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1
METHOD AND APPARATUS FOR MULTI
VIEW VIDEO ENCODING AND DECODING,
AND METHOD FOR TRANSMITTING
BITSTREAM GENERATED BY THE MULTI
VIEW VIDEO ENCODING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 2022-0096767, filed on Aug.
3, 2022, and Korean Patent Application No. 2023-0077401,
filed on Jun. 16, 2023, disclosure of which are incorporated
herein by reference in its entirety.

BACKGROUND
1. Field of the Invention

The present disclosure relates to a method for encoding
and decoding a multi-view video, and more particularly, to
a multi-view video encoding/decoding method and appara-
tus applying different quantization parameters and a method
for transmitting a bitstream generated by the multi-view
video encoding method.

2. Description of the Related Art

The immersive video is a technology of using videos from
multiple views and depth map information to provide a
higher degree of freedom to users. As a plurality of videos
are needed to smoothly provide such an immersive video
service, a higher bandwidth is required.

Currently, the standardization group MPEG (Moving Pic-
ture Experts Group) is standardizing an immersive media
technology capable of providing motion parallax according
to screen conversion and movement to users by acquiring
and processing videos present from various views and
locations.

As a part of the standardization, the MPEG-I (Immersive)
sub-group defined a test model for immersive video (TMIV)
supporting immersive media providing 6 degrees of freedom
(DoF) at the 126th MPEG meeting held in March, 2019.

The 6DoF immersive media technique standardization is
still carrying out performance exploration for the MIV
(Model for Immersive Video) technology to process a plu-
rality of videos for an immersive video. As a 6DoF tech-
nique supports views according to a user’s free gaze and
movement, a high bandwidth and a large operation amount
are required for a process where videos acquired from
various locations are simultaneously compressed and trans-
mitted and a video of a user’s view is acquired and synthe-
sized.

Currently, to reduce the number of video encoders/decod-
ers required for processing a plurality of videos, MPEG-I
adopts a method of encoding by dividing the plurality of
videos into a basic view and an additional view.

However, as of now, efficient bandwidth adjustment is
difficult in an adaptive streaming scenario since a basic view
and an additional view are processed as a single video.

SUMMARY

The present disclosure is directed to providing a method
for efficiently transmitting a basic view video and an addi-
tional view video while reducing the quality loss of a final
output video in a limited bandwidth situation.
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In addition, the present disclosure is directed to providing
a method for selecting an optimal quantization step for a
basic view video and an additional view video in order to
reduce a transmission bandwidth.

In addition, the present disclosure is directed to providing
a method for differentially allocating a bit rate for an
immersive video.

In addition, the present disclosure is directed to providing
a method for transmitting a bitstream generated by a multi-
view video encoding method or apparatus according to the
present disclosure.

In addition, the present disclosure is directed to providing
a recording medium for storing a bitstream generated by the
multi-view video encoding method or apparatus according
to the present disclosure.

In addition, the present disclosure is directed to providing
a recording medium for storing a bitstream received and
decoded by a multi-view video decoding apparatus accord-
ing to the present disclosure and used to reconstruct a
multi-view video.

It is to be understood that technical objects to be achieved
by the present disclosure are not limited to the aforemen-
tioned technical objects, and other technical objects not
mentioned herein will be apparent to those of ordinary skill
in the art to which the present disclosure pertains from the
following description.

A multi-view video encoding method according to one
aspect of the present disclosure may include: generating first
bitstreams for each of a plurality of quantization parameters
(QPs) different from each other by encoding an atlas for a
multi-view video in the quantization parameters; extracting
second bitstreams for sub-regions in the atlas from the first
bitstreams; and generating a third bitstream by merging,
among the second bitstreams, second bitstreams with a
predetermined bit rate.

A multi-view video decoding method according to one
aspect of the present disclosure may include: acquiring a
third bitstream, in which an atlas for the multi-view video is
encoded, and a fourth bitstream in which packing informa-
tion is encoded; generating the atlas by decoding the third
bitstream; and generating the multi-view video based on the
atlas and the packing information.

A multi-view video encoding apparatus according to one
aspect of the present disclosure may include: a memory; and
at least one processor, and the at least one processor may
generate first bitstreams for each of a plurality of quantiza-
tion parameters (QPs) different from each other by encoding
an atlas divided into at least one sub-region in the quanti-
zation parameters, extract second bitstreams for the sub-
region from the first bitstreams, and generate a third bit-
stream by merging, among the second bitstreams, second
bitstreams with a predetermined bit rate.

A method for transmitting a bitstream according to one
aspect of the present disclosure is a method for transmitting
a bitstream generated by a multi-view video encoding
method, and the multi-view video encoding method may
include: generating first bitstreams for each of a plurality of
quantization parameters (QPs) different from each other by
encoding an atlas divided into at least one sub-region in the
quantization parameters; extracting second bitstreams for
the sub-region from the first bitstreams; and generating a
third bitstream by merging, among the second bitstreams,
second bitstreams with a predetermined bit rate.

The features briefly summarized above for the present
disclosure are only illustrative aspects of the detailed
description of the present disclosure to be described below
but do not limit the scope thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically illustrating a multi-view
video encoding apparatus according to one embodiment of
the present disclosure.

FIG. 2 is a view schematically illustrating a multi-view
video decoding apparatus according to one embodiment of
the present disclosure.

FIG. 3 is a view illustrating an example in which an
MPEG immersive video technique processes a multi-view
video by dividing the multi-view video into a basic view
video and an additional view video.

FIG. 4 and FIG. 5 are views illustrating a difference in the
amount of information between a basic view video and an
additional view video.

FIG. 6 is a view schematically illustrating an encoder
according to one embodiment of the present disclosure.

FIG. 7 is a flowchart illustrating a method for selecting
data to which different quantization steps are applied accord-
ing to a view in accordance with one embodiment of the
present disclosure.

FIG. 8 is a view illustrating a difference of a synthesized
video when both a basic view video and an additional view
video are compressed by a quantization parameter.

FIG. 9 is a view illustrating a difference of a synthesized
video when a basic view video and an additional view video
are compressed by different quantization parameters.

FIG. 10 is a view illustrating an example in which an atlas
is divided into one or more visual volumetric video coding
(V30) tiles.

FIG. 11 is a view illustrating an example of encoding an
atlas.

FIG. 12 is a flowchart illustrating a multi-view video
encoding method according to one embodiment of the
present disclosure.

FIG. 13 is a flowchart illustrating a multi-view video
decoding method according to one embodiment of the
present disclosure.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will
be described in detail with reference to the accompanying
drawings, which will be easily implemented by those skilled
in the art. However, the present disclosure may be embodied
in many different forms and is not limited to the embodi-
ments described herein.

In the following description of the exemplary embodi-
ments of the present disclosure, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the
present disclosure rather unclear. In addition, parts not
related to the description of the present disclosure in the
drawings are omitted, and like parts are denoted by similar
reference numerals.

In the present disclosure, when a component is referred to
as being “connected”, “coupled”, or “connected” to another
component, it is understood to include not only a direct
connection relationship but also an indirect connection rela-
tionship having still another component intervening ther-
ebetween. Also, when a component is referred to as “com-
prising” another component, it may mean further inclusion
of still another component not the exclusion thereof, unless
explicitly described to the contrary.

In the present disclosure, the terms “first”, “second”, and
so on are used only for the purpose of distinguishing one
component from another, and do not limit the order or
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importance of the components unless specifically men-
tioned. Thus, within the scope of this disclosure, the first
component in one embodiment may be referred to as a
second component in another embodiment, and similarly a
second component in one embodiment may be referred to as
a second component in another embodiment.

In the present disclosure, components that are distin-
guished from one another are intended to clearly illustrate
each feature and do not necessarily mean that components
are separate. That is, a plurality of components may be
integrated into one hardware or software unit, or a single
component may be distributed into a plurality of hardware or
software units. Accordingly, such integrated or distributed
embodiments are also included within the scope of the
present disclosure, unless otherwise noted.

In the present disclosure, components described in the
various embodiments do not necessarily mean essential
components, but some may be optional components.
Accordingly, embodiments consisting of a subset of com-
ponents described in one embodiment are also included
within the scope of this disclosure. In addition, embodiments
including other components in addition to components
described in the various embodiments are included in the
scope of the present disclosure.

In the present disclosure, the term “/” and “,” may be
interpreted as “and/or.” For instance, “A/B” and “A, B” may
mean “A and/or B.” In addition, “A/B/C” and “A, B, C” may
mean “at least one of A, B, and/or C.”

In the present disclosure, the term “or” may be interpreted
as “and/or.” For instance, “A or B” may comprise 1) only
“A”, 2) only “B”, and/or 3) both “A and B”. Alternatively,
in the present disclosure, the term “or” may be interpreted as
“additionally or alternatively.”

In the present disclosure, the terms “image”, “video”,
“multi-view video”, and “immersive video” may be inter-
changeably used.

Hereinafter, the embodiments of the present disclosure
will be described in detail with reference to the accompa-
nying drawings. In describing the embodiments of the
present disclosure, if it is determined that the detailed
description of a related known function or construction
renders the scope of the present disclosure unnecessarily
ambiguous, the detailed description thereof will be omitted,
and in the drawings, the same reference numerals are used
for the same components, and a redundant description about
the same component are omitted.

Recently, MPEG-I, which is a sub-group of the interna-
tional standardization organization MPEG, is working on
standardization of a 6DoF technique of processing videos
with multiple views (multi-view videos) to respond to views
according to a user’s location and screen conversion beyond
providing a 360-degree video to the user under the name
“Immersive Video”.

In order to implement 6DoF video streaming beyond a
simple 360 VR video, a video responding to a viewer’s every
location and viewing angle by means of videos obtained
from various views and a depth video (or depth map) should
be provided. To respond to a viewer’s viewpoint, a virtual
view synthesis process for synthesizing and processing
videos of various views is performed.

Currently, in an MIV, a plurality of videos together with
a depth map are acquired based on a depth image-based
rendering (DIBR) technique, and then a virtual video view
is synthesized by calculating the view and distance of each
video based on the depth map. Thus, a view may be
synthesized according to a user’s gaze and location, and the
user may appreciate more interactive and immersive media,
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accordingly. To this end, MPEG-I has adopted a method of
dividing a plurality of videos into a basic view and an
additional view.

FIG. 1 is a view schematically illustrating a multi-view
video encoding apparatus (multi-view video encoder) 100
according to one embodiment of the present disclosure, and
FIG. 2 is a view schematically illustrating a multi-view
video decoding apparatus (multi-view video decoder) 200
according to one embodiment of the present disclosure.

Referring to FIG. 1, the multi-view video encoding appa-
ratus 100 may be configured including a view optimizer 110,
an atlas constructor 120, an encoder 130, and a metadata
composer 140.

The view optimizer 110 may receive a source video and
a depth video (Source Views (T+D)) at various views as an
input, determine the number of necessary basic views by
considering a directional deviation, a field of view, a dis-
tance, and an overlap between fields of view, and select a
basic view by considering a location and an overlap between
views.

The atlas constructor 120 may construct the basic view
selected by the view optimizer 110 as a complete single atlas
and an additional view as a remaining patch (or residual
patch) with an overlapping portion being removed based on
the basic view.

The atlas constructor 120 may preserve basic views using
a mask and remove an overlapping portion of additional
views while generating an atlas, update a mask used for a
video frame in a chronological order, and finally generate an
atlas of an additional view by packing each of patch atlases.

As illustrated in FIG. 3, basic view videos (or atlases) BV
represented by dotted-line boxes are constructed to be
identical with originals by including texture (including depth
information) and every pixel, but additional view videos (or
atlases) AV represented by solid-line boxes may be con-
structed in a shape of a block patch including only non-
overlapping texture (including depth information) that
remains after overlapping pixels between the basic views
and a higher-priority additional view are removed. The
multi-view video decoding apparatus 200 may restore a
video frame of an additional view by reconstructing the
block patch.

In FIG. 3, there are source videos and depth videos of 16
views, among which videos of 4 views are selected as basic
views and combined into one atlas to be generated as one
basic view video (including texture and depth videos,
respectively), and videos of the remaining 12 views are
determined as additional videos so that only a portion
different from a basic view is generated as one additional
view video (including texture and depth videos, respec-
tively) in a patch shape.

Using a 2D codec, for example, the High Efficiency Video
Coding (HEVC) and the Versatile Video Coding (VVC), the
encoder 130 may generate a bitstream by encoding a texture
video T and a depth video D of each of a basic view BV and
an additional view AV.

The metadata composer 140 may generate metadata by
encoding configuration information of BV and AV atlases
and/or control information for controlling a synthesis pro-
cess of the BV and AV atlases so that the multi-view video
decoding apparatus 200 may dynamically render a seamless
viewport video according to a viewer’s movement through
postprocessing and view synthesis.

Referring to FIG. 2, the multi-view video decoding appa-
ratus 200 may be configured including a decoder 210, a
metadata parser 220, an atlas patch occupancy map genera-
tor 230, and a renderer 240.
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The decoder 210 may generate a basic view atlas and an
additional view atlas by decoding encoded texture data and
depth data of a basic view and an additional view using
HEVC or VVC.

The metadata parser 220 may analyze and provide meta-
data to the atlas patch occupancy map generator 230 and the
renderer 240.

The atlas patch occupancy map generator 240 may gen-
erate a patch occupancy map by determining a location and
a direction, in which a patch of an additional view atlas is to
be placed, by using metadata provided by the metadata
parser 220, and provide the patch occupancy map to the
renderer 240.

The renderer 240 may generate and output a video
responding to the viewer’s movement from a basic view
atlas and an additional view atlas by using the metadata
provided by the metadata parser 220 and the patch occu-
pancy map provided by the atlas patch occupancy map
generator 240.

Meanwhile, additional view videos are videos segmented
from each other and contain many high frequencies and thus
high bit rates, but an occupancy ratio in a whole video is
different according to contents. In addition, the impact of a
basic view video and an additional view video on the quality
of a synthesized video synthesized by the multi-view video
decoding apparatus 200 may be different according to a ratio
of the additional view video to a video restored or synthe-
sized by the multi-view video decoding apparatus 200.

FIG. 4 illustrates an example in which an additional view
video has a small amount of information since there is a
large overlap between a basic view video and the addition
view video, and FIG. 5 illustrates an example in which an
additional view video has a large amount of information
since there is a small overlap between a basic view video and
the additional view video. In FIG. 4 and FIG. 5, a basic view
video is at the bottom, and an additional view video is at the
top.

In FIG. 4, since there are many overlapping pixels
between a basic view video and an additional view video,
the additional view video has a little information, and in
FIG. 5, on the other hand, since there are not many over-
lapping pixels between a basic view video and an additional
view video, the additional view video has a lot of informa-
tion.

In the case of FIG. 4, since there is a little amount of
information in an additional view video, the additional view
video has a little impact on the quality of a synthesized video
synthesized by the multi-view video decoding apparatus
200. On the other hand, in the case of FIG. §, since there is
a relatively large amount of information in an additional
view video, the additional view video may have a large
impact on the quality of a synthesized video.

Unlike a conventional 360-degree video, an immersive
video has a process of synthesizing videos, and videos with
low importance have a little impact on a finally synthesized
video even when the quality of the videos is lowered, so that
the finally synthesized video may have reduced loss.

When the multi-view video decoding apparatus 200 syn-
thesize videos, since the impact of basic view and additional
view videos on a whole synthesized video becomes different
according to contents and/or amounts of information of a
basic view and an additional view, texture encoding by
considering the basic view video and the additional view
video as a single video is not efficient.

In this regard, while texture encoding is performed by
considering videos separately according to views, that is,
whether a video is a basic view video or an additional view
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video, an overall bit rate may be adjusted in the multi-view
video decoding apparatus 200 by adaptively varying the
quality of a video according to an importance of each view
so that an overall synthesized video may have high quality.

The importance of each view may be calculated by ‘a ratio
of the number of pixels of an additional view video to the
pixels of a basic view video’ or ‘an occupancy ratio of the
pixels of a basic view video and the pixels of an additional
view video in a reconstructed video’, and considering this,
encoding qualities of the basic view video and the additional
view video may be adjusted to be different from each other.

In one embodiment of the present disclosure, the encod-
ing qualities of a basic view video and an additional view
video may be differently adjusted by asymmetrically quan-
tizing the basic view video and the additional view video.
Herein, a quantizing step may be controlled by considering
a ratio of the number of pixels of the additional view video
to the number of pixels of the basic view video, and the
quantizing step may be controlled within a range satisfying
a target rate distortion cost (RD-cost) condition.

FIG. 6 is a view schematically illustrating a configuration
of an encoder 130 according to one embodiment of the
present disclosure.

The encoder 130 generates a bitstream by applying HEVC
or VVC not only to a basic view video (or atlas) and an
additional view video (or atlas) but also to a depth video (or
map) of a basic/additional view, and the encoder 130 may
process the basic and additional view videos by distinguish-
ing the videos as separate videos.

The encoder 130 may be configured including a predictor
131, a transformer 132, a quantizer 133, and an entropy
encoder 134.

The predictor 131 may generate a prediction sample (or
prediction block) for a coding unit (hereinafter simply
referred to as block) which is partitioned by a video parti-
tioning unit (not shown) into a plurality of coding units
based on a quad-tree structure and/or a binary tree structure
and generate a residual sample (or residual block) corre-
sponding to a difference between an original sample and the
prediction sample.

The predictor 131 may apply techniques used in HEVC or
VVC, for example, an intra prediction technique referring to
neighbor samples of a current block in a current picture, an
inter prediction technique referring to a sample of another
picture different from a current picture, and an intra block
copy (IBC) technique referring to a sample of another block
in a current picture.

The transformer 132 may generate transform coefficients
by applying a transform technique to a residual sample. The
transform technique may include at least one of a discrete
cosine transform (DCT), a discrete sine transform (DST), a
Karhunen-Loeve transform (KLT), a graph-based transform
(GBT), or a conditionally non-linear transform (CNT).

The quantizer 133 may quantize transform coefficients.
The quantizer 133 may rearrange block-shaped quantized
transform coefficients into a one-dimensional vector shape
based on a coefficient scan order and generate information
on the quantized transform coefficients based on the quan-
tized transform coefficients in the one-dimensional vector
shape.

The entropy encoder 134 may encode information on
quantized transform coefficients and output the information
in a bitstream. For example, the entropy encoder 134 may
apply various encoding methods such as the exponential
Golomb, the context-adaptive variable length coding
(CAVLCO), the context-adaptive binary arithmetic coding
(CABAC), and the like and encode information (for
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example, values of syntax elements) necessary for video/
image reconstruction separately or together except the quan-
tized transform coefficients.

A bitstream may be transmitted via a network or stored in
a digital storage medium. Herein, the network may include
a broadcast network and/or a communication network, and
the digital storage medium may include various storage
media such as a USB, an SD, a CD, a DVD, a Blueray, a
HDD, an SSD, and the like.

The quantizer 133 according to one embodiment of the
present disclosure may include a quality controller, quantize
samples (residual samples) of a basic view video and an
additional view video into a plurality of quantization steps
(or quantization parameters) and store the samples (QP1,
QP2, QP3, and the like in FIG. 6), and select a basic view
video and an additional view video, to each of which a
different quantization step is applied, based on a pixel
number ratio between the basic view video and the addi-
tional view video (or a ratio between the pixel number of a
synthesized video synthesized in the decoder and the pixel
number of the additional view video).

In FIG. 6, the quality controller of the quantizer 133
selects data quantized into QP1 for a basic view video BV
and data quantized into QP2 for an additional view video AV.

In addition, the quality controller of the quantizer 133
may change quantization steps for the basic view video BV
and the additional view video AV in a frame unit. For
example, the quality controller of the quantizer 133 may
select, in a first frame, data quantized into QP1 for the basic
view video BV and select data quantized into QP2 for the
additional view video AV and select, in a second frame, data
quantized into QP1 for the basic view video BV and select
data quantized into QP3 for the additional view video AV.

In addition, the quality controller of the quantizer 133
may distinguish the pixel number ratio between a basic view
video and an additional view video into a plurality of ranges
and determine and apply a quantization step suitable for
each of the basic view video and the additional view video
for each range.

For example, the quality controller of the quantizer 133
may determine the quantization steps of Q1 and Q2 for the
basic view video and the additional view video when the
pixel number ratio is 1:0.5, determine the quantization steps
of Q1 and Q3 (which is a quantization step with lower
quality than QP2) for the basic view video and the additional
view video when the pixel number ratio is 1:0.25, and
determine the quantization steps of Q1 and Q4 (which is a
quantization step with lower quality than QP3) for the basic
view video and the additional view video when the pixel
number ratio is 1:0.125.

Alternatively, the quality controller of the quantizer 133
may distinguish the pixel number ratio between a basic view
video and an additional view video into a plurality of ranges
and provide and apply a difference value between quanti-
zation steps suitable for the basic view video and the
additional view video for each range. The quality controller
of the quantizer 133 may determine the quantization steps of
Q1 and Q2 for the basic view video and the additional view
video when the pixel number ratio is 1:0.5, wherein QP2
corresponds to quality lower than QP1 by one step, deter-
mine the quantization steps of Q1 and Q3, which is quality
one step lower than QP2 when the pixel number ratio is
1:0.25, and determine the quantization steps of Q1 and Q4,
which is quality one step lower than QP3 when the pixel
number ratio is 1:0.125.

In the above example, the quantization step of the basic
view video is fixed to QP1, and the quantization step of the
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additional view video is changed, but according to con-
straints such as RD-cost, a network bandwidth, a required
whole bit rate, and the like, the quantization step of the basic
view video may be changed, and the quantization step of the
additional view video may also be further changed accord-
ing to the changed quantization step of the basic view video.

In the above, the values of the pixel number ratios
between the basic view video and the additional view video
and the values of quantization steps for the basic view video
and the additional view video or the difference values
thereof are only illustrative, and embodiments of the present
disclosure are not limited those values.

A pixel number ratio between a basic view video and an
additional view video may be delivered to the atlas con-
structor 120 in the multi-view video encoder 100 of FIG. 1.
The atlas constructor 120 may calculate a pixel number ratio
between a basic view video and an additional view video
based on a group of picture (GOP) and deliver the pixel
number ratio to the encoder 130.

The quantizer 133 may deliver information associated
with quantization steps applied to a basic view video and an
additional view video to the metadata composer 140, and the
metadata composer 140 may include information associated
with an asymmetric quantization step in metadata.

Alternatively, instead of being delivered to the metadata
composer 140, the information associated with quantization
steps may be recorded as, for example, a syntax element and
encoded together in a quantized transform coefficient of a
corresponding view video by the entropy encoder 134.

The multi-view video decoding apparatus 200 may extract
the information associated with quantization steps from a
syntax element, which is entropy encoded in metadata
and/or texture data, and dequantize a quantized coefficient of
the basic view video and a quantized coefficient of the
additional view video based on the extracted information
associated with quantization steps.

In addition, the multi-view video decoding apparatus 200
may reconstruct residual samples of a current block for a
basic view and an additional view by inversely transforming
a dequantized coefficient, generate a reconstructed sample of
the current block based on the residual samples and predic-
tion samples predicted for the current block, and then
generate a basic view video and an additional view video
(patch video of the additional view).

Next, the multi-view video decoding apparatus 200 may
generate a video responding to view corresponding to a
viewer’s movement by combining the basic view video and
the patch video of the additional view based on a patch
occupancy map generated based on metadata.

FIG. 7 is a flowchart illustrating a method for selecting
data to which different quantization steps are applied accord-
ing to a view in accordance with one embodiment of the
present disclosure.

The atlas constructor 120 generates an atlas for a basic
view, which is selected by the view optimizer 110 for input
videos of multiple views, and an atlas for an additional view
(S710). The atlas constructor 120 may determine a pixel
number of a basic view video by considering a target video
pixel number (a pixel number of a synthesized video shown
on a display in consideration of an environment of a terminal
at a decoder side), generate an additional view video by
removing an overlap with the basic view video, and deter-
mine a pixel number of the additional view video by
considering a target video pixel number.

For example, in a 16-view video with a resolution of
2048%2048, a basic view video may be constructed with 4
views, and a remaining additional view video may be
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generated with a middle resolution, or the basic view video
may be constructed with 8 views, and the remaining addi-
tional view video may be generated with a low resolution. A
basic view video constructed with 4 views has a smaller
number of pixels than a basic view video constructed with
8 views and thus may be processed with low complexity in
a terminal, but reconstruction accuracy (quality) is lowered.

Accordingly, the atlas constructor 120 may determine a
resolution of the basic view video according to a hardware
configuration of a target decoder terminal or a request of the
decoder terminal and generate an atlas video by distinguish-
ing a predetermined number of corresponding input videos
into a basic view and an additional view.

The atlas constructor 120 calculates a ratio between a
basic view video and an additional view video, that is, a ratio
between a pixel number of the basic view video and a pixel
number of the additional view video per frame (S720). For
example, when the pixel number of the basic view video per
frame is 2,073,600 and the pixel number of the additional
view video is 298,741, a ratio between a pixel number of a
synthesized (or reconstructed) video and the pixel number of
the basic view video may be calculated by 298,741/(2,073,
600+298,741).

The atlas constructor 120 may calculate a ratio between
the basic view video and the additional view video in a unit
of GOP and calculate a ratio between a pixel number of the
basic view video and a pixel number of the additional view
video per frame accordingly.

The encoder 130 may generate a bitstream by encoding
texture of the basic view video and the additional view video
according to HEVC, VVC, or any other video coding
techniques, and the quantizer 133 may generate quantization
coefficient data by quantizing transformed coefficients of the
basic view video and the additional view video in a plurality
of quantization steps (QPs) (S730).

A quality controller of the quantizer 133 may select
quantization coefficient data for the basic view video and
quantization coefficient data for the additional view video,
respectively, from the quantized data quantized in the plu-
rality of quantization steps, construct quantization coeffi-
cient data of a single timing (constructing a frame of the
timing), and select quantization coefficient data of the addi-
tional view video to which a quantization step different from
a quantization step applied to the quantization coefficient
data selected for the basic view video is applied based on the
pixel number ratio between the basic view video and the
additional view video (S740). Herein, the quantization coef-
ficient data of the basic and additional view videos should
satisty a target RD-cost condition.

The quality controller of the quantizer 133 may asym-
metrically quantization steps for the basic view video and
the additional view video according to a pixel number ratio
and check whether or not quantization transform data quan-
tized by the selected quantization step satisfies the RD-cost
condition. In addition, when the RD-cost condition is not
satisfied, the quality controller of the quantizer 133 may
select quantization steps for the basic view video and the
additional view video until the RD-cost condition is satis-
fied. Whether or not the RD-cost condition is satisfied may
be determined in a frame unit.

When a set RD-cost condition is not satisfied by any
values selected for quantization steps for the basic view
video and the additional view video, a target value of the
pixel number of the basic view video may be adjusted to
perform the process of generating the basic view video and
the additional view video starting from step S710 again.
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The quantizer 133 may deliver information associated
with quantization steps applied to a basic view video and an
additional view video to the metadata composer 140, and the
metadata composer 140 may modify metadata by reflecting
information associated with a quantization step in the meta-
data. The multi-view video encoding apparatus 100 may
generate and output data generated by the encoder 130 and
the metadata composer 140 in a bitstream with a multi-view
video format (S750).

The bitstream generated by the multi-view video encod-
ing apparatus 100 may be transmitted to a client device
including the multi-view decoding apparatus 200 or stored
in a digital storage medium.

FIG. 8 is a view illustrating a difference of a synthesized
video when both a basic view video and an additional view
video are compressed by a quantization parameter, and FIG.
9 is a view illustrating a difference of a synthesized video
when a basic view video and an additional view video are
compressed by different quantization parameters.

In order to verify the efficiency of a method proposed in
one embodiment of the present disclosure, a simulation was
performed by selecting three common test conditions videos
defined in MPEG-I. The HEVC test model (HM) version
16.20 was used for video encoding, and a video with one or
more patches was defined as an additional view.

Quantization parameters applied to transform data of
basic and additional view videos were composed of QP1 to
QPS5, and encoding was performed by increasing a value of
a quantization parameter for an additional view by one step
(that is, by using a quantization parameter with lower
quality) as compared to a basic view.

Unlike FIG. 8, FIG. 9 may show that loss occurs only to
a portion affected by synthesis, and this suggests that quality
loss in compression may occur in a different way from
existing videos according to an amount of information of an
additional view video.

After a basic view and an additional view were encoded
according to common test conditions and decoded again, a
quality assessment was calculated for an average when
original videos of each of the basic view and the additional
view were reconstructed. As a result, when quantization
parameters were asymmetrically applied between the basic
view videos and the additional view videos to perform
compression, bit rate gains of —-10% to 30% could be
obtained as compared to the existing compression.

That is, unlike a conventional 360-degree video, an
immersive video has a video synthesis process, and videos
with low importance may have a relatively small loss in a
finally synthesized video even when the quality of those
videos is lowered, and bandwidth transmission efficiency as
compared to quality is actually improved when additional
view videos with low importance were transmitted after the
quality thereof was lowered.

An asymmetrical quantization allocation technique and a
transmission technique, which are proposed through the
present disclosure, may be used for 6DoF immersive video
streaming. Immersive video streaming has a disadvantage in
that a very large bandwidth is required as a plurality of
videos are required for synthesizing virtual views which will
respond to a user’s view.

Through the technique according to an embodiment of the
present disclosure, the loss of video quality may be mini-
mized as each video is adaptively appreciated according to
its importance, and a bit rate transmitted herein may also be
effectively reduced.

An embodiment of the present disclosure is applicable to
streaming services splitting and transmitting bit streams
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such as MPEG DASH, Smooth Streaming of Microsoft,
HTTP Live Streaming (HLS) of Apple, and the like.

Various embodiments for a multi-view video processing
method and apparatus of the present disclosure may be
described briefly and clearly as follows.

A multi-view video encoding method according to one
embodiment may include: dividing a plurality of view
videos into a basic view video and an additional view video;
calculating a ratio of the additional view video to the basic
view video; obtaining transform coefficients by performing
a prediction operation and a transform operation for the
basic view video and the additional view video and obtain-
ing quantization transform coefficients by quantizing each of
the transform coefficients for the basic view video and the
additional view video into a plurality of quantization steps;
selecting, from the quantization transform coefficients quan-
tized into the plurality of quantization steps, quantization
transform coefficients quantized into a first quantization step
and a second quantization step, respectively, for the basic
view video and the additional view video based on the ratio;
and entropy-coding the selected quantization transform
coefficients.

In one embodiment, the ratio may be calculated as a ratio
at which the additional view video occupies a synthesized
video that the multi-view video decoding apparatus 200
synthesizes using the basic view video and the additional
view video.

In one embodiment, the ratio may be a ratio between a
pixel number of a synthesized video and a pixel number of
the additional view video.

In one embodiment, the selecting may include selecting
quantization transform coefficients quantized into the first
quantization step and the second quantization step to satisfy
a target rate distortion cost (RD-cost).

In one embodiment, whether or not the RD-cost is satis-
fied may be determined in a frame unit.

In one embodiment, when there is no quantization trans-
form coefficient quantized into a quantization step to satisfy
the RD-cost among the quantization transform coefficients
quantized into the plurality of quantization steps in the
selecting, modifying the pixel number of the basic view
video, applying the modified pixel number, dividing the
plurality of view videos into the basic view video and the
additional view video again, obtaining quantization trans-
form coefficients, and selecting a quantization transform
coefficient may be performed again.

In one embodiment, the calculating may include calcu-
lating the ratio in a group of picture (GOP) unit.

In one embodiment, the selecting may include dividing
the ratio into a plurality of ranges and determining a quan-
tization transform coefficient by applying a determined
quantization step to each of the basic view video and the
additional view video for each range.

In one embodiment, when ratios are a first value and a
second value smaller than the first value, respectively, and
second quantization steps applied for generating quantiza-
tion transform coefficients selected based on the first value
and the second value for the additional view video are a step
2-1 and a step 2-2, respectively, the step 2-2 may be a
quantization step with lower quality than the step 2-1.

In one embodiment, the dividing may include generating
a basic view atlas by selecting one or more basic view videos
from the plurality of view videos and generating an addi-
tional view atlas by removing an overlap with the one or
more basic view videos from the remaining view videos not
selected as the one or more basic from the plurality of view
videos and using remaining patch videos.
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In one embodiment, the multi-view video encoding
method may further include reflecting information associ-
ated with a quantization step applied for generating a
selected quantization transform coefficient in metadata
including configuration information of the basic view video
and the additional view video and/or control information for
generating a synthesized video from the basic view video
and the additional view video.

The multi-view video encoding apparatus 100 according
to another embodiment may include: an atlas generator for
generating a basic view atlas including a basic view video
selected as a basic view from views of a plurality of views
and a basic view atlas including a patch video, which is
generated by removing an overlapping portion with the basic
view video from an additional view video of a non-selected
remaining view and for calculating a ratio between the basic
view video and the patch video; an encoder for encoding the
basic view video in the basic view atlas and the patch video
in the additional view atlas by using a two-dimensional
codec; and a metadata composer for encoding and outputting
configuration information of the basic view atlas and the
additional view atlas and/or control information for control-
ling a synthesizing process of the basic view atlas and the
additional view atlas as metadata, and the encoder may
obtain transform coefficients by performing a prediction
operation and a transform operation for the basic view video
and the patch video, obtain quantization transform coeffi-
cients by quantizing each of the transform coefficients of the
basic view video and the patch video into a plurality of
quantization steps, select quantization transform coefficients
quantized into a first quantization step and a second quan-
tization step, respectively, for the basic view video and the
patch video from the quantization transform coefficients
quantized into the plurality of quantization steps based on a
ratio, and entropy-code the quantization transform coeffi-
cients.

In one embodiment, the ratio may be calculated as a ratio
at which the additional view atlas occupies a synthesized
video that a decoder synthesizes using the basic view atlas
and the additional view atlas.

In one embodiment, the ratio may be a ratio between a
pixel number of a synthesized video and a pixel number of
the additional view atlas.

In one embodiment, the encoder may select quantization
transform coefficients quantized into the first quantization
step and the second quantization step to satisfy a target rate
distortion cost (RD-cost).

In one embodiment, the encoder may perform an opera-
tion for determining whether or not the RD-cost is satisfied
in a frame unit.

In one embodiment, the atlas generator may calculate the
ratio in a group of picture (GOP) unit.

In one embodiment, the encoder may divide the ratio into
a plurality of ranges and determine a quantization transform
coefficient by applying a determined quantization step to
each of the basic view video and the patch video for each
range.

In one embodiment, when ratios are a first value and a
second value smaller than the first value, respectively, and
second quantization steps applied for generating quantiza-
tion transform coefficients selected based on the first value
and the second value for the additional view video are a step
2-1 and a step 2-2, respectively, the step 2-2 may be a
quantization step with lower quality than the step 2-1.
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In one embodiment, the metadata composer may reflect
information associated with a quantization step applied for
generating a selected quantization transform coefficient in
metadata.

A multi-view video decoding apparatus according to still
another embodiment may include: a texture decoder for
generating a basic view atlas and an additional view atlas by
decoding encoded texture data of a basic view and an
additional view using a two-dimensional codec; a metadata
parser for analyzing metadata including configuration infor-
mation of the basic view atlas and the additional view atlas
and/or control information for controlling a synthesis pro-
cess of the basic view atlas and the additional view atlas; an
atlas patch occupancy map generator for generating a patch
occupancy map by determining a location and a direction, in
which a patch video in the additional view atlas is to be
placed, by using the metadata; and a renderer for generating
a video responding to a viewer’s movement from the basic
view atlas and the additional view atlas by using the meta-
data and the patch occupancy map, and the metadata may
further include information associated with a quantization
step applied for generating quantization transform coeffi-
cients of a basic view video and the patch video, the texture
decoder may dequantize the quantization transform coeffi-
cients of the basic view video and the patch video by using
the information associated with the quantization step, recon-
struct residual samples by inversely transforming the
dequantized transform coefficients, and reconstruct the basic
view video and the patch video by generating reconstructed
samples by means of the residual samples and prediction
samples generated by a prediction operation, and the quan-
tization step applied to a transform coefficient of the basic
view video and the quantization step applied to a transform
coefficient of the patch video may be determined as different
values based on a ratio between the basic view video and the
patch video.

FIG. 10 is a view illustrating examples of visual volu-
metric video coding (V3C) tiles used in V3C and MIV.

Referring to FIG. 10, an atlas may be divided into one or
more V3C tiles, and patch information with redundancy
between views being removed may be packed according to
each V3C tile. No patch may be inserted into a specific
rectangular region. As a V3C tile may correspond to a
packing unit, the V3C tile may be referred to as ‘packing
tile’.

FIG. 11 is a view illustrating an example where an atlas,
to which a V3C tile is applied, is encoded by applying a tile
or a sub-picture in HEVC or VVC.

A basic view video 1100, which is a criterion for remov-
ing redundancy between views, may be packed in a single
V3C tile and thus be encoded as a single tile or a single
sub-picture. Patches extracted from additional view videos
1110 and 1120 with redundancy between views being
removed may be packed in different V3C tiles within an
atlas and thus be encoded in different tiles or sub-pictures.

FIG. 12 is a flowchart illustrating a multi-view video
encoding method according to one embodiment of the
present disclosure.

Referring to FIG. 12, the multi-view video encoding
apparatus 100 may determine a size of a V3C tile (packing
tile) (S1210). The number of V3C tiles and a size thereof
may be determined in consideration of a size of a basic view
video. For example, the size of a V3C tile may be deter-
mined to be the same as the size of a basic view video or
determined based on the size of a coding tree unit (CTU) in
consideration of efficiency in video compression.
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The multi-view video encoding apparatus 100 may gen-
erate an atlas and an MIV bitstream for a multi-view video
(S1220). For example, based on the size of the V3C tile
determined at step S1210, patch packing may be performed
in a V3C tile unit within an atlas, and the MIV bitstream
representing packing metadata may be generated. In this
case, a patch occupancy rate within the V3C tile may be
recorded. The packing metadata may be referred to as
‘information on packing’ or ‘packing information’, and the
MIV bitstream, in which the packing metadata (packing
information) is encoded, may be referred to as ‘fourth
bitstream’.

The multi-view video encoding apparatus 100 may divide
and encode the atlas (S1230). The atlas may be divided into
one or more tiles or one or more sub-pictures, and the tiles
or the sub-pictures may correspond to sub-regions of the
atlas. In addition, the atlas may be divided into one or more
sub-regions based on the size of the V3C tile determined at
step S1210. The atlas (or one or more sub-regions) may be
encoded in a plurality of different quantization parameters.
A first bitstream may be generated through the division and
encoding of the atlas.

The multi-view video encoding apparatus 100 may extract
a second bitstream for the sub-regions from the first bit-
stream (S1240). The second bitstream for the sub-regions
may correspond to a bitstream one or more tiles or one or
more sub-pictures in which the atlas is divided. That is, the
second bitstream may be generated by extracting individual
tiles or individual sub-pictures corresponding to sub-regions
from the first bitstream.

The multi-view video encoding apparatus 100 may cal-
culate a predetermined bit rate (S1250). The predetermined
bit rate may be determined based on a patch occupancy rate
in a V3C tile. For example, based on the patch occupancy
rate in the V3C tile, a bit rate may be calculated according
to each tile or sub-picture bitstream (second bitstream)
including the V3C tile.

The multi-view video encoding apparatus 100 may gen-
erate a third bitstream by merging second bitstreams with the
predetermined bit rate among second bitstreams (S1260).
That is, the multi-view video encoding apparatus 100 may
generate the third bitstream by selecting and merging tile or
sub-picture bitstreams satisfying the bit rate calculated at
step S1250.

The multi-view video encoding apparatus 100 may trans-
mit the third bitstream and the MIV bitstream (S1270).

FIG. 13 is a flowchart illustrating a multi-view video
decoding method according to one embodiment of the
present disclosure.

Referring to FIG. 13, the multi-view video decoding
apparatus 200 may acquire the third bitstream and the MIV
bitstream (S1310). The third bitstream may be generated by
merging second bitstreams with the predetermined bit rate
among second bitstreams, and the MIV bitstream may be
generated by encoding the packing metadata (packing infor-
mation).

The multi-view video decoding apparatus 200 may gen-
erate an atlas by decoding the third bitstream (S1320) and
generate a video (atlas video) composed of pixels based on
the generated atlas.

The multi-view video decoding apparatus 200 may gen-
erate a multi-view video using the atlas video and the MIV
bitstream (S1330). For example, the multi-view video
decoding apparatus 200 may generate a virtual view video
responding to a user’s view by using the atlas video and the
MIV bitstream. The virtual view video thus generated may
be expressed through a display.
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According to the present disclosure, a transmission band-
width may be reduced while minimizing quality loss.

In addition, according to the present disclosure, as a
quantization step is adaptively selected according to a fea-
ture or importance of the video, a high-quality video may be
transmitted using a more efficient bandwidth.

In addition, according to the present disclosure, a bit-
stream with bit rates differentially allocated according to
each tile may be constructed using only a small calculation.

In addition, according to the present disclosure, parallel
processing is possible when decoding a bitstream composed
of one or more tiles or sub-pictures.

It is to be understood that effects to be acquired by the
present disclosure are not limited to the aforementioned
effects, and other effects not mentioned herein will be
apparent to those of ordinary skill in the art to which the
present disclosure pertains from the following description.

In the above-described embodiments, methods are
described as a series of steps or units based on a flowchart,
but the present disclosure is not limited to any sequence of
steps, and some steps may occur in a sequence different from
what is described above or at the same time as other steps.

In addition, those of ordinary skill in the art will under-
stand that steps in a flowchart are not exclusive from each
other and another step can be included or one or more steps
of the flowchart can be removed without affecting the scope
of the present disclosure.

The above-described embodiments include various
aspects of examples. All the possible combinations for
expressing such various aspects cannot be described, but
those of ordinary skill in the art will know that another
combination is possible. Accordingly, the present disclosure
may include any other replacements, modifications, and
changes within the claims below.

The above-described embodiments of the present disclo-
sure may be implemented in a form of program instructions,
which are executable by various computer components, and
recorded in a computer-readable recording medium. The
computer-readable medium may include program instruc-
tions, data file, data structures, and the like either separately
or in combinations thereof. Program instructions recorded in
the computer-readable medium may be designed and con-
figured specially for the present disclosure or be available as
already known to those skilled in the art of computer
software. Examples of the computer-readable recording
medium include magnetic recording media such as hard
disks, floppy disks, and magnetic tapes, optical data storage
media such as CD-ROMs or DVD, magneto-optimum media
such as floptical disks, and hardware devices such as read-
only memory (ROM), random-access memory (RAM), flash
memory, etc., which are particularly structured to store and
implement the program instructions. Examples of the pro-
gram instructions include not only a mechanical language
code formatted by a compiler but also a high-level language
code that may be implemented by a computer using an
interpreter. The hardware devices may be configured to be
operated by one or more software modules or vice versa to
conduct the processes according to the present disclosure.

In the above-described embodiments, methods are
described as a series of steps or units based on a flowchart,
but the present disclosure is not limited to any sequence of
steps, and some steps may occur in a sequence different from
what is described above or at the same time as other steps.
In addition, those of ordinary skill in the art will understand
that steps in a flowchart are not exclusive from each other
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and another step can be included or one or more steps of the
flowchart can be removed without affecting the scope of the
present disclosure.

The above-described embodiments include various
aspects of examples. All the possible combinations for
expressing such various aspects cannot be described, but
those of ordinary skill in the art will know that another
combination is possible. Accordingly, the present disclosure
may include any other replacements, modifications, and
changes within the claims below.

The above-described embodiments of the present disclo-
sure may be implemented in a form of program instructions,
which are executable by various computer components, and
recorded in a computer-readable recording medium. The
computer-readable medium may include program instruc-
tions, data file, data structures, and the like either separately
or in combinations thereof. Program instructions recorded in
the computer-readable medium may be designed and con-
figured specially for the present disclosure or be available as
already known to those skilled in the art of computer
software. Examples of the computer-readable recording
medium include magnetic recording media such as hard
disks, floppy disks, and magnetic tapes, optical data storage
media such as CD-ROMs or DVD, magneto-optimum media
such as floptical disks, and hardware devices such as read-
only memory (ROM), random-access memory (RAM), flash
memory, etc., which are particularly structured to store and
implement the program instructions. Examples of the pro-
gram instructions include not only a mechanical language
code formatted by a compiler but also a high-level language
code that may be implemented by a computer using an
interpreter. The hardware devices may be configured to be
operated by one or more software modules or vice versa to
conduct the processes according to the present disclosure.

Although the present disclosure has been described in
terms of specific items such as detailed elements as well as
the limited embodiments and the drawings, they are only
provided to help more general understanding of the present
disclosure, the present disclosure is not limited to the above
embodiments, and those of ordinary skill in the art to which
the present disclosure pertains can make various modifica-
tions and changes from the above description.

Therefore, the spirit of the present disclosure shall not be
limited to the above-described embodiments, and the entire
scope of the appended claims and their equivalents will fall
within the scope and spirit of the present disclosure.

What is claimed is:

1. A multi-view video encoding method, which is per-
formed in a multi-view video encoding apparatus, the
method comprising:

generating first bitstreams for each of a plurality of

quantization parameters (QPs) different from each
other by encoding an atlas for a multi-view video in the
quantization parameters;

extracting second bitstreams for sub-regions in the atlas

from the first bitstreams; and

generating a third bitstream by merging, among the sec-

ond bitstreams, second bitstreams with a predetermined
bit rate,
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wherein the atlas is divided based on a size of a packing

tile, and

wherein the size of the packing tile is determined based on

a size of a basic view video of the multi-view video.

2. The method of claim 1, wherein the sub-regions are
tiles or sub-pictures.

3. The method of claim 1, wherein the predetermined bit
rate is determined based on a patch occupancy rate within
the packing tile corresponding to the unit of packing.

4. The method of claim 1, further comprising generating
a fourth bitstream by encoding information on packing.

5. A multi-view video decoding method, which is per-
formed in a multi-view video decoding apparatus, the
method comprising:

acquiring a third bitstream, in which an atlas for the

multi-view video is encoded, and a fourth bitstream in
which packing information is encoded;

generating the atlas by decoding the third bitstream; and

generating the multi-view video based on the atlas and the

packing information,

wherein the atlas is divided based on a size of a packing

tile, and

wherein the size of the packing tile is determined based on

a size of a basic view video of the multi-view video.

6. A multi-view video encoding apparatus comprising:

a memory; and

at least one processor,

wherein the at least one processor is configured to:

generate first bitstreams for each of a plurality of quan-

tization parameters (QPs) different from each other by
encoding an atlas divided into at least one sub-region in
the quantization parameters,

extract second bitstreams for the sub-region from the first

bitstreams, and

generate a third bitstream by merging, among the second

bitstreams, second bitstreams with a predetermined bit
rate,

wherein the atlas is divided based on a size of a packing

tile, and

wherein the size of the packing tile is determined based on

a size of a basic view video of the multi-view video.

7. A method for transmitting a bitstream generated by a
multi-view video encoding method, the method comprising:

generating first bitstreams for each of a plurality of

quantization parameters (QPs) different from each
other by encoding an atlas divided into at least one
sub-region in the quantization parameters;

extracting second bitstreams for the sub-region from the

first bitstreams; and

generating a third bitstream by merging, among the sec-

ond bitstreams, second bitstreams with a predetermined
bit rate,

wherein the atlas is divided based on a size of a packing

tile, and

wherein the size of the packing tile is determined based on

a size of a basic view video of the multi-view video.
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