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adjusting a point of convergence of the plurality of 2D images 
using a feature point of the talker, detecting an object located 
between the talker and the 3D camera using the acquired 
plurality of 2D images; Scaling an original sense of depth of 
the detected object to a new sense of depth; and generating a 
3D talker image including the object with the new sense of 
depth and transmitting the 3D talker image to a 3D video 
communication apparatus of a listener. 
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1. 

3D VIDEO COMMUNICATION APPARATUS 
AND METHOD FOR VIDEO PROCESSING OF 
3D VIDEO COMMUNICATION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority from Korean Patent Appli 
cation No. 10-2010-0109849, filed Nov. 5, 2010, in the 
Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference in its entirety. 

BACKGROUND 

1. Field 
Apparatuses and methods consistent with exemplary 

embodiments relate to three dimensional (3D) video commu 
nication apparatus and method for video processing thereof. 

2. Description of the Related Art 
A video communication apparatus enables video commu 

nication between a talker and a listener using a camera, a 
microphone or a speaker. 

For example, a video communication apparatus with one 
camera can provide two dimensional (2D) video communi 
cation between a talker and a listener. A video communication 
apparatus using a plurality of cameras can provide 3D video 
communication using a plurality of videos, for example, left 
side videos and right-side videos. 
A video communication apparatus generates the sense of 

depth of a 3D video using captured left-side video and right 
side video. The implementation of the 3D video can generally 
be categorized into glasses type and non-glasses type. 
The glasses type generally includes passive type, active 

type and anaglyph type. The non-glasses type generally 
includes lenticular type and parallax barrier type. 

SUMMARY 

Exemplary embodiments may address at least the above 
problems and/or disadvantages and other disadvantages not 
described above. Also, exemplary embodiments are not 
required to overcome the disadvantages described above, and 
an exemplary embodiment of the present inventive concept 
may not overcome any of the problems described above. 

According to an aspect an exemplary embodiment, there is 
provided a video communication method of a (3D video 
communication apparatus connectable to a 3D camera may 
be provided, which may include acquiring a plurality of 2D 
images corresponding to a talker using the 3D camera, adjust 
ing a point of convergence of the plurality of 2D images using 
a preset feature point of the talker, detecting an object located 
between the talker and the 3D camera using the acquired 
plurality of 2D images, Scaling an original sense of depth of 
the detected object to a new sense of depth, and generating a 
3D talker image including the object with the new sense of 
depth and transmitting the 3D talker image to a 3D video 
communication apparatus of a listener. 

According to another aspect of an exemplary embodiment, 
the video communication method may additionally include 
setting the feature point of the talker, wherein the feature 
point may include at least one of eyes, nose, lips, ears and 
eyebrows of the talker. 

According to another aspect of an exemplary embodiment, 
the video communication method may additionally include 
receiving a 3D listener image from the 3D video communi 
cation apparatus of the listener, and displaying the 3D listener 
image or the 3D talker image on a display unit. 
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2 
According to another aspect of an exemplary embodiment, 

the 3D camera may be a stereoscopic camera or a depth 
camera unit. 

According to another aspect of an exemplary embodiment, 
the video communication method may additionally include 
computing a distance between the 3D camera and the talker, 
wherein the distance may be computed using disparity or 
depth information of the plurality of 2D images. 

According to another aspect of an exemplary embodiment, 
the 3D talker image may be displayed on a reference plane of 
a display unit of the 3D video communication apparatus of the 
listener, and an object having the new sense of depth may be 
displayed on a front side of the reference plane (+Z axis 
direction) distinguishably from the 3D talker image. 

According to another aspect of an exemplary embodiment, 
an object having the new sense of depth is displayed on a 
reference plane of the display unit of the 3D video commu 
nication apparatus of the listener, and the 3D talker image is 
displayed on a back side of the reference plane (-Z axis 
direction) distinguishably from the object with the adjusted 
sense of depth. 

According to another aspect of an exemplary embodiment, 
the adjusting may include adjusting by shifting a left-side 
image and a right-side image acquired from the stereoscopic 
camera or the depth camera unit using the preset feature point, 
or rotating at least one of light axes of a left-side camera and 
a right-side camera of the stereoscopic camera. 

According to another aspect of an exemplary embodiment, 
the Scaling may include enlarging or shifting the detected 
object of a left-side image and the detected object of a right 
side image acquired from the stereoscopic camera or the 
depth camera unit, or adjusting at least one distance from 
among a light axis of a left-side camera and a light axis of a 
right-side camera of the stereoscopic camera. 

According to another aspect of an exemplary embodiment, 
the Scaling may include enlarging, by adding a predetermined 
ratio corresponding to a size of the detected object of a left 
side image and a size of the detected object of a right-side 
image acquired at the stereoscopic camera or the depth cam 
era unit, or enlarging the detected object of the left-side image 
and the detected object of the right-side image to a predeter 
mined size. 

According to another aspect of an exemplary embodiment, 
the 3D camera may be integrally formed in the 3D video 
communication apparatus. 

According to another aspect of an exemplary embodiment, 
there is provided a video communication method of a 3D 
Video communication apparatus connectable to a 3D camera, 
which may include acquiring a plurality of 2D images corre 
sponding to a talker using the 3D camera, generating a first 3D 
talker image by adjusting a point of convergence of the plu 
rality of 2D images using a preset feature point of the talker, 
detecting an object located between the talker and the 3D 
camera, Scaling an original sense of depth of the detected 
object to a new sense of depth, transmitting a second 3D talker 
image containing the object with the new sense of depth to a 
3D video communication apparatus of a listener, and receiv 
ing a 3D listener image from the 3D video communication 
apparatus of the listener and displaying a first3D talker image 
or the 3D listener image containing the object with the origi 
nal sense of depth on the display unit. 

According to another aspect of an exemplary embodiment, 
the video communication method may additionally include 
computing a distance between the 3D camera and the talker. 

According to another exemplary embodiment, a video 
communication method of a 3D video communication appa 
ratus connectable to a 3D camera may be provided, which 
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may include acquiring a plurality of 2D images correspond 
ing to a talker using the 3D camera, adjusting a point of 
convergence of the plurality of 2D images using a preset 
feature point of the talker, distinguishing between a first 
region corresponding to the talker and a second region 
between the talker and the 3D camera, detecting an object 
located between the talker and the 3D camera, Scaling an 
original sense of depth of the detected object to a new sense of 
depth, and generating a 3D talker image including the object 
with the new sense of depth. 

According to another aspect of an exemplary embodiment, 
the detecting the object between the talker and the 3D camera 
may include dividing the detected object into separate layers. 

According to another aspect of an exemplary embodiment, 
the video processing method may additionally include trans 
mitting the 3D talker image to a 3D video communication 
apparatus of a listener, and receiving a 3D listener image from 
the 3D video communication apparatus of the listener, 
wherein the received 3D listener image or the 3D talker image 
is displayed on the display unit. 

According to another aspect of an exemplary embodiment, 
the 3D talker image may be displayed on a reference plane of 
a display unit of the 3D video communication apparatus and 
the object with the new sense of depth may be displayed on a 
front side of the reference plane (+Z axis direction) distin 
guishably from the 3D talker image, or the object with the 
new sense of depth may be displayed on the reference plane of 
the display unit, and the 3D talker image may be displayed on 
a back side of the reference plane (-Z axis direction) distin 
guishably from the object with the new sense of depth. 

According to another aspect of an exemplary embodiment, 
the video processing method may additionally include com 
puting a distance between the 3D camera and the talker. 

According to another aspect of an exemplary embodiment, 
the 3D camera may be a stereoscopic camera or a depth 
camera unit. 

According to another aspect of an exemplary embodiment, 
there is provided a 3D video communication apparatus 
including a display unit which displays a 3D image, which 
may include a storage unit, and a control unit which controls 
the 3D camera and the storage unit, wherein the control unit 
adjusts a point of convergence of a plurality of 2D images 
using a preset feature point of a talker, detects an object 
located between the talker and the 3D camera, scales an 
original sense of depth of the detected object to a new sense of 
depth, and generates a 3D talker image including the object 
with the new sense of depth from the plurality of 2D images. 

According to another aspect of an exemplary embodiment, 
the 3D video communication apparatus may additionally 
include a transmitting/receiving unit which transmits the 3D 
talker image to a 3D video communication apparatus of a 
listener at video communication with the talker and receives 
a 3D listener image from the 3D video communication appa 
ratus of the listener, wherein the display unit displays the 3D 
talker image or the received 3D listener image. 

According to another aspect of an exemplary embodiment, 
the display unit may display a user interface (UI) screen to set 
a feature point of the talker and the feature point may be 
inputted using the UI screen. 

According to another aspect of an exemplary embodiment, 
the control unit may compute a distance between the 3D 
camera and the talker using the plurality of 2D images and 
detect the object using the computed distance. 

According to another aspect of an exemplary embodiment, 
there is provided a 3D video communication apparatus 
including a display unit which displays a 3D image, which 
may include a 3D camera which acquires a plurality of 2D 
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4 
images corresponding to a talker, a storage unit, and a control 
unit which controls the 3D camera and the storage unit, 
wherein the control unit adjusts a point of convergence of the 
plurality of 2D images using the preset feature point of the 
talker, distinguishes between a first region corresponding to 
the talker and a second region between the talker and the 3D 
camera, detects the object in the second region, Scales an 
original sense of depth of the detected object to a new sense of 
depth, and generates a 3D talker image including the object 
with the new sense of depth from the plurality of 2D images. 

According to another aspect of an exemplary embodiment, 
the 3D video communication apparatus may additionally 
include a transmitting/receiving unit which transmits the 3D 
talker image to a 3D video communication apparatus of a 
listenerat Video communication with the talker, and receives 
a 3D listener image from the 3D video communication appa 
ratus of the listener, wherein the display unit displays the 3D 
talker image or the 3D listener image. 

According to another aspect of an exemplary embodiment, 
the control unit may compute a distance between the 3D 
camera and the talker using the plurality of 2D images and 
detect the object using the computed distance. 

According to another aspect of an exemplary embodiment, 
the 3D talker image may be displayed on a reference plane of 
a display unit of the 3D video communication apparatus of the 
talker, and the object with the new sense of depth may be 
displayed on a front side (+Z axis direction) of the reference 
plane distinguishably from the 3D talker image, or the object 
with the new sense of depth may be displayed on the reference 
plane of the display unit and the 3D talker image may be 
displayed on a back side of the reference plane (-Z axis 
direction) distinguishably from the object with the new sense 
of depth. 
A 3D video communication apparatus, which generates a 

3D talker image containing an object with a new sense of 
depth located between a talker and a 3D camera, and trans 
mits the generated 3D talker image to provide a differentiated 
3D video effect to a listener in front of the 3D video commu 
nication apparatus of the listener, and a video control method 
thereof are provided. 
A 3D video communication apparatus, which may selec 

tively display first to third 3D talker images generated at a 3D 
Video communication apparatus of a talker, on a display of the 
3D video communication apparatus of the talker, and a video 
control method thereof are provided. 
A 3D video communication apparatus, which can selec 

tively transmit second and third 3D talker images generated at 
a 3D video communication apparatus of a talker, to display on 
a display unit of a 3D video communication apparatus of a 
listener, and a video control method thereof are provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and/or other aspects will become more apparent 
by describing certain exemplary embodiments, with refer 
ence to the accompanying drawings, in which: 

FIG. 1 is a block diagram of a 3D video communication 
apparatus according to an exemplary embodiment; 

FIG. 2 is a flowchart provided to explain a method for 
controlling video on a 3D video communication apparatus 
according to an exemplary embodiment; 

FIG.3 is a flowchart provided to explain in detailan opera 
tion performed at operation S230 of FIG. 2 according to an 
exemplary embodiment; 

FIGS. 4A and 4B are views illustrating user interface 
screens of a 3D video communication apparatus according to 
an exemplary embodiment; 
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FIG. 5 illustrates a processing method of a stereoscopic 
camera of a 3D video communication apparatus according to 
an exemplary embodiment; 

FIG. 6 illustrates a processing method of a stereoscopic 
camera of a 3D video communication apparatus according to 
an exemplary embodiment; 

FIG. 7 illustrates a processing method of a depth camera 
unit a 3D video communication apparatus according to an 
exemplary embodiment; 

FIGS. 8A to 8D illustrates a 3D camera according to an 
exemplary embodiment; and 

FIG. 9 illustrates an example of displaying a result of video 
processing of a 3D video communication apparatus at a talker 
side on a 3D video communication apparatus at a listener 
side, according to an exemplary embodiment. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

Certain exemplary embodiments are described in greater 
detail below with reference to the accompanying drawings. 

In the following description, like drawing reference numer 
als are used for the like elements, even in different drawings. 
The matters defined in the description, such as detailed con 
struction and elements, are provided to assistina comprehen 
sive understanding of exemplary embodiments. However, 
exemplary embodiments can be carried out without those 
specifically defined matters. Also, well-known functions or 
constructions are not described in detail since they would 
obscure the invention with unnecessary detail. 

FIG. 1 is a block diagram of a 3D video communication 
apparatus or 3D video communication system according to an 
exemplary embodiment. 

Referring to FIG. 1, the 3D video communication appara 
tus 100, 200 according to an exemplary embodiment can 
connect to a wired or wireless network. The 3D video com 
munication apparatus 100 on the talker's side is connectable 
to the 3D video communication apparatus 200 over wired/ 
wireless network. 

The 3D video communication apparatus encompasses the 
3D video communication apparatus 100 on the talker's side 
and the 3D video communication apparatus 200 on the lis 
tener's side. 

The 3D video communication apparatus 100 may be con 
nected to at least one computer (not illustrated) including a 
server, at least one image forming apparatus (not illustrated) 
and/or at least one portable apparatus (not illustrated) over 
wired/wireless network. 

The image forming apparatus (not illustrated) may include 
a variety of apparatuses including a copier, a printer, a fac 
simile, a scanner, or a multi-function peripheral (MFP) that 
outputs image data. The MFP may have a plurality of func 
tions including copying, printing, Scanning, fax transmission, 
e-mail transmission, or file transmission. 
The portable apparatus (not illustrated) may include a 

mobile phone, a Smartphone, a digital camera, an e-book 
reader, a tablet PC or a portable storage medium such as USB 
memory or memory card, but not limited thereto. 
The external apparatus may include a computer including 

a server, an image forming apparatus, or a portable apparatus. 
The server may include a web server that supports web 

service or a data server that stores data. 
The 3D video communication apparatus 100 may include a 

control unit 110, a 3D camera 120, a distance computing unit 
130, an object detecting unit 135, a transmission image gen 
erating unit 140, a transmitting/receiving unit 150, an output 
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6 
image generating unit 160, a display unit 170, a storage unit 
180, a microphone 190, and a speaker 195. 
The control unit 110 may include a CPU (not illustrated), a 

ROM having recorded thereona control program, and a RAM 
(not illustrated) used to memorize input data or used as an 
operation-related memory area. The CPU, the ROM and the 
RAM may be interconnected with each other via an internal 
bus. 
The control unit 110 may control the storage unit 180, the 

3D camera 120, the distance computing unit 130, the object 
detecting unit 135, the display unit 140, the output image 
generating unit 150, the transmission image generating unit 
160, the transmitting/receiving unit 170, the microphone 190, 
and the speaker 195. 
The 3D camera 120 may capture a plurality of first 2D 

images, including first left-side images 500, 600, 700 and first 
right-side images 505, 605,706, corresponding to a talker 10 
to implement a 3D communication. 
The a plurality of captured 2D images 500, 505, 600, 605, 

700, 705 may refer to one dimensional (1D) and 2D images. 
The talker 10 herein may include the talker 10 himself 

positioned opposite to the 3D camera 120 or the background 
surrounding the talker 10. The talker 10 alone, or the back 
ground alone without the talker therein, or both the talker 10 
and the background may be positioned opposite the 3D cam 
era 120. 
The term “capture” or “acquire” of the 3D camera 120 

herein may refer to the same meaning. 
The first 2D image captured through the 3D camera 120 

may be stored at the storage unit 180 according to the control 
by the control unit 110. 
The 3D camera 120 may capture a plurality of 2D images 

Successively according to the 3D video communication 
between the talker 10 and the listener 20, and the plurality of 
Successively-captured 2D images may be stored at the storage 
unit 180. 
The 3D camera 120 according to an exemplary embodi 

ment may be positioned on an upper portion of the display 
unit 170, or in other places depending on applications. 
The 3D camera 120 according to an aspect of an exemplary 

embodiment is described below with reference to FIGS. 8A to 
8D. 

FIGS. 8A to 8D are views illustrating the 3D camera 120 
according to an aspect of an exemplary embodiment. 

Referring to FIGS. 8A to 8D, the 3D camera may be a 
Stereoscopic camera 121 including a left-side camera 121a 
which captures first left-side images 500, 600 of the talker 10, 
and a right-side camera 121b which captures first right-side 
images 505, 605 of the talker 10. 
The 3D camera may also include a depth camera unit 122 

which includes an infrared (IR) sensor 122a, a depth camera 
122b which acquires depth information using a time for an 
infrared ray emitted from the IR sensor 122a to touch and 
reflect from the talker 10 and be received back, and a camera 
122c to capture the first 2D image 700 of the talker 10. 
The depth camera unit 122 may detect the shape of the 

talker 10 using the received reflected light. The depth camera 
unit 122 may compute a distance from the depth camera unit 
122 to the talker 10 using the time of flight (TOF) of the IR 
light emitted from the IR sensor 122a and reflected at the 
talker 10 and received at the depth camera 122b. 
The received reflected light may be passed through a filter 

(not illustrated) or a beam splitter (not illustrated) and sensed 
at the depth camera 122b as the grayscale data which corre 
sponds to the distance to the talker 10. 
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The sensed grayscale data may be converted into depth 
information and stored at the storage unit 180 as the 2D image 
T05. 
The 2D image 705 corresponding to the depth information 

appears brighter if it is closer to the depth camera 122b or 
darker if farther from the depth camera 122b. 
An object positioned between the talker 10 and the depth 

camera 122b, for example, a hand of the talker 10, a gift box, 
or the like, may appear brighter than the talker 10. 
The gift box laid on the hand of the talker 10 may appear 

darker than the talker 10, if the gift box is behind the talker 10, 
that is, for example, between the talker 10 and the back 
ground. 
The 3D camera 120 refers to a camera which is capable of 

capturing the first 2D image corresponding to the talker 10. 
Any camera other than the stereoscopic camera 121 or the 
depth camera unit 122 may be implemented as the 3D camera 
120 as long as the camera is capable of capturing a plurality of 
2D images corresponding to the talker 10. 
The 3D camera 120 may be separately provided and con 

nected to the 3D video communication apparatus 100 via 
wired/wireless network, or formed as all-in-one unit. 

The distance computing unit 130 may compute a distance 
between the 3D camera 120 and the talker 10 using the first 
2D image captured through the 3D camera 120. 

With respect to the stereoscopic camera 121, the distance 
computing unit 130 may compute the distance from the Ste 
reoscopic camera 121 to the talker 10 using disparity between 
the first left-side images 500, 600 captured through the left 
side camera 121a and the first right-side images 505, 605 
captured through the right-side camera 121b. 
The distance using disparity between the first left-side 

images 500, 600 and the first right-side images 505, 605 may 
be computed using a variety of known algorithms. 

With respect to the depth camera unit 122, the distance 
computing unit 130 may compute distance from the depth 
camera unit 122 to the talker 10 using TOF of a IR light 
emitted from the IR sensor 122a and reflected and received at 
the depth camera 122b. 

The distance computing unit 130 may additionally com 
pute distance to the talker 10 from the 3D camera which 
captures the first 2D image corresponding to the talker 10, in 
addition to computing distance from the stereoscopic camera 
121 or the depth camera unit 122 to the talker 10. 
The object detecting unit 135 may distinguish between a 

first region that corresponds to the talker 10 and a second 
region 531, 536, 631, 636,731, 736 that includes a predeter 
mined distance between the talker 10 and the 3D camera 120, 
and detect an object 541, 546, 641, 646, 741, 746 located 
within the second region 531, 536,631, 636, 731, 736. 

For example, the predetermined distance may be 1 m. The 
predetermined distance may vary depending on the setting of 
the 3D video communication apparatus. 

The distinguished second region that includes the prede 
termined distance may refer to the 3D region (corresponding 
to X, y and Z axes) that corresponds to a plurality of 2D images 
530, 535, 630, 635,730, 735. 
The distinguished second region may include a plurality of 

regions, and at least one from among the second regions may 
be varied depending on the setting of the 3D communication 
apparatus. 

In an exemplary embodiment, the object detecting unit 135 
may detect an object541,546 located in the second region at 
1 m distance from the talker 10 to the direction of the 3D 
camera 120. 

With respect to the stereoscopic camera 121, the object 
detecting unit 135 may detect the object 541, 546, 641, 646 
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8 
located in the second area 531, 536, 631, 636 at 1 m distance 
based on the left-side images 530, 630 and the right-side 
images 535, 635. 

In another exemplary embodiment, layers may be divided 
from an object which is detected from the corresponding 
region. 

Referring to FIG. 6, the 3D video communication appara 
tus 100 may detect an object 641, 646 located within the 
second region 631, 636 from first layers of a plurality of 2D 
images 640, 645 with adjusted points of convergence. Fur 
ther, the 3D video communication apparatus 100 may gener 
ate second layers corresponding to the detected object 641, 
646. 

Higher efficiency of video processing may be obtained, by 
adjusting the sense of depth of the object 642, 647 that cor 
responds to the second layers. The embodiment in which 
separate layers are generated may be appropriately applicable 
to a rather complex object. 

With respect to the depth camera unit 122, the object 
detecting unit 135 may detect the object 741, 746 located in 
the second region 731, 736 at 1 m distance between the talker 
10 and the depth camera unit 122 of the plurality of 2D images 
730, 735. 
The types and sizes of the objects 541, 546,641, 646, 741, 

746 detected at the object detecting unit 135 may vary accord 
ing to the setting of the 3D video communication apparatus 
1OO. 

If the 3D camera 120 does not detect a plurality of objects, 
objects of the target may be designated by setting the 3D 
Video communication apparatus 100 accordingly. 
The transmission image generating unit 140 may generate 

second 2D images 520, 525, 620,625,720,725 by adjusting 
point of convergence with respect to the first 2D image or 
adjust the point of convergence, and generate third 2D images 
560,565, 660, 665,760,765, 10a by carrying out adjustment 
of sense of depth. 
The second 2D images may correspond to the first 3D 

talker images. Also, the third 2D images may correspond to 
the second 3D talker images. 
The generated third 3D talker images may be transmitted to 

the 3D video communication apparatus 200 of the listener 20 
via the transmitting/receiving unit 150 of the 3D video com 
munication apparatus 100 of the talker 10. 
The point of convergence may be adjusted as predeter 

mined feature points 511, 516, 611, 616,711, 716 may be 
detected from the first 2D image, and a plurality of 2D images 
510, 515, 610, 615, 710, 715 is shifted using the detected 
feature points 511, 516, 611, 616,711, 716. 

Reference numerals 520,525 of FIG. 5, 620,625 of FIG. 6, 
and 720, 725 of FIG.7 may refer to the second 2D images. 
The empty regions 522. 527, 622, 627, 722, 727 may 

appear in black. 
The point of convergence adjustment is described below 

with reference to FIG. 8B. 
Referring to FIG.8B, the first left-side images 500, 600 and 

the first right-side images 505, 605 may be captured using a 
light axis 121c of the left-side camera 121a and a light axis 
121d of the right-side camera 121b of the stereoscopic cam 
era 121. 
The preset feature points 511, 516, 611, 616 are detected 

from the first 2D images, and the point of convergence may be 
adjusted using the detected feature points 511,516, 611, 616. 

Regarding hardware, a driving unit (not illustrated) may be 
implemented, which may include a motor (not illustrated) and 
a gear train (not illustrated) to rotate the light axes corre 
sponding to the left-side camera 121a and the right-side cam 
era 121b. 
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The control unit 110 may adjust the point of convergence 
by rotating at least one of the light axis 121c of the left-side 
camera 121a and the light axis 121d of the right-side camera 
121b to a position of new light axes 121e, 121f. For example, 
only the light axis 121c of the left-side camera 121a may be 
rotated. Further, both the light axis 121c of the left-side cam 
era 121a and the light axis 121d of the right-side camera 121b 
may be rotated together. 
The sense of depth of the left-side image of the left-side 

camera 121a and that of the right-side image of the right-side 
camera 121b may be adjusted within an adjustment limit 
121c(for example, left-side camera 121a may be moved to 
121a', right-side camera may be moved to 121b') as movable 
by the left-side and right-side cameras 121a, 121b. 

If a distance between the left-side and right-side cameras 
121a, 121b increases, the disparity increases accordingly. If 
the distance between the left-side and right-side cameras 
121a, 121b decreases, the disparity decreases accordingly. 

Referring back to FIG. 1, the second 2D image may be 
stored at the storage unit 180 according to the control of the 
control unit 110. 

In another exemplary embodiment, the transmission image 
generating unit 140 may generate the second 2D image and 
the generated second 2D image may be the first 3D talker 
image displayed on the display unit 170 of the 3D video 
communication apparatus 100. 
The transmission image generating unit 140 may adjust the 

original sense of depth of the object 541, 546,641, 646, 741, 
746 detected by the object detecting unit 135 with a new sense 
of depth. 

Regarding the adjustment the sense of depth, the transmis 
sion image generating unit 140 may enlarge the detected 
object541,546,641, 646, 741,746 to a new size or shift the 
detected object 541,546,641, 646, 741, 746. 

Accordingly, the objects 541, 546, 641, 646, 741, 746 
included in the plurality of 2D images may be enlarged or 
shifted in at least one direction, as for example, in direction of 
+X axis, -X axis, +y axis, -y axis with respect to the center of 
the objects. 

In yet another exemplary embodiment, if layers are 
divided, the transmission image generating unit 140 may 
maintain the original sense of depth with respect to a plurality 
of 2D images 640, 645 corresponding to the first layers, and 
adjust to the new sense of depth regarding the objects 642, 
647 corresponding to the second layers. The detected objects 
641, 646 may be increased to a new size or shifted. 
The adjustment of the sense of depth is described below 

with reference to FIGS. 8B and 8C. 
Referring to FIG. 8C, in the stereoscopic camera 121, 

interocular distance (ID) between the left-side camera 121a 
and the right-side camera 121b may be adjusted according to 
the control of the control unit 110. Accordingly, the sense of 
depth of the left-side image of the left-side camera 121a and 
the right-side image of the right-side camera 121b may be 
adjusted within an adjustment limit 121c as movable by the 
left-side camera 121a and the right-side camera 121b. 

Adriving unit (not illustrated) may be implemented, which 
may include a motor (not illustrated) and a gear train (not 
illustrated) to adjust a distance between the left-side and 
right-side cameras 121a, 121b. 

If a distance between the left-side and right-side cameras 
121a, 121b increases, the disparity increases accordingly. If 
the distance between the left-side and right-side cameras 
121a, 121b decreases, the disparity decreases accordingly. 

Regarding the depth camera unit 122, the transmission 
image generating unit 140 may carry out adjustment of point 
of convergence and sense offeeling 760, 765 using a plurality 
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10 
of 2D images 700, 706 in a similar manner as implemented in 
the example of the stereoscopic camera 121. 
The third 2D image may be stored at the storage unit 180 

according to the control of the control unit 110. 
The stored third 2D image may be transmitted to the 3D 

Video communication apparatus 200 via the transmitting/ 
receiving unit 150. 
The 3D video communication apparatus 200 of the listener 

20 may generate an output image 10a, 20a at the output image 
generating unit 260 based on the received second 3D talker 
image and the 3D talker image which is generated by captur 
ing at the 3D camera 220, and display the output image on the 
display unit 270. 
The transmission image generating unit 140 may generate 

a third 3D talker image by using the second 3D talker image, 
and transmit the generated third 3D talker image to the trans 
mitting/receiving unit 250 of the 3D video communication 
apparatus 200 via the transmitting/receiving unit 150. The 
generated third 3D talker image 10a may be stored at the 
storage unit 180 according to the control of the control unit 
110. 
The third 3D talker image may confirm to the specification 

(e.g., size, resolution, contrastratio of the display unit 270) as 
supported by the 3D video communication apparatus 200 of 
the listener 20 using wired/wireless network. 
The third 3D talker image may be generated in accordance 

with the confirmed specification of the 3D video communi 
cation apparatus 200 of the listener 20. 
The output image generating unit 260 of the 3D video 

communication apparatus 200 of the listener 20 may directly 
display the received third 3D talker image differently from the 
current format on the display unit 270 (e.g., the output image 
may be generated as a plurality of 2D output images). 
The output image generating unit 260 may generate output 

image of the second 3D talker image using the current format, 
while the third 3D talker image may be displayed directly on 
the display unit 170, 270 as the output image 10a. 
The second and third 3D talker images generated at the 

output image generating unit 160 may be displayed on the 
reference plane of the display unit 270 of the 3D video com 
munication apparatus, and the object 920 with a new sense of 
depth may be displayed distinguishably from the reference 
plane in a direction of the listener 20 (i.e., +Z axis direction) 
with respect to the reference plane of the front-display unit 
270. 
The output image generating unit 260 may display the 

object 920 having a new sense of depth on the reference plane 
of the display unit 270 of the 3D video communication appa 
ratus 200 of the listener 20, while displaying the 3D talker 
image distinguishably from the reference plane in a direction 
opposite to the listener20 (i.e., -Z axis direction) with respect 
to the reference plane of the back-display unit 270. 

Depending on the setting of the 3D video communication 
apparatus, the transmitting/receiving unit 150 may selec 
tively transmit the stored second or third 3D talker image or 
voice to the transmitting/receiving unit 250 of the 3D video 
communication apparatus 200 of the listener 20 using wired/ 
wireless network. 
The transmitting/receiving unit 150 may encode the sec 

ond or third 3D talker image or Voice into a transmission 
format corresponding to the wired/wireless network before 
transmitting the same. 

Depending on the setting of the 3D communication appa 
ratus, the transmitting/receiving unit 150 may transmit the 
stored second or third 3D talker image or voice to the trans 
mitting/receiving unit of a plurality of 3D video communica 
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tion apparatuses of the listeners. Accordingly, one talker may 
communicate with a plurality of listeners by a 3D video 
communication. 

Depending on the setting of the 3D video communication 
apparatus 200 of the listener 20, the transmitting/receiving 
unit 150 may receive second and third 3D listener image and 
Voice corresponding to the second and third 3D talker image. 
The transmitting/receiving unit 150 may decode the encoded 
second or third 3D talker image or Voice in the transmission 
format corresponding to the wired/wireless network into the 
second or third 3D talker image or voice. 
The decoded second or third 3D talker image or voice may 

be stored at the storage unit 180. 
The transmitting/receiving unit 150 may transmit the first 

3D image stored at the storage unit 180, or the generated first 
to third 3D talker images to an external apparatus using wired/ 
wireless network according to the control of the control unit 
110. The received second and third 3D listener image may 
also be transmitted to the external apparatus. 

If the first 2D image or the generated first to third 3D talker 
images are transmitted to a computer or portable apparatus 
that includes server, the transmitted images may be stored at 
the storage unit of the computer or the portable apparatus, and 
displayed on the display unit. 
The first 2D image or the generated first to third 3D talker 

images may be edited using 2D or 3D editing program of the 
computer or portable apparatus that includes server. 

Further, if the first 2D image, or the generated first and 
second 3D talker images, or the received first and second 3D 
listener images are transmitted to an image forming appara 
tus, the transmitted images may be printed out on a recording 
medium Supported by the image forming apparatus. 
The output image generating unit 160 may generate output 

images 10a, 20a to be displayed on the display unit 170. The 
output images 10a, 20a may include the first to third 3D talker 
images generated at the transmission image generating unit 
140 or the second or third 3D listener image received at the 
transmitting/receiving unit 150. 

The output image generating unit 160 may display the 
second or third 3D talker image and the received second or 
third 3D listener image as the output images 10a, 20a on the 
display unit 170, in accordance with the size of the display 
unit 170, size (horizontalxvertical) of the talker display 
region 170a and size (horizontalxvertical) of the listener dis 
play region 170b of the display unit 170, and the position of 
display. 

Depending on the setting of the 3D video communication 
apparatus, the output image generating unit 160 may generate 
a new output image 10a or 20a in accordance with the size and 
position of display of the display unit 170, or the size of the 
talker display region 170a and position of display. 

The output image generating unit 160 may cause the third 
3D talker image and the third 3D listener image stored at the 
storage unit 180 to be displayed on the display unit 170 as an 
output image. The output image may be converted to conform 
to the size of the display unit 170, the size of the talker display 
region 170a or listener display region 170b, and the position 
of display. 

In another exemplary embodiment, the output image gen 
erating unit 160 may generate an output image 10b by using 
the second 2D image (i.e., first 3D talker image) and display 
the generated image on the talker display region 170a of the 
display unit 170. 
The output image 20b corresponding to the second and 

third 3D listener images may be displayed on the listener 
display region 170b. 
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The output image generating unit 160 may generate a 3D 

image 10a, 20a that corresponds to the glasses type or non 
glasses type as Supported by the 3D video communication 
apparatus 100. 

In an exemplary embodiment, the transmission image gen 
erating unit 140 and the output image generating unit 160 may 
be implemented as one single image generating unit (not 
illustrated). The image generating unit (not illustrated) may 
generate first to third 3D talker images. The generated first to 
third 3D talker images or received second and third 3D lis 
tener images may be generated as the output images 10a, 10b 
or output image 20a to be displayed on the display unit 170. 
The display unit 170 may display at least one of the talker 

display region 170a and the listener display region 170b. For 
example, the display unit 170 may display only the talker 
display region 170a, or only the listener display region 170b, 
or both the talker and listener display regions 170a, 170b. 
The size. Such as the size ratio 96, and the position, Such as 

upper, lower, left, right direction, of the talker or listener 
display region 170a, 170b displayed on the display unit 170 
may be set using 3D video communication item 420 on a 
menu 410 of the 3D video communication apparatus 100. 
The display unit 170 may display 3D images 10a, 10b, 20a 

corresponding to the glasses or non-glasses type as Supported 
by the 3D video communication apparatus 100. 
The setting may be applied using remote controller (not 

illustrated) or if the display unit 170 is implemented as a touch 
screen, using touch input. 
The storage unit 180 may store first to third 2D images 

according to the control of the control unit 110. Further, the 
storage unit 180 may store the first to third 3D talker images 
which are generated at the transmission image generating unit 
140. 
The storage unit 180 may store the output images 10a, 10b, 

20a displayed on the display unit 170 of the 3D video com 
munication apparatus 100. 
The storage unit 180 may be integrated with the 3D video 

communication apparatus 100 or provided separately. Fur 
ther, the storage unit 180 may include a nonvolatile memory, 
a volatile memory, a HDD or solid state drive (SSD). 
The storage unit or storage unit 180 may include ROM (not 

illustrated) or RAM (not illustrated) built in the storage unit 
180 or the control unit 110. 
The microphone 190 receives voice of the talker 10 or 

Voice from the background. 
The 3D video communication apparatus 100 may include 

at least one microphone 190 and the direction of the micro 
phone 190 may change in accordance with the location of the 
talker 10 who is moving. 
The speaker 195 may output the voice of the talker 10 or the 

voice of the listener 20 in sync with the output images 10a, 
20a, 20b displayed on the display unit 270. The 3D video 
communication apparatus 100 may include at least one 
speaker 195 and provide the talker 10 with various 3D sound 
according to the number or positions of the speakers 195. 

If the 3D video communication apparatus 200 of the lis 
tener 20 displays the object 920 of the output image 10a 
having adjusted sense of depth, the speaker 295 may provide 
the corresponding audio Such as music, thunder, or honking 
which is distinguished from the voice of the talker 10. 
At least one of the 3D camera 120 and the display unit 170 

may be separately provided from the 3D video communica 
tion apparatus 100, and the separate 3D camera 120 or the 
display unit 170 may be connected to the 3D video commu 
nication apparatus 100 by wired/wireless network. 

Ifat least one of the 3D camera 120 and the display unit 170 
is separately provided, the 3D video communication appara 
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tus 100 may include the control unit 110, the storage unit 180, 
the distance computing unit 130, the object detecting unit 
135, the transmission image generating unit 140, the trans 
mitting/receiving unit 150, the output image generating unit 
160, the microphone 290, and the speaker 295. 
The 3D video communication apparatus 200 may include 

the control unit 210, the 3D camera 220, the distance com 
puting unit 230, the object detecting unit 235, the transmis 
sion image generating unit 240, the transmitting/receiving 
unit 250, the output image generating unit 260, the display 
unit 270, the storage unit 280, the microphone 290 and the 
speaker 295. 
The functions and structures of the components 210 to 295 

of the 3D video communication apparatus 200 are similar to 
those of the components 110 to 195 of the 3D video commu 
nication apparatus 100 of the talker 10. 
The 3D camera 220 of the 3D video communication appa 

ratus 200 may capture a plurality of 2D images corresponding 
to the listener 20. The distance computing unit 230 may 
compute a distance from the 3D camera 220 to the listener 20 
based on the plurality of captured 2D images. 

Further, the 3D video communication apparatus 200 may 
detect an object located between the listener 20 and the 3D 
camera 220 by the object detecting unit 235 using the com 
puted distance. 
The 3D video communication apparatus 200 may adjust 

the point of convergence and sense of depth of the detected 
object and generate first to third 3D listener images at the 
output image generating unit 260. 

Further, the 3D video communication apparatus 200 may 
receive the voice of the listener 20 or the sound from the 
background through the microphone 290. 

The transmitting/receiving unit 250 may transmit the gen 
erated second or third 3D listener image or the voice of the 
listener to the 3D video communication apparatus 100 of the 
talker 10. Further, the transmitting/receiving unit 250 may 
receive the second or third 3D talker image or the voice of the 
talker 10 from the 3D video communication apparatus 100 of 
the talker 10. 

The second or third 3D talker image or the voice of the 
talker 10 received from the 3D video communication appa 
ratus 100 of the talker 10 may be stored at the storage unit 280. 
The output image generating unit 260 may generate the 

received second 3D talker image into an output image and 
display the generated output image on the display unit 270. 
Further, the second 3D talker image may directly displayed 
on the display unit 270. 
The output image generating unit 260 may generate the 

first to third 3D listener images into an output image and 
display the generated output image on the display unit 270. 
That is, The display unit 270 may display at least one of the 
talker display region 270a and the listener display region 
270b. For example, the display unit 270 may display only the 
talker display region 270a, or only the listener display region 
270b, or both the talker and listener display regions 270a, 
27Ob. 

If the second or third 3D talker image including an object 
with adjusted sense of depth is displayed on the display unit 
270, the 3D audio effect distinguished from the listener 20 
may be provided. 
The speaker 295 may output the voice of the talker 10 or the 

listener 20 in sync with the output image 10a, 20a, 20b 
displayed on the display unit 270. 

FIG. 2 is a flowchart provided to explain a video control 
method of a 3D video communication apparatus according to 
an exemplary embodiment. 
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14 
At operation S210, the 3D video communication apparatus 

logs on to a 3D video communication service in accordance 
with the intention of the talker 10. 
The talker 10 may log into the 3D video communication 

service by inputting his ID and password on a login screen 
displayed on the display unit 170. 
The 3D video communication apparatus may provide the 

talker 10 with a user interface screen corresponding to the 
video communication service through the display unit 170. 
When successfully completing login, the talker 10 may 

setup a setting for 3D video communication using the user 
interface Screen (not illustrated) corresponding to the video 
communication service displayed on the display unit 170. 
At operation S220, the 3D video communication apparatus 

sets the feature points of the talker 10. 
FIGS. 4A and 4B are views illustrating an example of the 

user interface Screen for setting the 3D video communication 
apparatus according to an aspect of an exemplary embodi 
ment. 

Referring to FIG. 4A, the display unit 170 of the 3D video 
communication apparatus 100 may display a menu 410 for 
the setting. 
The menu 410 may include items such as image, audio. 3D 

Video communication, or additional functions, and may dis 
play the additional items of the menu 410 in response to 
selection on a direction key 410a. 
The items on the menu 410 may vary depending on the 

functions Supported by the 3D video communication appara 
tuS 100. 

If the 3D video communication 420 is selected from the 
menu 410, a surprise function menu 430 is displayed, and a 
setting feature point screen 440 is displayed. An additional 
item of 2D video communication 420 may be added by select 
ing the direction key 430a. 
At least one of the targets for the feature points, i.e., at least 

one of the eyes, nose, lips, ears and eyebrows may be selected 
on the displayed setting feature point screen 440. For 
example, only the eyes, or both the eyes and nose, or all of the 
eyes, nose, lips, ears and eyebrows may be selected. 

However, the type and number of the feature points are not 
limited to the eyes, nose, lips, ears or eyebrows. Accordingly, 
any feature point that can be set at the 3D video communica 
tion apparatus is applicable. 
The selected feature point may be displayed on a preview 

450a on a preview region 450 for observation by the talker 10. 
By using the feature point setting 440, it is possible to 

adjust the point of convergence regarding the first 2D image 
which is captured through the 3D camera 120. 

If the direction key 44.0a is selected from the displayed 
setting feature point Screen 440, a screen for a sense of depth 
setting 460 may be displayed. 
The target of the sense of depth setting screen 460 may be 

at least one object 910 located between the talker 10 and the 
3D camera 120. 

In an exemplary embodiment, the talker 10 or the listener 
20 may provide distinguishable 3D video effect by the object 
920 which is displayed on the display unit 170, 270 with a 
new sense of depth. 
The selectable items on the sense of depth setting screen 

460 may include Auto, High (80%), Middle (50%), Low 
(30%) or Max. 

For Auto, the sense of depth may be set using at least one of 
the distance between the object 910 and the 3D camera 120, 
and the size of the object 910. 
The values 80%, 50%, 30% set for High, Middle and Low 

may be set with reference to the maximum sense of depth 
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(e.g., Max Supported by the 3D video communication appa 
ratus 100) and may vary depending on setting. 
Max may be set at the maximum sense of depth as Sup 

ported by the 3D video communication apparatus 100 and 
may vary depending on setting. 
The selected sense of depth may be displayed on the pre 

view region 450 illustrating the original sense of depth 450b 
of the object 910 and the new sense of depth 450c of the object 
910 before and after the adjustment of the sense of depth. 
The talker 10 may view the preview region 450 and add 

changes as necessary. 
Referring to FIG. 2, at operation S230, the talker 10 con 

nects to the counterpart of the video communication, i.e., to 
the listener 20 for the 3D video communication using the 3D 
Video communication apparatus 100. 
The talker 10 may select at least one listener 20 from a 

phonebook displayed on the display unit 170. 
The talker may also attempt the 3D video communication 

with the listener 20 by directly inputting a telephone number 
using a telephone key displayed on the display unit 170 by, for 
example, inputting a telephone number through a remote 
controller (not illustrated) or touching the telephone number 
on the display unit 170 if the display unit 170 has a touch 
SCC. 

The talker 10 may have 3D video communication with a 
plurality of listeners 20. 
The talker 10 may connect to a plurality of listeners 20 for 

3D video communication by selecting the listeners, based on 
a phonebook selection or directly inputting telephone num 
bers on the display unit 170. 

During the 3D video communication with one listener 20, 
the talker 10 may attempt 3D video communication with a 
second listener by selecting the second listener in the phone 
book or directly inputting telephone number on the display 
unit 170. 

If the talker 10 is connected to a plurality of listeners 20, the 
output images corresponding to the talker 10 or the plurality 
of listeners 20 may appear on the display unit 170. 

If the video communication is connected between the 
talker 10 and the listener 20, the 3D video communication 
begins. 

Referring to FIG. 2, at operation S240, the transmission 
image generating unit 140 may adjust a point of convergence 
with respect to the first 2D image which is captured through 
the 3D camera 120. 

The transmission image generating unit 140 may adjust a 
new sense of depth with respect to an object detected by the 
object detecting unit 135. 
The operation S240 of FIG. 2 is described in greater detail 

below with reference to the flowchart of FIG. 3. 
FIG. 3 is a flowchart illustrating in detail the process per 

formed at operation S240 of FIG. 2 according to an aspect of 
an exemplary embodiment. 
The operations S241 to S246 of FIG.3 are described below 

with reference to FIGS. 5 to 7. 
FIGS. 5 to 7 are views illustrating a video processing 

method of a stereoscopic camera and a depth camera unit of a 
3D video communication apparatus according to an aspect of 
an exemplary embodiment. 

Referring to FIG.5, the left-side images 500 to 560 and the 
right-side images 505 to 565 of the stereoscopic camera 121 
are illustrated. The images 510,520, 530, 540, 550, and 560 
correspond to the first left-side image 500. The images 515, 
525,535,545,555, and 565 correspond to the first right-side 
image 505. The images are divided into left-side and right 
side images in order to explain the process of FIG. 5. 
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The same may apply to the first 2D images 600, 605 of FIG. 

6 and the first 2D images 700, 706 of FIG. 7. 
Referring to FIG. 3, at operation S241, the 3D video com 

munication apparatus captures first 2D image using the 3D 
camera 120. 

For the stereoscopic camera 121, the first 2D image may 
include the first left-side image 500, 600 of the left-side 
camera 121a and the first right-side image 505, 605 of the 
right-side camera 121b each corresponding to the talker 10. 

For the depth camera unit 122, the first 2D image may 
include a left-side image 700 corresponding to the camera 
122c which captures the talker 10 and a right-side image 706 
corresponding to an imaginary 2D image 705 which is gen 
erated using the left-side image 700 and depth information 
acquired from the depth camera 122b. 
The 3D camera 120 may successively capture a plurality of 

the first 2D images for the 3D video communication. 
At operation S242 of FIG.3, a distance from the 3D camera 

120 to the talker 10 is computed using the 3D video commu 
nication apparatus. 

With respect to the stereoscopic camera 121, the distance 
computing unit 130 may compute the distance from the Ste 
reoscopic camera 121 to the talker 10 using disparity between 
the first left-side images 500, 600 and the first right-side 
images 505, 605, by using the preset feature points 511, 516, 
611, 616 of the talker 10. 
The distance using disparity between the left-side images 

and the right-side images may be computed using a variety of 
known algorithms. 

With respect to the depth camera unit 122, the distance 
computing unit 130 may compute distance from the depth 
camera 122b to the talker 10 using TOF of an IR light emitted 
from the IR sensor 122a and reflected and received at the 
depth camera 122b. 
The computed distance from the depth camera 122b to the 

talker 10 may be stored at the storage unit 180 as a separate 
lookup table. For example, the talker 10 may be recorded as 
being distanced from the depth camera unit 122 by 2 m and 
the object may be recorded as being distanced from the depth 
camera unit 122 by 1.5 m. 
At operation S243 of FIG.3, the 3D video communication 

apparatus adjusts point of convergence using the first 2D 
image corresponding to the talker 10. 

With respect to the stereoscopic camera 121, for the adjust 
ment of a point of convergence, the preset feature points 511, 
516. 611, 616 may be detected from the left-side images 510, 
610 and the right-side images 515, 615, and at least one of the 
left-side images 510, 610 and the right-side images 515, 615 
may be shifted using the detected feature points 511, 516, 
611, 616 to thus adjust the points of convergence. The direc 
tion of shift may include at least one of upward, downward, 
rightward and leftward directions. 

If the left-side images 510, 610 and the right-side images 
515, 615 are shifted, empty areas 522, 527 may appear in 
black. 

With respect to the depth camera unit 122, similarly to the 
Stereoscopic camera 121, for the adjustment of point of con 
vergence, the preset features 711, 716 may be detected from 
the left-side image 710 and the right-side image 715, and at 
least one of the left-side and right-side images 710, 715 is 
shifted using the detected feature point 711,716 to thus adjust 
the point of convergence 721, 726. 

If the left-side and right-side images 710, 716 are shifted, 
empty areas 722, 727 may appear in black. 
The adjustment of point of convergence is described below 

with reference to FIG. 8B. 
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Referring to FIG. 8B, the first left-side and right-side 
images 500, 505 may be captured using light axes 121c. 121d 
of the left-side and right-side cameras 121a, 121b of the 
Stereoscopic camera 121, respectively. 
The feature points 511,611 of the left-side images 510, 610 

and the feature points 516, 616 of the right-side images 515, 
615 may be detected and the point of convergence may be 
adjusted inhardware manner using the detected feature points 
511, 516, 611, 616. 

Regarding hardware, a driving unit (not illustrated) may be 
implemented, which may include a motor (not illustrated) and 
a gear train (not illustrated) to shift the light axes correspond 
ing to the left-side camera 121a and the right-side camera 
121b. 

For the adjustment of a point of convergence, the control 
unit 110 may adjust the lightaxes 121c. 121d to new lightaxes 
121e, 121f according to an angle determined for adjustment 
of the point of convergence. 

At operation S244 of FIG. 3, the 3D video communication 
apparatus distinguishes between the distance from the talker 
10 to the 3D camera 120, and a region of a predetermined 
distance, respectively. 
The object detecting unit 135 may distinguish between a 

first region corresponding to the talker 10 and a second region 
531, 536, 631, 636, 731, 736 including the predetermined 
distance from the talker 10 to the direction of the 3D camera 
120, respectively. 
The predetermined distance may be 1 m, for example. 

Further, the predetermined distance may vary depending on 
the setting of the 3D video communication apparatus. 

The second region that includes the predetermined dis 
tance may be a 3D region (corresponding to X, y and Z axes) 
included into a plurality of 2D images 530, 535, 630, 635, 
730, 735. 
The distinguished second region may include a plurality of 

second regions, and may vary depending on the setting of the 
3D video communication apparatus 100. 
The operation S244 to distinguish the areas of the stereo 

scopic camera 121 and the depth camera unit 122 may be 
substantially similar to each other. 
At operation S245 of FIG. 3, the 3D video communication 

apparatus detects an object located at a distance between the 
talker 10 and the 3D camera 120. 
By using the object detecting unit 135, it is possible to 

detect the objects 541,546,641, 646,741,746 included in the 
second regions 531, 536, 631, 636, 731, 736. 
The type, size or number of objects which may be detected 

by using the object detecting unit 135 is not limited. 
A plurality of objects may be detected in the distinguished 

second regions 531, 536, 631, 636, 731, 736 and the target 
object for detection may be designated by setting the 3D 
Video communication apparatus accordingly. 
The operation S235 to detect the object by the stereoscopic 

camera 121 and by the depth camera unit 122 may be sub 
stantially similar to each other. 

In another exemplary embodiment, the 3D video commu 
nication apparatus may divide layers with respect to the 
object detected in the distinguished region. 

Referring to FIG. 6, the 3D video communication appara 
tus 100 may detect the objects 641, 646 located within the 
second regions 631, 636. The 3D video communication appa 
ratus 100 may generate second layers 642, 647 corresponding 
to the detected objects 641, 646. 
By adjusting a sense of depth of the objects 642, 647 

corresponding to the second layers, a higher efficiency of 
Video processing may be obtained. As explained above, an 
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embodiment of generating a separate layer may be suitable 
for an example of a rather complex object. 
At operation S246 of FIG.3, the 3D video communication 

apparatus adjusts the original sense of depth of the objects 
541, 546,641, 646, 741, 746 to new senses of depth. 

Regarding the adjustment of the sense of depth, the trans 
mission image generating unit 140 may shift or enlarge the 
detected objects 541,546,641, 646, 741, 746 to new sizes. 
The objects 551, 556, 651, 656, 751, 756 included in the 

left-side and right-side images 550, 650, 750, and 555, 655, 
755 may be enlarged in at least one direction (e.g., +X, -X, +y, 
-y axes with respect to the object), or shifted in at least one 
direction. 
A third 2D image 560, 565, 660, 665, 760, 765 may be 

generated when the adjustment of the sense of depth is com 
pleted. 
The third 2D left-side and right-side images 560, 660, 750 

and 565, 665, 765 with the adjusted sense of depth may be 
generated by overwriting with the result of the new sense of 
depth adjustment regarding the first 2D left-side and right 
side images 500, 600, 700 and 505,605,705 captured through 
the 3D camera 120 or saving the result of the new sense of 
depth adjustment with new names. 
The difference of the adjustment of the sense of depth may 

be confirmed by comparing the object of the third 2D image 
with the object of the second 2D image. 
The difference of the adjustment of the sense of depth 

provides the listener 20 at video communication using the 3D 
video communication apparatus 200 with a differentiated 3D 
video effect. 

Hardware is described below with reference to FIGS. 8B 
and 8C. 

Referring to FIGS. 8B and 8C, for the stereoscopic camera 
121, interocular distance (ID) between the left-side camera 
121a and the right-side camera 121b may be adjusted accord 
ing to the control of the control unit 110. 
The sense of depth of the left-side image of the left-side 

camera 121a and that of the right-side image of the right-side 
camera 121b may be adjusted within an adjustment limit 121c 
as movable by the left-side and right-side cameras 121a, 
121b. 

Regarding hardware, a driving unit (not illustrated) may be 
implemented, which may include a motor (not illustrated) and 
a gear train (not illustrated) to adjust the distance between the 
left-side camera 121a and the right-side camera 121b. 

If a distance between the left-side and right-side cameras 
121a, 121b increases, the disparity increases accordingly. If 
the distance between the left-side and right-side cameras 
121a, 121b decreases, the disparity decreases accordingly. 

In other exemplary embodiments, the transmission image 
generating unit 140 maintains the original sense of depth for 
the first layers, and adjusts to a new sense of depth regarding 
objects 642, 647 corresponding to the second layers. 

Adjustment of the sense of depth may include shifting or 
enlarging of the detected objects 641, 646. 
The operation S250 of FIG.2 proceeds when the operation 

S236 to adjust the sense of depth is competed. 
Accordingly, at operation S250 of FIG. 2, the 3D video 

communication apparatus generates a 3D transmission 
image. 
The second or third 3D talker image may be transmitted to 

the 3D video communication apparatus 200 of the listener 20 
via the transmitting/receiving unit 150. 
The third 3D talker image 10a may be directly displayed on 

the display unit 270 of the 3D video communication appara 
tus 200 of the listener 20. 
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At operation S260 of FIG. 2, the 3D video communication 
apparatus transmits the 3D talker transmission image and 
receives 3D listener image. 

Depending on a setting of the 3D video communication 
apparatus, the second or third 3D talker image and Voice of 
the talker 10 may be converted into a transmission format 
corresponding to wired/wireless network and selectively 
transmitted to the transmitting/receiving unit 250 of the 3D 
video communication apparatus 200 of the listener 20. 

Depending on a setting of the 3D video communication 
apparatus, the transmitting/receiving unit 150 may receive 
from the transmitting/receiving unit 250 of the 3D video 
communication apparatus 200 of the listener 20 the second 
3D listener image (not illustrated) corresponding to the sec 
ond 3D talker image or the third 3D listener image 20a cor 
responding to the third 3D talker image, and the voice of the 
listener 20. 
The transmitting/receiving unit 150 may decode the sec 

ond or third 3D talker image or voice, which was converted 
into a transmission format corresponding to the wired/wire 
less network, into second or third 3D listener image or voice. 
The decoded second or third 3D talker image or voice may 

be stored at the storage unit 180. 
The transmitting/receiving unit 150 may transmit the first 

2D image stored at the storage unit 180 or generated first to 
third 3D talker images to an external apparatus (not illus 
trated) using wired/wireless network. 

The received second 3D listener image (not illustrated) or 
the third 3D listener image 20a, and the voice of the listener 
20 may be stored at the storage unit 180 according to the 
control of the control unit 110. 
At operation S270 of FIG. 2, the 3D video communication 

apparatus may generate an output image and display it on the 
display unit 170. 
The output image generating unit 160 may generate output 

images 10a, 10b, 20a to be displayed on the display unit 170. 
The output images 10a, 10b, 20a may include the first and 

third 3D talker images generated at the transmission image 
generating unit 140 or the second and third 3Dlistener images 
received at the transmitting/receiving unit 150. 

Depending on a setting of the 3D video communication 
apparatus, the output image generating unit 160 may display 
the first and second 3D talker images and the received first and 
second 3D listener images as the output images 10a, 20a in 
accordance with the size of the display unit 170, size (hori 
Zontalxvertical) and location of the talker display region 170a 
and size (horizontalxvertical) and location of the listener 
display region 170b of the display unit 170. 

Since the second 3D talker image or the second 3D listener 
image has already been generated as the output image, the 
above image may be displayed on the display unit 170 in 
accordance with the size of the display unit 170, size (hori 
Zontalxvertical) and location of the talker display region 170a 
and size (horizontalxvertical) and location of the listener 
display region. 

In another exemplary embodiment, the output image gen 
erating unit 160 may generate the output image 10b using the 
second 2D image (i.e., first 3D talker image) and display the 
generated image 10b on the listener display region 170a. 

At operation S280 of FIG. 2, the 3D video communication 
apparatus determines if the video communication is finished. 

Determining if the video communication of the 3D video 
communication apparatuses 100, 200 is finished may be per 
formed by receiving an input corresponding to ending of 
video communication by the talker 10 or the listener 20. 
Alternatively, whether the video communication is finished 
may be determined based on a disconnection state of wired/ 
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wireless network between the 3D video communication 
apparatus 100 of the talker 10 and the 3D video communica 
tion apparatus 200 of the listener 20. 

If the 3D video communication apparatuses 100, 200 
receive an input corresponding to an ending of the video 
communication from the talker 10 or the listener 20, the 3D 
video communication apparatuses 100, 200 may notify the 
same to the counterpart 3D video communication apparatuses 
100, 200. 

If the video communication is not finished, the operation 
proceeds to operation S240 to continue video communica 
tion. If the video communication is finished, the process 
proceeds to operation S290. 
At operation S290 of FIG. 2, the 3D video communication 

apparatus logs out from the video communication service. 
The 3D video communication apparatus 100 receives a 

talker's logout input regarding the video communication Ser 
Vice and accordingly logs out and finishes the operation. 

FIG. 9 illustrates an example of displaying the result of 
Video processing at the 3D video communication apparatus of 
the talker 10 on the 3D video communication apparatus of the 
listener 20, according to an exemplary embodiment. 

Referring to FIG. 9, the 3D video communication appara 
tus 100 for 3D video communication may capture the first 2D 
image of the talker 10 using the 3D camera 120. 

Using the captured first 2D image, the 3D video commu 
nication apparatus 100 of the talker 10 may carry out a video 
processing including adjustment of point of convergence or 
sense of depth regarding an object 910 located (at a distance 
(d1-d2) between the talker 10 and the 3D camera 120. 

Although the display unit 170 shows the listener display 
region 170b larger than the talker display region 170a, the 
size or the location of the talker or listener display region 
170a, 170b may vary depending on setting. 
The transmitting/receiving unit 150 of the 3D video com 

munication apparatus 100 of the talker 10 transmits the sec 
ond or third 3D talker image to the transmitting/receiving unit 
250 of the 3D video communication apparatus 200 using the 
wired/wireless network, and the 3D video communication 
apparatus of the listener 20 may store the received second and 
third 3D talker images at the storage unit 280. 
The 3D video communication apparatus 200 of the listener 

20 may display the output image 10a generated using the 
second 3D talker image or the third 3D talker image 10a. 

In the output image 10a displayed on the display unit 270, 
the object 920 with the adjusted sense of depth may provide 
the feeling as if the object 920 is located before the listener 20 
at a distance (d3-d4) between the listener 20 and the 3D 
camera 220. 

In the 3D video communication apparatus 200 of the lis 
tener, the distance (d4) between the 3D camera 220 and the 
object 920 is generated by the adjustment of the depth of the 
3D video communication apparatus 100 of the talker 10. 
The distance (d3-d4) between the object 920 and the lis 

tener20 is decreased to be narrower than the distance (d1-d2) 
between the object 910 and the talker 10, and thus it may be 
felt as if the object is closer to the listener 20. 
The listener 20 may feel strong differentiated 3D video 

effect due to the object 920 with the new sense of depth (d4) 
displayed on the display unit 270 of the 3D video communi 
cation apparatus 200 of the listener 20. 
The 3D video communication apparatus 200 of the listener 

20 may compute a distance (d3) between the listener 20 and 
the 3D camera 220. The distance (d3) between the listener 20 
and the 3D camera 220 may be substantially identical to or 
smaller than the distance (d4) between the object 920 with the 
adjusted sense of depth and the 3D camera 220. 
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In the above example, the 3D video communication appa 
ratus 200 of the listener 20 may notify the listener 20 to 
increase the distance (d3) to the 3D camera 220 through the 
display unit 270 or the speaker 295. 

Further, the output image 10a may be displayed on a ref 
erence plane of the display unit 270 of the 3D video commu 
nication apparatus 200 of the listener 20, and the object 920 
with the new sense of depth may be displayed on a front side 
with reference to the reference plane (i.e., in a direction of the 
listener 20 on the reference plane of the display unit 270 (+Z 
axis direction)) distinguishably from the 3D talker image 10a. 

Further, the object 920 with the adjusted new sense of 
depth may be displayed on the reference plane of the display 
unit 270 of the 3D video communication apparatus 200 of the 
listener 20, and the output image 10a may be displayed on a 
back side of the reference plane (i.e., direction opposite to the 
listener 10 on the reference plane of the display unit 270 (-Z 
axis direction)) distinguishably from the 3D talker image 10a. 

Methods according to exemplary embodiments may be 
implemented in the form of program commands to be 
executed through a variety of computing means and recorded 
on a computer-readable medium. The computer-readable 
medium may include program command, data file, or data 
structure singularly or in combination. The program com 
mand recorded on said medium may be designed and con 
structed specifically for the embodiment, or those which are 
known and available among those skilled in the computer 
Software area. 
The foregoing exemplary embodiments and advantages are 

merely exemplary and are not to be construed as limiting. The 
present teaching can be readily applied to other types of 
apparatuses. Also, the description of the exemplary embodi 
ments is intended to be illustrative, and not to limit the scope 
of the claims, and many alternatives, modifications, and 
variations will be apparent to those skilled in the art. 

What is claimed is: 
1. A three dimensional (3D) video communication method 

comprising: 
acquiring a plurality of two dimensional (2D) images cor 

responding to a talker, by using a 3D camera; 
detecting an object located between the talker and the 3D 

camera using the acquired plurality of 2D images; 
Scaling an original sense of depth of the detected object to 

a new sense of depth relative to the talker; and 
generating a 3D talker image including the object with the 
new sense of depth relative to the talker and transmitting 
the 3D talker image to a 3D video communication appa 
ratus of a listener. 

2. The 3D video communication method of claim 1, further 
comprising 

setting the feature point of the talker, wherein the feature 
point comprises at least one of eyes, nose, lips, ears, and 
eyebrows of the talker. 

3. The 3D video communication method of claim 1, further 
comprising: 

receiving a 3D listener image from the 3D video commu 
nication apparatus of the listener, and 

displaying the 3D listener image or the 3D talker image on 
a display unit. 

4. The 3D video communication method of claim 1, 
wherein the 3D camera comprises at least one of a stereo 
scopic camera and a depth camera unit. 

5. The 3D video communication method of claim 1, further 
comprising computing a distance between the 3D camera and 
the talker, by using disparity or depth information of the 
plurality of 2D images. 
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6. The 3D video communication method of claim 1, further 

comprising: 
displaying the 3D talker image on a reference plane of a 

display unit of the 3D video communication apparatus 
of the listener; and 

displaying the object having the new sense of depth on a 
front side of the reference plane in a positive Z axis 
direction distinguishably from the 3D talker image. 

7. The 3D video communication method of claim 1, further 
comprising: 

displaying the object having the new sense of depth on a 
reference plane of a display unit of the 3D video com 
munication apparatus of the listener, and 

displaying the 3D talker image on a back side of the refer 
ence plane in a negative Z axis direction distinguishably 
from the object with the new sense of depth. 

8. The 3D video communication method of claim 1, 
wherein the adjusting comprises: 

shifting a left-side image and a right-side image acquired 
from one of a stereoscopic camera and a depth camera 
unit using the feature point, or 

rotating at least one of a light axis of a left-side camera and 
a light axis of a right-side camera of the stereoscopic 
CaCa. 

9. The 3D video communication method of claim 1, 
wherein the Scaling comprises: 

enlarging or shifting the object detected in a left-side image 
and the object detected in a right-side image acquired 
from one of a stereoscopic camera and a depth camera 
unit, or 

adjusting at least one distance among a light axis of a 
left-side camera and a light axis of a right-side camera of 
the stereoscopic camera. 

10. The 3D video communication method of claim 1, 
wherein the scaling comprises enlarging, by adding a prede 
termined ratio corresponding to a size of the object detected in 
a left-side image and a size of the object detected in a right 
side image acquired by one of a stereoscopic camera and a 
depth camera unit, or 

enlarging the detected object of the left-side image and the 
detected object of the right-side image to a predeter 
mined size. 

11. The 3D video communication method of claim 1, 
wherein the 3D camera is integrally formed in a 3D video 
communication apparatus of the talker. 

12. The 3D video communication method of claim 1, fur 
ther comprising 

adjusting a point of convergence of the plurality of 2D 
images using a feature point of the talker. 

13. A three dimensional (3D) video communication 
method comprising: 

acquiring a plurality of two dimensional (2D) images cor 
responding to a talker, by using a 3D camera; 

detecting an object located between the talker and the 3D 
Camera, 

Scaling an original sense of depth of the detected object to 
a new sense of depth relative to the talker; 

transmitting a second 3D talker image containing the 
object with the new sense of depth relative to the talker 
to a 3D video communication apparatus of a listener; 
and 

receiving a 3D listener image from the 3D video commu 
nication apparatus of the listener and displaying the first 
3D talker image or the 3D listener image containing the 
object with the original sense of depth on a display unit. 
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14. The 3D video communication method of claim 13, 
further comprising computing a distance between the 3D 
camera and the talker. 

15. The 3D video communication method of claim 13, 
further comprising 

generating a first 3D talker image by adjusting a point of 
convergence of the plurality of 2D images using a fea 
ture point of the talker. 

16. A three dimensional (3D) video communication 
method comprising: 

acquiring a plurality of two dimensional (2D) images cor 
responding to a talker, by using a 3D camera; 

distinguishing between a first region corresponding to the 
talker and a second region between the talker and the 3D 
Camera, 

detecting an object located between the talker and the 3D 
camera in the second region; 

Scaling an original sense of depth of the detected object to 
a new sense of depth relative to the talker; and 

generating a 3D talker image including the object with the 
new sense of depth relative to the talker. 

17. The 3D video communication method of claim 16, 
wherein the detecting the object between the talker and the 3D 
camera comprises dividing the detected object into separate 
layers. 

18. The 3D video communication method of claim 16, 
further comprising: 

transmitting the 3D talker image to a 3D video communi 
cation apparatus of a listener, 

receiving a 3D listener image from the 3D video commu 
nication apparatus of the listener; and 

displaying the received 3D listener image or the 3D talker 
image on a display unit. 

19. The 3D video communication method of claim 18, 
further comprising: 

displaying the 3D talker image on a reference plane of the 
display unit, and displaying the object with the new 
sense of depth on a front side of the reference plane in a 
positive Z axis direction distinguishably from the 3D 
talker image, or 

displaying the object with the new sense of depth on the 
reference plane of the display unit, and displaying the 
3D talker image on a back side of the reference plane in 
a negative Z axis direction distinguishably from the 
object with the new sense of depth. 

20. The 3D video communication method of claim 16, 
further comprising computing a distance between the 3D 
camera and the talker. 

21. The 3D video communication method of claim 16, 
wherein the 3D camera comprises at least one of a stereo 
scopic camera and a depth camera unit. 

22. The 3D video communication method of claim 16, 
further comprising 

adjusting a point of convergence of the plurality of 2D 
images using a feature point of the talker. 

23. A three dimensional (3D) video communication system 
comprising a display unit which displays a 3D image, the 3D 
Video communication system comprising: 

a storage unit; and 
a control unit which controls the 3D camera and the storage 

unit, wherein the control unit, detects an object located 
between the talker and the 3D camera, Scales an original 
sense of depth of the detected object to a new sense of 
depth relative to the talker, and generates a 3D talker 
image including the object with the new sense of depth 
relative to the talker from the plurality of 2D images. 
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24. The 3D video communication system of claim 23, 

further comprising: 
a transmitting/receiving unit which transmits the 3D talker 

image to a 3D video communication apparatus of a 
listener during video communication with the listener, 
and receives a 3D listener image from the 3D video 
communication apparatus of the listener, 

wherein the display unit displays the 3D talker image or the 
received 3D listener image. 

25. The 3D video communication system of claim 23, 
wherein the display unit displays a user interface (UI) screen 
to set a feature point of the talker and the feature point is 
inputted using the UI screen. 

26. The 3D video communication system of claim 23, 
wherein the control unit computes a distance between the 3D 
camera and the talker using the plurality of 2D images and 
detects the object using the computed distance. 

27. The 3D video communication system of claim 23, 
wherein the control unit adjusts a point of convergence of 

a plurality of two dimensional (2D) images using a fea 
ture point of a talker. 

28. A three dimensional (3D) video communication system 
comprising a display unit which displays a 3D image, the 3D 
Video communication system comprising: 

a 3D camera which acquires a plurality of two dimensional 
(2D) images corresponding to a talker; 

a storage unit; and 
a control unit which controls the 3D camera and the storage 

unit, wherein the control unit distinguishes between a 
first region corresponding to the talker and a second 
region between the talker and the 3D camera, detects the 
object in the second region, Scales an original sense of 
depth of the detected object to a new sense of depth 
relative to the talker, and generates a 3D talker image 
including the object with the new sense of depth relative 
to the talker from the plurality of 2D images. 

29. The 3D video communication system of claim 28, 
further comprising: 

a transmitting/receiving unit which transmits the 3D talker 
image to a 3D video communication apparatus of a 
listener during video communication with the listener, 
and receives a 3D listener image from the 3D video 
communication apparatus of the listener, 

wherein the display unit displays the 3D talker image or the 
3D listener image. 

30. The 3D video communication system of claim 28, 
wherein the control unit computes a distance between the 3D 
camera and the talker using the plurality of 2D images and 
detects the object using the computed distance. 

31. The 3D video communication system of claim 28, 
wherein the control unit adjusts a point of convergence of 

the plurality of 2D images using the feature point of the 
talker. 

32. A three dimensional (3D) video communication system 
comprising a display unit which displays a 3D image, the 3D 
Video communication system comprising: 

a transmitting/receiving unit which receives a 3D talker 
image including a first object with an adjusted sense of 
depth: 

a storage unit which stores the 3D talker image including 
the first object with the adjusted sense of depth: 

a control unit which controls the transmitting/receiving 
unit and the storage unit, and 

a 3D camera which acquires a plurality of two dimensional 
(2D) images corresponding to a listener, 

wherein the control unit: 
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controls generating an output image by using the 3D 
talker image including the first object with the stored 
adjusted sense of depth relative to the talker, and 
controls displaying the generated output image on the 
display unit; 5 

adjusts a point of convergence of the plurality of 2D 
images using a feature point of the listener, 

detects a second object located between the listener and 
the 3D camera using the acquired plurality of 2D 
images, 10 

Scales an original sense of depth of the detected second 
object into a new sense of depth relative to the listener, 

generates a 3D listener image including the second 
object with the new sense of depth relative to the 
listener from a plurality of 2D images, and 15 

transmits the generated 3D listener image to a 3D video 
communication of a talker using the transmitting/re 
ceiving unit. 

33. The 3D video communication system of claim 32, 
wherein: 2O 

the 3D talker image is displayed on a reference plane of the 
display unit of a 3D video communication apparatus of 
the listener and the first object with the adjusted sense of 
depth is displayed on a front side of the reference plane 
in a positive Z axis direction distinguishably from the 3D 25 
talker image, or 

the first object with the adjusted sense of depth is displayed 
on the reference plane of the display unit, and the 3D 
talker image is displayed on a back side of the reference 
plane in a negative Z axis direction distinguishably from 30 
the first object with the adjusted sense of depth. 

k k k k k 
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