

The plurality of learning data may be configured to include a first data in which a 3D
coordinate 1s matched to at least one area of the hand 1image, and a second data 1n
which the 3D coordinate 1s not matched to the hand image, and wherein the pre-trained
learning model 1s configured be trained by updating a weight value of the CNN based
on the first data and the second data.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled 1n the art from the following detailed description, which, taken in con-

junction with the annexed drawings, discloses various embodiments of the disclosure.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
disclosure will be more apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 1s a view 1llustrating an operation of an electronic apparatus according to an
embodiment of the disclosure;

FIG. 2 1s a block diagram 1llustrating a configuration of an electronic apparatus
according to an embodiment of the disclosure;

FIG. 3 1s a block diagram 1llustrating a detailed configuration of an electronic

apparatus according to an embodiment of the disclosure;
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FIG. 4A 1s a view 1llustrating estimating process of a plurality of joint coordinates

according to an embodiment of the disclosure;
FIG 4B 1s a view 1llustrating estimating process of a plurality of joint coordinates

according to an embodiment of the disclosure;

FIG. 5 1s a view 1llustrating an AR 1mage displayed by an electronic apparatus
according to an embodiment of the disclosure;

FIG. 6 1s a view 1llustrating a process of rendering a virtual hand object on a user
body according to an embodiment of the disclosure;

FIG. 7 1s a view 1llustrating an event corresponding to an object touch according to
an embodiment of the disclosure;

FIG. 8 1s a view 1llustrating an object touch according to an embodiment of the
disclosure; and

FIG. 9 1s a flowchart 1llustrating a method of controlling an electronic apparatus
according to an embodiment of the disclosure.

The same reference numerals are used to represent the same elements throughout the

drawings.

Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the disclosure as
defined by the claims and their equivalents. It includes various specitic details to assist
in that understanding but these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill in the art will recognize that various changes and modifications
of the various embodiments described herein can be made without departing from the
scope and spirit of the disclosure. In addition, descriptions of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used 1n the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the disclosure. Accordingly, it should be apparent to those
skilled 1n the art that the following description of various embodiments of the
disclosure 1s provided for illustration purpose only and not for the purpose of limiting
the disclosure as defined by the appended claims and their equivalents.

3% <6

It 1s to be understood that the singular forms ““a,” “an,” and “‘the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
“a component surface” includes reference to one or more of such surfaces.

The terms “have™, “may have”, “include”, and “may include™ used 1n the em-
bodiments of the disclosure indicate the presence of corresponding features (for

example, elements such as numerical values, functions, operations, or parts), and do
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not preclude the presence of additional features.

[41] In addition, the disclosure describes components necessary for disclosure of each em-
bodiment of the disclosure, and thus 1s not limited thereto. Accordingly, some
components may be changed or omitted, and other components may be added. In

addition, they may be distributed and arranged 1n different independent devices.

[42] Hereinafter, the disclosure will be described 1n more detail with reference to the
drawings.
[43] FIG. 1 1s a view 1llustrating an operation of an electronic apparatus according to an

embodiment of the disclosure.

[44] Referring to FIG. 1, a user wears an electronic apparatus 100 and the user interacts
with a virtual object 1 using an Augmented reality (AR) image 11 displayed on the
electronic apparatus 100.

[435] The electronic apparatus 100 1s a device including a camera and a display. As shown
in FIG. 1, the electronic apparatus 100 may be implemented in a form of wearable
augmented reality (AR) glasses that can be worn by a user. Alternatively, as an em-
bodiment, it may be implemented as at least one of a display apparatus, a smartphone,
a laptop PC, a laptop computer, a desktop PC, a server, a camera device, and a
wearable device including a communication function.

[46] The electronic apparatus 100 may provide the AR 1image 11 to the user using a
display, and the electronic apparatus 100 may capture a rear of the electronic apparatus
100 facing a front of the electronic apparatus 100 in which the display displays an
image by using a camera to move the user’s hand 15, thereby interacting the virtual
object 1 with the user body 10.

[47] The AR 1mage 11 1s an image provided by the electronic apparatus 100 through a
display, and may display the user body 10 and the virtual object 1. In addition, the
camera included in the electronic apparatus 100 captures a space where the user exists,
and the AR 1mage 11 may provide an object and a surrounding environment that are
actually exist to the user through the captured image.

48] A display 1s disposed on the front of the electronic apparatus 100 to provide the AR
image 11 to the user, and a camera 1s disposed on the rear of the electronic apparatus
100 to capture the user's surroundings and the user body. According to an embodiment
of the disclosure, since the electronic apparatus 100 captures the user's surroundings
and the user body depending on a direction of the user's gaze, that 1s, a first person per-
spective, and provides an image generated based on the perspective, the electronic
apparatus 100 may provide a realistic AR 1mage.

[49] According to an embodiment of the disclosure, the electronic apparatus 100 may
include a camera. The electronic apparatus 100 may guarantee real-time performance

of image processing and may not require a high-performance device by using a single
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camera. The electronic apparatus 100 may estimate 3D coordinates of the user body by
using a pre-trained learning model even when only a portion of the user body (e.g.,
hand) 1s captured. In addition, the electronic apparatus 100 may estimate an exact
location and motion of the user body despite using a single camera, and based on this,
may provide a service capable of interacting with a virtual object to the user.

FIG. 2 1s a block diagram 1llustrating a configuration of an electronic apparatus
according to an embodiment of the disclosure.

Referring to FIG. 2, the electronic apparatus 100 may include a camera 110, a
display 120, and a processor 130.

The camera 110 may capture the rear of the electronic apparatus facing the front of
the electronic apparatus 100 in which the display 120 displays an image (S210). The
camera 110 may capture a space where the user exists and the user body. The camera
110 may be disposed on the rear or side of the electronic apparatus 100 to capture the
rear of the electronic apparatus 100. The camera 110 1s disposed on the rear or side of
the electronic apparatus 100, but the electronic apparatus 100 may be implemented as a
wearable glass AR device or a smartphone, etc. as illustrated in FIG. 1. Thus, the
camera 110 may capture an image with a variable direction depending on the user’s
movement and the user’s gaze.

In addition, the electronic apparatus 100 may be connected to the processor 130 1n a
wired or wireless communication method. The image captured by the camera 110 may
be provided to the user 1n real time after a series of processing by the processor 130. In
addition, the 1mage captured by the camera 110 may be used as a basis for generating
an AR 1mage by the processor 130 described below. The image captured by the camera
110 may be an RGB image including RGB data. Alternatively, according to another
embodiment of the disclosure, the camera 110 may be a 3D camera capable of
acquiring depth data. The processor 130 may acquire the depth data from the image
captured by the camera 110, and use the acquired depth data as a basis for generating
an AR 1mage.

The display 120 may be disposed in front of the electronic apparatus 100. In addition,
the display 120 may be connected to the processor 130 by wired or wireless, and the
display 120 may display various information under the control of the processor 130. In
particular, the display 120 may display an AR 1mage generated by the processor 130
(S250). Since the display 120 displays the AR 1image generated based on the image
captured by the camera 110 disposed on the rear of the electronic apparatus 100, the
AR 1mage displayed by the display 120 may be a first person perspective image.

In addition, the display 120 may be implemented in a form of a general display such
as a Liquid Crystal Display (LCD), a Light Emitting Diode (LED), an Organic Light
Emitting Diode (OLED), a Quantum dot Light Emitting Diode (QLED), etc., and
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according to another embodiment, the display 120 may also be implemented as a
transparent display. Specifically, the display 120 1s made of a transparent material, and
light outside the electronic apparatus 100 may penetrate the display 120 to reach the
user, and the user may observe the user body and external environment by penetrating
the display 120. The transparent display may be implemented as a transparent liquid
crystal display (LCD) type, a transparent thin-film electroluminescent panel (TFEL)
type, a transparent Organic Light Emitting Diode (OLED) type, or the like, and may be
implemented 1n a form of displaying by projecting an 1image on a transparent screen
(e.g., head-up display (HUD)). When the display 120 1s implemented as a transparent
display, the processor 130 may control the display 120 such that only virtual objects
are displayed on the display 120.

The processor 130 may control overall operations and functions of the electronic
apparatus 100. In particular, the processor 130 may render a virtual object based on the
image captured by the camera 110, estimate a plurality of the user body detected using
the pre-trained learning model when a user body 1s detected 1in the captured image, and
generate an AR 1mage by using estimated joint coordinates, the rendered virtual object,
and the captured 1mage, and control the display 120 to display the generated AR
image.

The processor 130 may be electrically connected to the camera 110, and may receive
data including the image captured by the camera 110 from the camera 110. The
processor 130 may render a virtual object based on the image captured by the camera
110 (S220). Specifically, rendering may refer to generating a second 1image including a
virtual object to correspond to a first image captured by the camera 110. In other
words, rendering may mean generating a virtual object to correspond to a certain area
of the captured 1mage. Since the processor 130 renders a virtual object based on the
captured image, the rendered virtual object may include depth information about space.

When the user body 1s detected from the captured image, the processor 130 may
estimate a plurality of joint coordinates for the detected user body using a pre-trained
learning model (S230). Specifically, the processor 130 may estimate the plurality of
joint coordinates for the user body using RGB data included 1n the captured image.
First, the processor 130 may detect a user body from the captured image, and the
processor 130 may extract RGB data including the user body from the captured image.
In addition, the processor 130 may estimate motions, shapes, and predicted coordinates
of the user body by inputting the extracted RGB data. According to another em-
bodiment, depth data may be included in an 1image captured by the camera 110 and
estimated coordinates may be further estimated using the depth data.

The pre-trained learning model may be a learning model trained through a plurality

of learning data including a hand 1mage using a convolutional neural network (CNN).
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When the user body 1s a hand, a method of estimating joint coordinates using a
learning model will be described below 1n detail with reference to FIGS. 4A and 4B.

The processor 130 may generate an AR 1mage using the estimated joint coordinates,
the rendered virtual object, and the captured image (S240). The AR 1mage may refer to
a third 1image generated by matching or calibrating the first image captured by the
camera and the second image including the virtual object.

The processor 130 may control the display 120 to display the generated AR image.
When the AR 1mage 1s displayed on the display 120, the user may interact with the
virtual object through the AR 1mage. Specifically, the processor 130 may check
whether the user body touches the virtual object based on the estimated joint co-
ordinates, and perform an event corresponding to the object touch when the object
touch 1s detected. The event may mean changing a transmittance of the virtual object.
The processor 130 may change an alpha value of the virtual object included in the
generated AR 1mage by a unit of pixel.

When a touch of the user body and the virtual object 1s i1dentified, the processor 130
may change the transmittance of the virtual object (S260). Alternatively, the processor
130 may change only the transmittance of an area of the virtual object corresponding to
the touch. In other words, the processor 130 may change the transmittance of the
virtual object by changing alpha values of all pixels corresponding to the virtual object
or by changing only an alpha value of the pixel in the area of the virtual object.

Also, the processor 130 may 1dentify an object touch based on whether the estimated
joint coordinates are positioned at coordinates corresponding to the rendered virtual
object. In addition, the processor 130 may track joint coordinates in real time or at a
predetermined time interval through an image captured in real time by the camera 110.
As described above with reference to FIG. 1, since only the image captured through
one camera 1s used and only the plurality of joint coordinates for the user body are
estimated by using RGB data of the captured image, the processor 130 may perform
real-time 1mage processing.

FIG. 3 1s a block diagram 1llustrating a detailed configuration of an electronic
apparatus according to an embodiment of the disclosure.

Referring to FIG 3, the electronic apparatus 100 may include the camera 110, the
display 120, the processor 130, a communication interface 140, a memory 150, and a
sensor 160. Meanwhile, since the camera 110, the display 120, and the processor 130
illustrated 1in F1G. 3 have been described in FIG. 2, redundant description will be
omitted.

The communication interface 140 may communicate with an external apparatus (not
shown). The communication interface 140 may be connected to an external device

through communication via a third device (e.g., a repeater, a hub, an access point, a
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server, a gateway, etc.).

[67] In addition, the communication interface 140 may include various communication
modules to perform communication with an external device. Specifically, the commu-
nication interface 140 may include an NFC module, a wireless communication module,
an infrared module, and a broadcast receiving module.

|68] The communication interface 140 may receive information related to the operation of
the electronic apparatus 100 from an external device. According to an embodiment, the
communication interface 140 may receive a learning model previously learned from an
external server and device using the communication interface 140, and control the
communication interface 140 to estimate coordinates of the user body using an external
high-performance server and device. Further, the communication interface 140 may be
used to update information stored in the electronic apparatus 100.

[69] The memory 150, for example, may store a command or data regarding at least one
of the other elements of the electronic apparatus 100. The memory 150 may be 1m-
plemented as a non-volatile memory, a volatile memory, a flash memory, a hard disk
drive (HDD) or a solid state drive (SDD). The memory 150 may be accessed by the
processor 130, and perform readout, recording, correction, deletion, update, and the
like, on data by the processor 130. According to an embodiment of the disclosure, the
term of the storage may include the memory 150, read-only memory (ROM) (not 1l-
lustrated) and random access memory (RAM) (not 1llustrated) within the processor
130, and a memory card (not illustrated) attached to the electronic apparatus 100 (e.g.,
micro secure digital (SD) card or memory stick). Also, the memory 150 may store a
program, data, and the like for constituting various types of screens that will be
displayed in the display area of the display 120.

[ 70] In addition, the memory 150 may store data for displaying the AR 1mage.
Specifically, the memory 150 may store an image captured by the camera 110 and a
second 1mage including a virtual object generated by the processor 130. Also, the
memory 150 may store the AR 1image generated based on the captured image and the
rendered virtual object. Also, the memory 150 may store the plurality of joint co-
ordinates of the user body estimated by the processor 130 1n real time.

[71] The sensor 160 may detect an object. Specifically, the sensor 160 may sense an
object by sensing physical changes such as heat, light, temperature, pressure, sound, or
the like. Also, the sensor 160 may output coordinate information about the sensed
object. Specifically, the sensor 160 may acquire 3D point information of the sensed
object or output coordinate information based on a distance.

[72] For example, the sensor 160 may be a lidar sensor, a radar sensor, an infrared sensor,
an ultrasonic sensor, a radio frequency (RF) sensor, a depth sensor, and a distance

measurement sensor. The sensor 160 1s a type of an active sensor and may transmit a
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specific signal to measure a time of tlight (ToF). The ToF is a tlight time distance mea-
surement method, and may be a method of measuring a distance by measuring a time
difference between a reference time point at which a pulse 1s fired and a detection time
point of a pulse reflected back from a measurement object.

FIGS. 4A and 4B are views illustrating estimating process of a plurality of joint co-
ordinates according to an embodiment of the disclosure.

Referring to FIG. 4A, a user body 40, a plurality of joint coordinates 41 to 46 corre-
sponding to a finger joint and a palm are illustrated.

Referring to FIG. 4B, a hand image to which a plurality of joint coordinates 41 to 46
of FIG. 4A are connected when the hand 1s illustrated 1n a plurality of configurations.

If the user body detected from an image captured by the camera 110 1s a hand, the
electronic apparatus 100 may use a pre-trained learning model as a method of es-
timating a plurality of joint coordinates corresponding to a finger joint and a palm.

The learning model may be trained through a plurality of learning data or training
data including a human hand 1mage using a convolutional neural network (CNN). The
learning data may be learned based on data in which 3D coordinates are input to at
least one region of the hand 1image and data in which the 3D coordinates are not
matched to the hand image. First, data input with 3D coordinates 1n at least one region
of the hand 1image may be learned using a learning model. Subsequently, output data
may be obtained from the learning model using data in which the 3D coordinates are
not matched to the hand 1image, and a loss function or error between the output data
and the data in which 3D coordinates are input 1n at least one region of the hand image
may be calculated. The learning model may be trained through a process of updating a
welght value of the CNN using the calculated loss function or error.

Referring again to FIG. 4A, the learning data or training data may be a hand image in
which 3D coordinates are assigned to a plurality of joints including a fingertip and a
finger joint.

Referring again to FIG. 4B, the learning model may be formed by machine learning
or may be learned through deep learning after inputting 21 coordinates, respectively, as
shown 1n FIG. 4A 1n each of the hand images including various hand shapes and size.
In other words, the hand 1mage illustrated in F1G. 4B may be learning data or training
data for learning the learning model.

FIG. 4A shows a user body 40 composed of 20 points corresponding to each finger
and one point corresponding to the palm, a total of 21 points, are illustrated. The 21
points included 1n the user body 40 may be the basis for estimating a plurality of joint
coordinates for the user body.

For example, when the learning model 1s trained using experimental data or learning
data that includes more than 21 points included in the user body 40 of FIG. 4A, the
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electronic apparatus 100 may more accurately grasp the user body joint coordinates
and locations included in the captured image. However, the number of points included
in the user body 40 of FIG. 4A 1s only an embodiment, and the number of points set
according to the performance of the electronic apparatus 100 may be appropriately
selected 1n the range of 5 to 40 during implementation.

As shown 1n FIG. 4B, the plurality of hand 1images may be learning data or training
data for learning the learning model. The electronic apparatus 100 may estimate the
joint coordinates of the user by learning the hand image illustrated in FIG. 4B. In
particular, the electronic apparatus 100 may estimate coordinates of hidden finger with
only a part of the captured image even when a part of the hand, for example, fingers
are hidden by another object or subject.

For example, it may be assumed that the learning model learns the data of F1G. 4B
and a finger image similar to the data of FIG. 4B 1s given. In this case, according to the
prior art, RGB and depth data for the fingers hidden by another object or subject may
not be obtained, and accurate coordinates for the hidden fingers may not be obtained
with only given data. However, the electronic apparatus 100 according to the
disclosure may estimate coordinates using a pre-trained learning model for fingers
hidden by other objects or subjects. However, the above example 1s an example for
convenience of description, and data related to all movements and postures of the hand
are not required to estimate the coordinates of the hand according to an embodiment of
the disclosure.

FIG. 5 1s a view 1llustrating an AR 1mage displayed by an electronic apparatus
according to an embodiment of the disclosure.

Referring to FIG. 5, a first image 51 including a user body 50, a second image 52
including a virtual object 5, and a third image 53 including a user body 50 and a virtual
object 5 are illustrated.

The first image 51 may be an image captured by a camera included in the electronic
apparatus 100. Specifically, the rear of the electronic apparatus 100 may by captured
by the camera included 1n the electronic apparatus 100, and the captured image may
include the user body 50. The user body 50 captured by the camera is 1llustrated in the
first image S1.

In addition, the second 1image 52 may be an image generated by the virtual object 5
rendered by the electronic apparatus 100 based on the captured 1image so as to
correspond to the first image captured by the camera included in the electronic
apparatus 100. Since the virtual object 5 rendered by the electronic apparatus 100 1s
generated based on the captured image, depth information on space may be included.

The third 1image 53 may be an 1image generated by the first image 51 and the second
image 52 being matched and calibrated by the electronic apparatus 100.
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Specifically, the electronic apparatus 100 may extract RGB data including the user
body from the first image captured by the camera included in the electronic apparatus
100. Then, the electronic apparatus 100 may estimate motions, shapes, and predicted
coordinates of the user body by inputting the extracted RGB data. Alternatively, the
electronic apparatus 100 may include depth data in the captured 1image, and estimate a
plurality of joint coordinates for the user body by using the depth data.

For example, the electronic apparatus 100 may detect a hand of the user body 50
included 1n the first image 51, and estimate coordinates of the user body 50 detected by
using the pre-trained learning model. Alternatively, the electronic apparatus 100 may
estimate the coordinates of the user body 50 by additionally using the depth data of the
user body 50 from the captured image.

The electronic apparatus 100 may match or calibrate the first image 51 and the
second 1image 52 by using the estimated joint coordinates of the user body 50 and the
depth information of the virtual object 5. Since the electronic apparatus 100 may
generate an augmented reality image using the estimated coordinates of the user body
and the coordinates of the virtual object, the user may be able to interact with the
virtual object displayed through the display of the electronic apparatus 100.

FIG. 6 1s a view 1llustrating a process of rendering a virtual hand object on a user
body according to an embodiment of the disclosure.

Referring to FIG. 6, an augmented reality image 61 including a virtual hand object 60
1s 1llustrated. As described above, the electronic apparatus 100 may estimate a plurality
of joint coordinates for the user body, and render a virtual hand object based on the
estimated plurality of joint coordinates.

Specifically, the electronic apparatus 100 may detect the user's hand from the
captured 1image and estimate the plurality of joint coordinates for the detected user's
hand. The electronic apparatus 100 may render a virtual hand object at coordinates cor-
responding to the estimated plurality of joint coordinates, and the electronic apparatus
100 may output a virtual hand object instead of the user body. The electronic apparatus
100 may track movements of the user's hand in real time, and the electronic apparatus
100 superimposes a virtual hand object on the user's hand, so that the user may move
the virtual hand object 60 1n the augmented reality image 61 just like moving the user’s
hand, and interact with the virtual object.

When the electronic apparatus 100 detects an object touch, at least one of a user body
or a virtual object may be transparently displayed. An embodiment in which the
electronic apparatus 100 transparently displays a virtual object or a user body will be
described with reference to FIGS. 7 and 9.

FIG. 7 1s a view 1llustrating an event corresponding to an object touch according to

an embodiment of the disclosure.
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Referring to FIG. 7, an augmented reality image 71 including a virtual object 7 and a
user body 70 1s 1llustrated. The electronic apparatus 100 may identify whether the user
body 70 touches the virtual object 7 based on the estimated joint coordinates, and
perform an event corresponding to the object touch when the object touch 1s detected.
The event may refer to changing a transmittance of the virtual object 7 or a color of the
displayed virtual object 7. Meanwhile, the electronic apparatus 100 may change an
alpha value of the virtual object 7 included 1n the generated augmented reality image
71 by a unit of pixel. When a touch of the user body 70 and the virtual object 7 1s
identified, the electronic apparatus 100 may change the transmittance of the virtual
object 7. Alternatively, the electronic apparatus 100 may change only the transmittance
of an area of the virtual object 7 corresponding to the touch. In other words, the
electronic apparatus 100 may change the transmittance of the virtual object by
changing the alpha values of all pixels corresponding to the virtual object 7 or by
changing only the alpha values of pixels in one region of the virtual object 7.

FIG. 8 1s a view 1llustrating an object touch according to an embodiment of the
disclosure.

Referring to FIG. 8, an augmented reality image 81 including a virtual object 8 and
user bodies 80a and 80b 1s illustrated. The electronic apparatus 100 may i1dentify
whether the user body 80a and 80b touch the virtual object 8 based on the estimated
joint coordinates, and perform an event corresponding to the object touch when the
object touch 1s detected. The event may refer to changing a transmittance of the
rendered virtual hand object 80b.

Meanwhile, the electronic apparatus 100 may change an alpha value of the virtual
hand object 80b included in the generated augmented reality image by a unit of pixel.
The electronic apparatus 100 may change a transmittance of the virtual hand object
80b when a touch of the user bodies 80a and 80b and the virtual object 8 is identified.
Alternatively, the electronic apparatus 100 may change only the transmittance of one
area of the virtual hand object 80b corresponding to the touch.

Specifically, referring to FIG. 8, the virtual object 8 may be rendered by the
electronic apparatus 100 and occupy a certain area in space (e.g., an area of a certain
size of a cuboid). In addition, the electronic apparatus 100 may grasp 3D coordinates
of the virtual object 8 and also estimate the 3D coordinates of the user bodies 80a and
30b. In other words, the electronic apparatus 100 may i1dentify whether to touch the
object by comparing the 3D coordinates of the virtual object 8 and the user's bodies
80a and 80b. In addition, the electronic apparatus 100 may i1dentify whether a part of
the user's bodies 80a and 80b touches the virtual object 8. The electronic apparatus 100
may change a transmittance of a part area (the virtual hand object 80b) of the user body

determined to have generated object touch with the virtual object 8, or reverse the
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color of the rendered virtual hand object 80b.

FIG. 9 1s a tflowchart illustrating a method of controlling an electronic apparatus
according to an embodiment of the disclosure.

Referring to FIG. 9, the electronic apparatus 100 may include a camera, a display,
and a processor. The electronic apparatus 100 may capture a rear of the electronic
apparatus 100 facing a front of which the display displays an image (S910). The front
and the rear are described for convenience of description, and may be first and second
surfaces.

The electronic apparatus 100 may render a virtual object based on the captured image
(S920). Specifically, when an image captured by the camera is referred to as a first
image or a first layer, the electronic apparatus 100 may generate a second 1mage or a
second layer including a virtual object based on the first image or the first layer.

When the user body i1s detected from the captured image, the electronic apparatus
100 may estimate a plurality of joint coordinates for the detected user body using a
pre-trained learning model (S930). Specifically, when the user body detected from the
captured 1mage 1s a hand, the electronic apparatus 100 may estimate a plurality of joint
coordinates corresponding to the finger joint and the palm by using the pre-trained
learning model. The pre-trained learning model may be learned through a plurality of
learning data including hand images.

The electronic apparatus 100 may generate an augmented reality i1mage using the
estimated plurality of joint coordinates, the rendered virtual object, and the captured
image (S940). The electronic apparatus 100 may display the generated augmented
reality image (S950). The electronic apparatus 100 may identify whether the user body
touches the virtual object in the displayed augmented reality image, and perform an
event corresponding to the object touch when the object touch 1s detected. In
particular, the electronic apparatus 100 may 1dentify whether the user body touches the
virtual object based on the estimated joint coordinates, and change a transmittance of
the virtual object when the touch 1s confirmed (S960). The electronic apparatus 100
may change an alpha value of the virtual object included 1n the generated augmented
reality image by a unit of pixel, and the electronic apparatus 100 may identify an object
touch based on whether the estimated joint coordinates are located at coordinates cor-
responding to the rendered virtual object. Also, the electronic apparatus 100 may
change only the transmittance of an area of the virtual object corresponding to the
touch. In other words, the electronic apparatus 100 may change the transmittance of
the virtual object by changing the alpha value of all pixels corresponding to the virtual
object or by changing only the pixel alpha value of the area of the virtual object.

The term “module” as used herein includes units made up of hardware, software, or

firmware, and may be used interchangeably with terms such as logic, logic blocks,
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components, or circuits. A “module” may be an integrally constructed component or a
minimum unit or part thereof that performs one or more functions. For example, the
module may be composed of an application-specific integrated circuit (ASIC).

| 108] The various example embodiments described above may be implemented as an S/W
program including an instruction stored on machine-readable (e.g., computer-readable)
storage media. The machine 1s an apparatus which 1s capable of calling a stored in-
struction from the storage medium and operating according to the called instruction,
and may include an electronic apparatus (e.g., an electronic apparatus A) according to
the above-described example embodiments. When the instruction 1s executed by a
processor, the processor may perform a function corresponding to the instruction
directly or using other components under the control of the processor. The command
may include a code generated or executed by a compiler or an interpreter. A machine-
readable storage medium may be provided in the form of a non-transitory storage
medium. Herein, the term “‘non-transitory’” only denotes that a storage medium does
not include a signal but 1s tangible, and does not distinguish the case where a data 1s
semi-permanently stored in a storage medium from the case where a data 1s tem-
porarily stored in a storage medium.

[ 109] The respective components (e.g., module or program) according to the various
example embodiments may include a single entity or a plurality of entities, and some
of the corresponding sub-components described above may be omitted, or another sub-
component may be further added to the various example embodiments. Alternatively
or additionally, some components (e.g., module or program) may be combined to form
a single entity which performs the same or similar functions as the corresponding
clements betore being combined. Operations performed by a module, a program
module, or other component, according to various embodiments, may be sequential,
parallel, or both, executed iteratively or heuristically, or at least some operations may

be performed 1n a different order, omitted, or other operations may be added.
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Claims

An electronic apparatus comprising:

a display;

a camera configured to capture a rear of the electronic apparatus facing
a front of the electronic apparatus in which the display displays an
image; and

a processor configured to:

render a virtual object based on the image captured by the camera,
based on a user body being detected from the captured image, estimate
a plurality of joint coordinates with respect to the detected user body
using a pre-trained learning model,

generate an augmented reality image using the estimated plurality of
joint coordinates, the rendered virtual object, and the captured image,
and

control the display to display the generated augmented reality image,
wherein the processor 1s further configured to:

identify whether the user body touches the rendered virtual object
based on the estimated plurality of joint coordinates, and

change a transmittance of the rendered virtual object based on the touch
being 1dentified.

The apparatus of claim 1, wherein the processor 1s further configured to
estimate the plurality of joint coordinates corresponding to a finger
joint and a palm using the pre-trained learning model based on the
detected user body being 1dentified to be a hand.

The apparatus of claim 2, wherein the processor 1s further configured to
render a virtual hand object and the rendered virtual object based on the
estimated plurality of joint coordinates.

The apparatus of claim 1, wherein the processor 1s further configured to
change a transmittance of one area of the rendered virtual object corre-
sponding to the touch.

The apparatus of claim 1, wherein the processor 1s further configured to
change a transmittance of the user body and transparently display the
user body, based on the touch being identified.

The apparatus of claim 1, wherein the processor 1s turther configured
to:

receive depth data of the captured image from the camera, and

generate the augmented reality image using the received depth data.
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|Claim 7] The apparatus of claim 1, wherein the pre-trained learning model 1s
configured to be trained through a plurality of learning data comprising
hand 1images by using a convolutional neural network (CNN).

|Claim 8] The apparatus of claim 7, wherein the plurality of learning data
comprises first data in which a 3D coordinate 1s matched to at least one
area of a hand 1image, and second data in which the 3D coordinate 1s not
matched to the hand image, and
wherein the pre-trained learning model 1s configured be trained by
updating a weight value of the CNN based on the first data and the
second data.

|Claim 9] A method of controlling an electronic apparatus comprising:
capturing a rear of the electronic apparatus facing a front of the
electronic apparatus in which a display displays an image;
rendering a virtual object based on a captured 1mage;
based on a user body being detected from the captured image, es-
timating a plurality of joint coordinates with respect to the detected user
body using a pre-trained learning model;
generating an augmented reality image using the estimated plurality of
joint coordinates, the rendered virtual object, and the captured image;
displaying the generated augmented reality image;
identifying whether the user body touches the rendered virtual object
based on the estimated plurality of joint coordinates; and
changing a transmittance of the rendered virtual object based on the
touch being identified.

|Claim 10] The method of claim 9, wherein the estimating comprises estimating a
plurality of joint coordinates corresponding to a finger joint and a palm
using the pre-trained learning model based on the detected user body
being 1dentified to be a hand.

[Claim 11] The method of claim 10, wherein the rendering comprises rendering a
virtual hand object and the rendered virtual object based on the
estimated plurality of joint coordinates.

|Claim 12] The method of claim 9, wherein the changing comprises changing a
transmittance of one area of the rendered virtual object corresponding
to the touch.

|Claim 13] The method of claim 9, further comprising:
changing a transmittance of the user body and transparently displaying
the user body based on the touch being 1dentified.

|Claim 14] The method of claim 9, wherein the generating comprises receiving
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depth data of the captured image from a camera, and generating the
augmented reality image using the received depth data.

|Claim 13] The method of claim 9, wherein the pre-trained learning model 1s
configured to be trained through a plurality of learning data comprising

hand 1images by using a convolutional neural network (CNN).
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