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Description
Technical Field

[0001] The present invention relates to encoding and
decoding video, and more particularly, to encoding multi-
view video using camera parameters and generating
multi-view video using camera parameters.

Background Art

[0002] Video encoding using the Moving Picture Ex-
perts Group Layer 4 (MPEG-4) and H.264 standards in-
volves encoding video captured by a cameraand focuses
mainly on an increase in the efficiency of encoding. How-
ever, in the fields of realistic communications or virtual
reality, a scene is captured by several cameras to form
a three-dimensional (3D) multi-view video. Thus, a meth-
od of effectively compress-encoding and reproducing a
multi-view video that is formed is necessary.

[0003] A conventional multi-view encoding method is
disclosed in U.S. Patent Application Publication No.
2004/0027452A1.

[0004] XP008022007 discloses an overview of tech-
niques that ISO Moving Pictures Experts Group (MPEG)
has defined in the MPEG-2 and MPEG-4 standards, or
that can be applied in the context of these standards.
Section 2.1 discloses the MPEG-2 multiview profile which
defines a syntax extension for MPEG-2, which provides
the ability to encode parameters of the acquisition cam-
eras, like orientation, position, size of image plane and
focal length.

Disclosure of Invention
Technical Problem

[0005] However, conventional methods of compress-
encoding and reproducing video are related to compress-
encoding and reproducing video taken by a camera, and
therefore it is difficult to apply such methods to multi-view
video.

Technical Solution

[0006] The present invention provides a method for
generating multi-view video using camera parameters as
defined by the claims.

[0007] The presentinvention also provides a computer
readable recording medium storing a program for exe-
cuting the above methods.

[0008] According to one aspect of the present inven-
tion, there is provided a method of encoding multi-view
video, the method including receiving a plurality of video
data from at least one multi-view camera; determining
whether each of the plurality of the video data which is
received includes camera parameters in predetermined
video units; and adaptively encoding each of the plurality
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of the video data in the predetermined
Advantageous Effects

[0009] As described above, according to aspects of
the present invention, video is adaptively encoded ac-
cording to whether the video has the camera parameters
and whether the camera parameters are reliable, thereby
increasing the efficiency of video compression. Also, in-
termediate-view frames are adaptively generated ac-
cording to camera parameter information included in an
input bitstream, thereby improving the quality of video to
be displayed.

Description of Drawings

[0010] The above and other aspects of the present in-
vention willbecome more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1 illustrates positions of cameras for obtaining
multi-view video;

FIG. 2 illustrates videos captured by a plurality of
cameras according to time;

FIG. 3 is a diagram illustrating spatial-temporal pre-
diction coding used in exemplary embodiments of
the present invention;

FIG. 4 is a block diagram of an apparatus for encod-
ing multi-view video according to an exemplary em-
bodiment of the present invention;

FIG. 5is aflowchartillustrating a method of encoding
multi-view video according to an exemplary embod-
iment of the present invention;

FIG. 6 is a block diagram of an apparatus for encod-
ing multi-view video according to another exemplary
embodiment of the present invention;

FIG. 7isaflowchartillustrating a method of encoding
multi-view video according to another exemplary
embodiment of the present invention;

FIG. 8 is a block diagram of an apparatus for decod-
ing multi-view video according to an exemplary em-
bodiment of the present invention;

FIG. 9 is a diagram illustrating a method of generat-
ing intermediate-view video according to an exem-
plary embodiment of the present invention;

FIG. 10 is a diagram illustrating a method of gener-
ating intermediate-view video according to another
exemplary embodimentofthe presentinvention; and
FIG. 11 is a flowchart illustrating a method of decod-
ing multi-view video using an apparatus for decoding
the multi-view video according to an exemplary em-
bodiment of the present invention.

Mode for Invention

[0011] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
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ence to the accompanying drawings.

[0012] FIG. 1illustrates positions of a plurality of cam-
eras installed for receiving and encoding multi-view video
in a one-dimensional line. In exemplary embodiments of
the present invention, it is assumed that cameras are
installed in a two-dimensional (2D) arrangement along
an i-axis and a j-axis. However, a case where cameras
are installed one-dimensionally, i.e., when i = 0, will first
be described.

[0013] FIG. 2 is a coordinate system used to organize
frames captured by a plurality of cameras according to
time. In FIG. 2, a frame captured by a predetermined
camera at a predetermined instant of time is indicated
with f(i,j,t). Here, i and j denote positions of a camera,
and tdenotes time. Referring to FIGS. 1 and 2, the cam-
eras are installed in a one-dimensional line, thatis, i =0
for all of the cameras. For instance, f(0,0,0) denotes a
first frame captured by a central camera.

[0014] FIG. 3 is adiagram illustrating spatial-temporal
prediction coding used in exemplary embodiments of the
present invention. Referring to FIG. 3, frame (0,0,2),
which is a frame captured by the central camera can be
encoded with reference to adjacent frames f(0,-1,2), f(0,-
1,1), f(0,0,1), f(0,1,1), and f(0,1,2). The spatial-temporal
prediction coding allows more frames to be referred to
during the coding, thereby improving the quality of a re-
produced video.

[0015] FIG. 4 is a block diagram of an apparatus for
encoding multi-view video according to an exemplary
embodiment of the present invention. The apparatus in-
cludes a camera parameters detector 420, a multi-view
video encoder 440, and a camera parameter information
inserting unit 460.

[0016] The camera parameters detector 420 detects
camera characteristics information, e.g., camera param-
eter information, regarding each frame from video data
received from a plurality of cameras. The camera param-
eters may be divided into intrinsic parameters and extrin-
sic parameters.

[0017] The intrinsic parameters include a focal length,
a principal point, pixel width and height, a skew angle,
the numbers of horizontal and vertical pixels ona camera
sensor, a radial distortion coefficient, and a tangential
distortion coefficient. The extrinsic parameters include
location information of a camera, such as the coordinates
of the camera in a world coordinate system, and a radian
or an angle on coordinates x, y, and z.

[0018] The camera parameters detector 420 detects
whether each frame of the input multi-view video has the
camera parameters and transmits the result of detection
to the multi-view video encoder 440.

[0019] Since some of the plurality of cameras forming
the multi-view video may not transmit the camera param-
eters, whether the camera parameters exist must be de-
termined. When video inputfrom a camera does nothave
the camera parameters, it is impossible to interpolate
multi-view video (i.e., intermediate-view video) using the
input video when encoding adjacent videos.
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[0020] For example, referring to FIG. 3, if a frame
f(0,0,1) has the camera parameters but a frame f(0,-1,1)
does not have the camera parameters, it is impossible
to interpolate a frame f(0,-1/2,1) between the frames
f(0,0,1) and f(0,-1,1) using the frames f(0,0,1) and f(0,-
1,1). In this case, when a frame f(0,-2,1) has the camera
parameters, the frame f(0,-1/2,1) must be interpolated
using the frames f(0,0,1) and f(0,-2,1).

[0021] Determining whether the camera parameters
exist in each video may also be useful for encoding video
data, which will later be described.

[0022] Accordingly, a process of detecting whether the
camera parameters exist in each of the videos input from
n cameras used to capture multi-view video is required.
[0023] In the present exemplary embodiment, it is as-
sumed that the camera parameters are included in slice
headers in units of slices of input video, and whether the
camera parameters are included in the slice header of
the input video is determined. Alternatively, the camera
parameters may be included in a position other than the
slice header of the input video in units of other than slices,
e.g., in units of macro blocks.

[0024] The multi-view video encoder 440 encodes
each input frame according to whether there is camera
parameter information of each input frame. For instance,
when all the frames (0,-1,1), f(0,0,1), and f(0,1,1) illus-
trated in FIG. 3 have the camera parameters, the frame
f(0,0,1) can be reproduced by interpolation using a de-
coder (not shown) based on the adjacent frames f(0,-1,1)
and f(0,1,1). Thus, it is possible to skip compressing the
frame f(0,0,1), skip transmitting the result of compressing
the frame f(0,0,1), orto compress and transmit difference
data obtained from a difference between the frame
f(0,0,1) and an interpolation frame f(0,0,1) obtained by
interpolating the frame f(0,0,1) using the adjacent frames
f(0,-1,1) and f(0,1,1).

[0025] According to the present exemplary embodi-
ment, itis possible to selectively skip compressing multi-
view video that can be interpolated by the decoder, skip
transmitting the compressed video, or to compress and
transmit a difference between a current frame and inter-
polation video, thereby increasing the efficiency of video
compression without degrading video quality.

[0026] The camera parameter information inserting
unit 460, which may additionally be included in the
present exemplary embodiment, inserts the camera pa-
rameter information that indicates whether each video
has the camera parameters, into a predetermined point
of a bitstream encoded by the multi-view video encoder
440.

[0027] According to the present exemplary embodi-
ment, the camera parameter information is a 1-bit
Camera_Parameter_Existing_Flag that is inserted as a
syntax element into a slice header of each video in units
of slices. The encoded bitstream into which the camera
parameter information is inserted is transmitted to the
decoder.

[0028] Alternatively, it is possible to insert the camera
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parameter information in units of macro blocks, and
transmit the camera parameter information as additional
information separated from information regarding the vid-
eo.

[0029] FIG. 5is a flowchart illustrating a method of en-
coding multi-view video using the apparatus of FIG. 4
according to an exemplary embodiment of the present
invention. Referring to FIG. 5, a plurality of video data
are received from an at least one multi-view camera (op-
eration 520).

[0030] Next, whether a current frame and adjacent
frames have camera parameters is determined (opera-
tion 540).

[0031] Next, adaptive encoding is performed on a cur-
rent frame according to whether the current frame and
the adjacent frames have the camera parameters (oper-
ation 560). If the current frame does not have the camera
parameters, the current frame is encoded for compres-
sion. If the current frame has the camera parameters,
then whether the adjacent frames have the camera pa-
rameters is determined. When the adjacent videos have
the camera parameters, adaptive encoding is performed
on the current frame on the basis of the adjacent frames
using the multi-view video encoder 440.

[0032] Next, information indicating whether the cam-
era parameters exist in an adjacent frame is added to
the encoded current frame (operation 580). Operation
580 is optional.

[0033] Operations 560 and 580 will now be described
in greater detail with reference to FIG. 3. If the current
frame f(0,0,1) and the adjacent frames f(0,-1, 1) and (0,
1, 1) illustrated in FIG. 3 have the camera parameters,
the camera parameters of the current frame (0,0,1) are
transmitted without encoding the current frame f(0,0,1).
A camera parameter flag indicating that the current frame
(0,0,1) has the camera parameters is inserted into a bit-
stream, e.g., into a slice header, to be transmitted. In this
case, the current frame f(0,0,1) is reproduced by decod-
ing the current frame (0,0,1) using its camera parame-
ters, the adjacent frames (0,-1,1) and f(0,1,1), and the
camera parameters of the adjacent frames f(0,-1,1) and
f(0,1,1).

[0034] Alternatively, when the adjacent frames f(0,-
1,1) and f(0,1,1) have the camera parameters, only the
camera parameters of the current frame (0,0,1), and a
difference between the current frame (0,0,1) and inter-
polation frame f(0,0,1) obtained by interpolating the cur-
rent frame f(0,0,1) using the adjacent frames f(0,-1,1)
and f(0, 1,1) are transmitted. Similarly, a camera param-
eter flag indicating that the camera parameters of the
current frame f(0,0,1) exist is inserted into a bitstream to
be transmitted. In this case, the current frame f(0,0,1) is
reproduced by decoding the current frame f(0,0,1) using
its camera parameters, the difference and the adjacent
frames f(0,-1,1) and f(0,1,1) and their camera parame-
ters.

[0035] When only one of the frames closest to the cur-
rent frame has the camera parameters, it is possible to
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transmit only the camera parameters of the current frame
f(0,0,1) without encoding the current frame f(0,0,1). In
this case, when reproducing the current frame (0,0,1),
the currentframe f(0,0,1)is decoded using its camera pa-
rameters, the closest frame having the camera parame-
ters, and the camera parameters of the closet videos.
Further, the current frame f(0,0,1) can be reproduced us-
ing a nearby frame, e.g., frame (0,-1,2), which has the
camera parameters and is close to an adjacent frame
that does not have the camera parameters, and the cam-
era parameter of the nearby frame. The current frame
(0,0,1) may be reproduced based on the frame (0,-1,2)
when the frame f(0,-1,2) is a P frame and the current
frame f(0,0,1) is a B frame based on the frame (0,-1,2).
[0036] FIG. 6 is a block diagram of an apparatus for
encoding multi-view video according to another exem-
plary embodiment of the present invention. The appara-
tus includes a camera parameters detector 620, a cam-
era parameter reliability determination unit 640, a multi-
view video encoder 660, and a camera parameter infor-
mation inserting unit 680.

[0037] The operation of the camera parameters detec-
tor 620 is the same as that of the camera parameters
detector 420 of FIG. 4.

[0038] The camera parameter reliability determination
unit 640 determines whether the camera parameters of
a frame are reliable when the camera parameters are
determined to exist in the frame by the camera parame-
ters detector 620. In the present exemplary embodiment,
when camera zooming and panning are used in capturing
the video, the camera parameters of the video are deter-
mined to be unreliable. Alternatively, the reliability of the
camera parameters may be determined by predeter-
mined conditions, e.g., camera tilting, a change in cam-
era position, and a change in a focal length, in addition
to camera zooming and panning.

[0039] If all the frames (0,-1,1), f(0,0,1), and f(0,1,1)
have reliable camera parameters, the frame (0,0,1) can
be reproduced by a decoder by interpolation using the
adjacent frames f(0,-1,1) and f(0,1,1). Therefore, the
frame (0, 0, 1) may not be encoded, the result of encod-
ing the frame f(0, 0, 1) may not be transmitted, or the
frame f(0,0,1) and difference between the frame f(0,0,1)
and the interpolation frame (0,0,1) obtained by interpo-
lating the frame f(0,0,1) using the adjacent frames f(0,-
1,1)and f(0,1,1) may be encoded and transmitted. In this
case, even if the frame (0,0,1) is not transmitted, the
camera parameters of the frame f(0,0,1) must be trans-
mitted to the decoder to reproduce the frame (0,0,1).
[0040] On the other hand, if all the frames f(0,-1,1),
f(0,0,1), andf(0,1,1) have the camera parameters but the
camera parameters are not reliable for frame f(0,-1,1)
due to use of camera zooming or panning, for example,
in capturing frame f(0,-1,1), frame f(0,0,1) cannot be re-
produced from the adjacent frames f(0,-1,1) and f(0,1,1)
by the decoder. Accordingly, the frame f(0,0,1) must be
compressed and transmitted, or a difference between
the frame (0,0,1) and the interpolation frame (0,0,1),
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which is obtained by interpolating the frame f(0,0,1) using
the adjacent frames f(0,1,1) and f(0,-1, 2), must be com-
pressed and transmitted. This is because aninterpolation
frame obtained by interpolating a frame using frames
whose camera parameters are notreliable due to camera
panning may distort an image.

[0041] As described above, the multi-view video en-
coder 660 performs adaptive encoding on input video
according to whether the camera parameters exist, which
is determined by the camera parameters detector 620,
and the reliability of the camera parameters, which is
determined by the camera parameter reliability determi-
nation unit 640.

[0042] The camera parameter information insertion
unit 680, which is optional, divides 2-bit camera param-
eter information of each frame (i.e.,

[0043] Camera_Parameter_Existing_Flag indicating
whether the camera parameters exist and
Guaranteed_Camera_Parameter_Flagregardingthe re-
liability of the camera parameters) into two 1-bit informa-
tion values, and inserts the two bits as a syntax element
into a slice header of each video to be transmitted in units
of slices. Alternatively, the 2-bit camera parameter infor-
mation may be inserted into the slice header in units of
macro blocks or transmitted as additional information
separately from the video.

[0044] FIG. 7 is a flowchart illustrating a method of en-
coding multi-view video using the apparatus of FIG. 6
according to an exemplary embodiment of the present
invention. Referring to FIG. 6, a plurality of video data
are received from at least one multi-view camera (oper-
ation 710).

[0045] Next, whether a current frame and adjacent
frames have the camera parameters is determined (op-
eration 720).

[0046] Next, when it is determined that the current
frame and the adjacent frames have the camera param-
eters (operation 730), the method proceeds to operation
740. If it is determined in operation 730 that either the
currentvideo or the adjacentframes do not have the cam-
era parameters, the method proceeds to operation 750.
[0047] Next, whether the camera parameters of the
current frame and the adjacent frames are reliable is de-
termined (operation 740).

[0048] Next, adaptive encoding is performed on the
current frame according to the results of operations 720
and 740 (operation 750). For instance, when either the
current frame or the adjacent frames do not have the
camera parameters, the current video is encoded.
[0049] Referring to FIG. 3, when all the current frame
f(0,0,1) and the adjacent frames f(0,-1,1) and f(0,1,1)
have reliable camera parameters, only the camera pa-
rameters of the current frame (0,0,1) are transmitted
without being encoded. In this case, when reproducing
the current frame f(0,0,1), the current frame f(0,0,1) is
decoded using its camera parameters, the adjacent
frames f(0,-1,1) and f(0,1,1), and their camera parame-
ters.
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[0050] When all the frames f(0,-1,1), f(0,0,1), and
f(0,1,1) have camera parameters but the camera param-
eters of the frame f(0,-1,1) are notreliable due to camera
zooming or panning when capturing the frame f(0,-1,1),
a decoder cannot reproduce the frame (0,0,1) from the
adjacent frames f(0,-1,1) and f(0,1,1). Therefore, the
frame (0,0,1) must be compressed and transmitted, or
adifference between the frame f(0,0,1) and interpolation
frame f(0,0,1) obtained by interpolating the frame f(0,0,1)
using the adjacent frames f(0,1,1) and f(0,-1,2) is com-
pressed and transmitted.

[0051] Next, the camera parameter information spec-
ifying whether the camera parameters exist and are re-
liable is inserted into the encoded video data (operation
760). Operation 760 is optional.

[0052] Ifitis determined in operation 720 that the cur-
rent frame has camera parameters but it is determined
in operation 740 that the camera parameters are not re-
liable, a camera parameter flag indicating that the camera
parameters of the current frame exist but are not reliable
is inserted into a slice header of an encoded bitstream.
In the present exemplary embodiment, the camera pa-
rameter information indicating whether the camera pa-
rameters exist and are reliable is inserted as a 2-bit flag
into a slice header in units of slices.

[0053] FIG. 8 is a block diagram of an apparatus for
decoding multi-view video according to an exemplary
embodiment of the present invention. The apparatus in-
cludes a bitstream reproducing and camera parameters
extracting unit 820 and a multi-view video generating unit
840.

[0054] The bitstream reproducing and camera param-
eters extracting unit 820 determines whether each video
has camera parameters while reproducing frames of in-
put bitstreams. In the present exemplary embodiment,
whether each video has the camera parameters is de-
termined using 1-bit camera parameter information (i.e.,
Camera_Parameter_Existing_Flag) which is inserted in-
to a slice header of each frame. The camera parameters

are determined to exist when the
Camera_Parameter_Existing_Flag is ’1’, and deter-
mined not to exist when the

Camera_Parameter_Existing_Flag is '0’.

[0055] The multi-view video generating unit 840 gen-
erates multi-view video, and interpolation video at each
point in time, e.g., at an intermediate view, based on the
camera parameter information extracted by the bitstream
reproducing and camera parameters extracting unit 820.
[0056] For example, referring to FIG. 3, when only the
frames f(0,-1,1) and f(0,1,1) have the camera parame-
ters, an encoder does not transmit data regarding the
frame (0,0,1) or transmits only a difference between the
frame f(0,0,1) and an interpolation frame (0,0,1) ob-
tained by interpolating the frame (0,0,1) using the adja-
cent frames f(0,-1,1) and f(0,1,1). In this case, the frame
f(0,0,1) is reproduced using its camera parameters, the
adjacent frames f(0,-1,1) and f(0,1,1), and their camera
parameters.
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[0057] A situation where the
Camera_Parameter_Existing_Flag of each of the input
frames (0,0,0), f(0,0,1), and f(0,-1,0) is ’1’ and the
Camera_Parameter_Existing_Flag of the frame f(0,-1,1)
is ’0’, (i.e., when the frames f(0,0,0), f(0,0,1), and (0,-
1,0) have the camera parameters but the video (0,-1,1)
does not have camera parameters) will now be described
with reference to FIG. 9.

[0058] Referring to FIG. 9, when an intermediate-view
frame f(0,0,1/2) between frames (0,0,1) and f(0,0,0) is
to be interpolated, the multi-view video generating unit
840 checks the camera parameter flags of the frames
(0,0,1) and f(0,0,0), and interpolates the intermediate-
view frame f(0,0,1/2) using the frames f(0,0,1) and
f(0,0,0) only when both the camera parameter flags are
’1’. In this case, since both the camera parameter flags
are assumed to be ’1’, the intermediate-view frame
f(0,0,1/2) can be generated based on the frames f(0,0,1)
and (0,0,0).

[0059] Since the flag of the camera parameter of the
frame f(0,-1,1) is ’0’, i.e., the camera parameters of the
frame f(0,-1,1) do not exist, intermediate-view frame f(0,-
1,1/2) between frames f(0,-1,1) and f(0,-1,0) is interpo-
lated using only the frame f(0,-1,0). Otherwise, if the flag
of the camera parameters of the frame f(0,-1,2) has the
value of "1, the intermediate view frame f(0,-1,1/2) isgen-
erated using the frames f(0,-1,0) and f(0,-1,2).

[0060] To generate an intermediate-view frame f(0,-
1/2,1/2) among the frames f(0,-1,1), f(0,0,1),(0,0,0), and
(0,-1,0), the multi-view video generating unit 840 checks
the flags of the camera parameters of the frames f(0,-
1,1), f(0,0,1), f(0,0,0), and f(0,-1,0) and interpolates the
intermediate-view frame (0,-1/2,1/2) using the frames
f(0,-1,1), f(0,0,1), f(0,0,0), and f(0,-1,0) which have the
camera parameter flags set to be ’1’. In present exem-
plary embodiment, the flag of the camera parameters of
the frame f(0,-1,1) is ’0’, that is, the camera parameters
of the frame f(0,-1,1) does not exist, and thus, the inter-
mediate-view frame f(0,-1/2,1/2) is interpolated using the
frames (0,0,1), f(0,0,0), and (0,-1,0).

[0061] Multi-view video is generated by the multi-view
video generating unit 840, and intermediate-view videos
that are selectively generated are transmitted to and dis-
played on a display unit (not shown).

[0062] Asdescribedabove, according to an exemplary
embodiment of the present invention, intermediate-view
frame is adaptively generated according to whether each
frame has camera parameters, thereby improving the
quality of the intermediate view frame.

[0063] An apparatus for decoding multi-view video ac-
cording to another exemplary embodiment of the present
invention will now be described with reference to FIG. 8.
Referring FIG. 8, the bitstream reproducing and camera
parameters extracting unit 820 determines whether each
frame has camera parameters while reproducing frames
included in an input bitstream. In the present exemplary
embodiment, whether each frame has camera parame-
ters and whether the camera parameters are reliable are
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determined according to 2-bit parameterinformation (i.e.,
Camera_Parameter_Existing_Flag and
Guaranteed_Camera_Parameter_Flag) which is includ-
ed in a slice header of each frame.

[0064] The multi-view video generating unit 840 gen-
erates multi-view video, and selectively generates inter-
mediate-view interpolation video based on the camera
parameter information detected by the bitstream repro-
ducing and camera parameters extracting unit 820.
[0065] Referring to FIG. 3, when the frames f(0,-1,1)
and f(0,1,1) have reliable camera parameters and the
frame f(0,0,1) is not transmitted, a decoder reproduces
the frame f(0,0,1) using reliable videos (e.g., the frames
f(0,-1,1) and (0,1,1), which are adjacent to the frame
f(0,0,1) and have the camera parameters) the camera
parameters of the reliable videos, and the camera pa-
rameters of the frame f(0,0,1).

[0066] If the frames f(0,-1,1) and f(0,1,1) have camera
parameters but the camera parameters of the frame f(0,-
1,1) are not reliable, and difference data obtained from
a distance between the frame f(0,0,1) and an interpola-
tion frame (0,0,1) obtained by interpolating the frame
f(0,0,1) using the frames (0,-2,1) and f(0,1,1) is trans-
mitted, the frame f(0,0,1) is reproduced using the differ-
ence data, data of the frames f(0,-2,1) and f(0,1,1), the
camera parameters of the frames f(0,-2,1) and f(0,1,1),
and the camera parameters of the frame f(0,0,1).
[0067] A situation in which the
Camera_Parameter_Existing_Flag and the
Camera_Parameter_Existing_Flag of each of the frames
f(0,0,0), f(0,-1,0) and f(0,0,1) are each 1’, and those of
the frame f(0, -1 ,1) are respectively 1" and ’0’ (i.e., when
the frames f(0,0,0), f(0,-1,0), and f(0,0,1) have reliable
camera parameters and the frame f(0,-1,1) has unreliable
camera parameters) will now be described with reference
to FIG. 10.

[0068] Referring to FIG. 10, when interpolating an in-
termediate-view frame f(0,0,1/2) between the frames
f(0,0,1) and f(0,0,0), the multi-view video generating unit
840 checks the flags of the camera parameters of the
frames (0,0,1) and (0,0,0), and interpolates the inter-
mediate-view frame (0,0,1/2) using the frames f(0,0,1)
and f(0,0,0) only when both the flags are ’1’. Since both
the flags are ’1’ in FIG. 10, the intermediate-view frame
(0,0,1/2) can be generated using the frames f(0,0,1) and
f(0,0,0).

[0069] An intermediate-view framef(0,-1,1/2) between
the framesf(0,-1,1) andf(0,-1,0) is interpolated using only
the frame f(0,-1,0), since the camera parameter flags of
the frame f(0,-1,1) are ’1’ and ’0’, respectively (i.e., the
camera parameters of the frame f(0,-1,1) exist but are
not reliable). If the camera parameter flags of the frame
f(0,-1,2) are both '1’, the intermediate-view frame f(0,-
1,1/2) is obtained using the frames f(0,-1,0) and f(0,-1,2).
[0070] To obtain an intermediate-view frame f(0,-
1/2,1/2) among the frames f(0,-1,1),(0,0,1), f(0,0,0), and
f(0,-1,0), the multi-view video generating unit 840 checks
the camera parameter flags of the frames f(0,-1,1),
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f(0,0,1), f(0,0,0), and f(0,-1,0) and interpolates the inter-
mediate-view frame (0,-1/2,1/2) using the frames which
have both camera parameter flags set to '1’. Referring
to FIG. 10, since the values of the camera parameter
flags of the frame f(0,-1,1) are respectively 1’ and ’0’,
that is, the camera parameters exist but are not reliable,
the intermediate-view frame f(0,-1/2,1/2) is interpolated
using the frames f(0,0,1), f(0,0,0), and f(0,-1,0).

[0071] Multi-view video generated and intermediate-
view frames selectively generated by the multi-view video
generating unit 840 are transmitted to and displayed on
a display unit (not shown).

[0072] FIG. 11 is a flowchart illustrating a method of
decoding multi-view video using the apparatus of FIG. 8
according to an exemplary embodiment of the present
invention. Referring to FIG. 11, camera parameter infor-
mation of each frame is extracted from input bitstreams
in predetermined units of video (operation 1120).
[0073] Next, video is generated based on the camera
parameter information extracted in operation 1120 (op-
eration 1140).

[0074] In the present exemplary embodiment, refer-
ence frames to be used in interpolating the generated
frames are determined according to the extracted cam-
era parameter information. Next, the generated frames
are interpolated by the multi-view video generating unit
840 using the reference frames.

[0075] According to an exemplary embodiment of the
present invention, when the camera parameter informa-
tion indicates only whether frames have the camera pa-
rameters, only frames that are adjacent to the frame to
be interpolated and have camera parameters are used
as reference frames when interpolating the frame.
[0076] Alternatively, when the camera parameter in-
formation indicates whether each frame has camera pa-
rameters and whether the camera parameters are relia-
ble, only frames that are adjacent to the frame to be in-
terpolated and have reliable camera parameters are
used as reference frames when interpolating the video.
[0077] The methods of encoding and decoding multi-
view video may be embodied as computer programs.
Computer programmers skilled in the art can easily de-
rive code and code segments of the computer program.
The computer program may be stored in a computer
readable medium. When the computer program is read
and executed using a computer, a method of encoding
and decoding multi-view video is performed. The com-
puterreadable medium may be a magneticrecording me-
dium, an optical recording medium, or a carrier wave.
[0078] As described above, according to aspects of
the present invention, video is adaptively encoded ac-
cording to whether the video has the camera parameters
and whether the camera parameters arereliable, thereby
increasing the efficiency of video compression. Also, in-
termediate-view frames are adaptively generated ac-
cording to camera parameter information included in an
input bitstream, thereby improving the quality of video to
be displayed.
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Industrial Applicability

[0079] The presentinvention can be applied to encod-
ing and decoding video, and more particularly, to encod-
ing multi-view video using camera parameters and gen-
erating multi-view video using camera parameters.

Claims

1. A method of generating multi-view video using cam-
era parameter information, comprising:

receiving input bitstreams comprising camera
parameter information of each of a plurality of
videos, wherein the camera parameter informa-
tion comprises a flag which indicates a presence
of camera parameters in each of the plurality of
videos,

extracting camera parameter information of
each of the plurality of videos from input bit-
streams in predetermined video units; and
generating the multi-view video based on the
camera parameter information which is extract-
ed, wherein the camera parameters comprises
intrinsic camera characteristics comprising a fo-
cal length and a principal point,

wherein the flag being equal to 1 indicates the
presence of camera parameters and the flag be-
ing equal to 0 indicates the absence of camera
parameters.

2. The method of claim 1, wherein the generating of
the multi-view video comprises determining a refer-
ence video for generating the multi-view video based
on the camera parameter information which is ex-
tracted; and
generating the multi-view video using the reference
video which is determined.

3. The method of claim 1, wherein the camera param-
eter information comprises a flag which indicates
whether the camera parameters are reliable.

4. The method of claim 1, wherein the camera param-
eters comprise at least one of a width and a height
of a pixel, a skew angle, numbers of horizontal and
vertical pixels of a camera sensor, a radial distortion
coefficient, and a tangential distortion coefficient.

5. The method of claim 1, wherein the input bitstreams
comprise the camera parameter information which
indicates whether the camera parameters are relia-
ble.

6. The method of claim 1, wherein the predetermined
video units are units of slices, the camera parameter
information, which indicates whether the camera pa-
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rameters exist and whether the camera parameters
are reliable, is inserted as two-bit information into a
slice header of each input bitstream.

Patentanspriiche

Verfahren zum Erzeugen eines Mehransichts-Vide-
os unter Verwendung von Kameraparameterinfor-
mationen, umfassend:

Empfangen von Eingangsbitstrémen, die Ka-
meraparameterinformationen flr jedes mehre-
rer Videos umfassen, wobei die Kamerapara-
meterinformationen ein Flag umfassen, das ei-
ne Anwesenheit von Kameraparametern in je-
dem der mehreren Videos angibt,

Extrahieren von Kameraparameterinformatio-
nen jedes der mehreren Videos aus Eingangs-
bitstromen in vorbestimmten Videoeinheiten;
und

Erzeugen des Mehransichts-Videos auf der Ba-
sis der Kameraparameterinformationen, die ex-
trahiert werden; wobei die Kameraparameter,
innere KamerakenngrofRen umfassen die eine
Brennweite und einen Hauptpunkt umfassen,
wobei, wenn das Flag gleich 1 ist, es die Anwe-
senheit von Kameraparametern angibt und,
wenn das Flag gleich 0 ist, es die Abwesenheit
von Kameraparametern angibt.

Verfahren nach Anspruch 1, wobei das Erzeugen
des Mehransichts-Videos Bestimmen eines Refe-
renzvideos zum Erzeugen des Mehransichts-Videos
auf der Basis der extrahierten Kameraparameterin-
formationen umfasst; und

Erzeugen des Mehransichts-Videos unter Verwen-
dung des bestimmten Referenzvideos.

Verfahren nach Anspruch 1, wobei die Kamerapa-
rameterinformationen ein Flag umfassen, das an-
gibt, ob die Kameraparameter zuverlassig sind.

Verfahren nach Anspruch 1, wobei die Kamerapa-
rameter mindestens einender Folgenden umfassen:
eine Breite und eine HOhe eines Pixels, einen
Schraglagewinkel, Anzahlen horizontaler und verti-
kaler Pixel eines Kamerasensors, einen Radialver-
zerrungskoeffizienten und einen Tangentialverzer-
rungskoeffizienten.

Verfahren nach Anspruch 1, wobei die Eingangsbit-
strome die Kameraparameterinformationen umfas-
sen, die angeben, ob die Kameraparameter zuver-
lassig sind.

Verfahren nach Anspruch 1, wobei die vorbestimm-
ten Videoeinheiten Einheiten von Slices sind, die Ka-
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meraparameterinformationen, die angeben, ob die
Kameraparameter existieren und ob die Kamerapa-
rameter zuverlassig sind, als Zwei-Bit-Informationen
in einen Slice-Header jedes Eingangsbitstroms ein-
gefligt werden.

Revendications

Procédé consistant a générer une vidéo a vues mul-
tiples en utilisant des informations de parameétres de
caméra, consistant a :

recevoir des flux binaires d’entrée comprenant
des informations de paramétres de caméra de
chacune d’une pluralité de vidéos, dans lequel
les informations de paramétres de caméra com-
prennent un indicateur qui indique la présence
de parameétres de caméra dans chacune de la
pluralité de vidéos, extraire des informations de
parametres de caméra de chacune de la plura-
lité de vidéos a partir des flux binaires d’entrée
dans des unités vidéo prédéterminées; et
générer la vidéo a vues multiples sur la base
des informations de paramétres de caméra qui
sont extraites ; dans lequel les paramétres de
caméra comprennent des caractéristiques de
caméra intrinséques comprennant une lon-
gueur focale et un point principal, dans lequel
I'indicateur est égal a 1, il indique la présence
de parametres de caméra et lorsque I'indicateur
est égal a 0, il indique 'absence de parameétres
de caméra.

Procédé selon la revendication 1, dans lequel la gé-
nération de la vidéo a vues multiples consiste a dé-
terminer une vidéo de référence pour générer la vi-
déo a vues multiples sur la base des informations
de parametres de caméra qui sont extraites ; et
générer lavidéo avues multiples en utilisant la vidéo
de référence qui est déterminée.

Procédé selon la revendication 1, dans lequel les
informations de parameétres de caméra compren-
nent un indicateur qui indique si les parameétres de
caméra sont fiables.

Procédé selon la revendication 1, dans lequel les
parametres de caméra comprennent au moins l'un
d’une largeur et d’une hauteur d’un pixel, un angle
d’inclinaison, de nombres de pixels horizontaux et
verticaux d’un capteur de caméra, un coefficient de
distorsion radiale, et un coefficient de distorsion tan-
gentielle.

Procédé selon la revendication 1, dans lequel les
flux binaires d’entrée comprennent des informations
de parameétres de caméra qui indiquent si les para-
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métres de caméra sont fiables.

Procédé selon la revendication 1, dans lequel les
unités vidéo prédéterminées sontdes unités de tran-
ches, et les informations de paramétres de caméra
qui indiquent si les paramétres de caméra existent
et si les paramétres de caméra sont fiables, sont
insérées sous forme d’informations a deux bits dans
un en-téte de tranche de chaque flux binaire d’en-
trée.
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FIG. 1
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FIG. 5
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FIG. 7

( START )

y

RECEIVE PLURALITY OF VIDEO DATA
FROM AT LEAST ONE MULTI-VIEW CAMERA

—710

|

DETECTING CAMERA PARAMETERS
IN PLURALITY OF VIDEO DATA

— 720

DO 730

CAMERA PARAMETERS NO

EXlST?/

YES

DETERMINE WHETHER CAMERA PARAMETERS
ARE RELIABLE

— 740

ENCODE EACH OF PLURALITY OF VIDEO DATA

ADAPTIVELY ACCORDING TO WHETHER [ 7°°

CAMERA PARAMETERS EXIST AND WHETHER
CAMERA PARAMETERS ARE RELIABLE

I L

1

| INSERT CAMERA PARAMETER INFORMATION |
| INDICATING WHETHER CAMERA PARAMETERS |
| EXIST AND WHETHER CAMERA PARAMETERS —760
| ARE RELIABLE INTO RESULT OF ENCODING !
! VIDEO DATA |

15



EP 2 506 582 B1

FIG. 8
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FIG. 11
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