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Abstract— In this study, we propose an efficient atlas coding
strategy for the object-based MPEG Immersive Video (MIV)
coding standard. The main concept of Object-based MIV is to
use a video codec, such as High Efficiency Video Coding (HEVC)
or Versatile Video Coding (VVC), to compress the 2D atlas
videos generated from objects of interest videos taken through
multiple cameras located in multiple positions in 3D space.
However, the current coding method on the atlas in MIV is not
effective for coding the objects of interest in videos because there
are some cases where the atlas has an unnecessary area
generated from the MIV encoder. If there is such an area that is
not used in the atlas, the amount of computation required for
coding can be reduced by decreasing the atlas resolution during
encoding. The proposed method shows that the weighted-to-
spherically uniform PSNR (WS-PSNR) based Bjentegaard delta
rate gains between -8.2% and -10.1%, and the Immersive Video
PSNR (IV-PSNR) based on the Bjontegaard delta rate gains
between -5.7% and -7.1% compared to the reference model of
MIV.

Keywords— Immersive video coding, MPEG immersive
video, 6DoF video coding, Object-based coding, Metaverse,
versatile video coding, high efficiency video coding

L. INTRODUCTION

Virtual reality (VR) and augmented reality (AR) are key
technology areas in metaverse applications. The field of
research to support VR/AR in the metaverse is immersive
media where the user can experience three or six degrees of
freedom (DOF). This capability provides users with a more
realistic experience of viewing sports events, education and
training, video conferences, and virtual tourism.

With the goal of providing use cases using immersive
media, 360-degree video is a technology that allows users to
view videos in all directions. However, it only supports three
degrees of freedom (3DoF), meaning that it does not support
motion parallax when an object moves relative to the viewer
or when the viewer moves relative to an object in a fixed
position [1], [2]. This limitation calls for a 6DoF immersive
video service in which users can fully immerse themselves [1].
Immersive video that supports 6DoF can provide users with
an experience that is similar to seeing the surroundings in the
real world, as it supports motion parallax and considers
changes in the viewer's position [1].

The Moving Picture Experts Group (MPEG) started
standardization for coding immersive videos and developed
the MPEG Immersive Video (MIV) coding standard (ISO/IEC
23090-12). The standard compresses videos of real or virtual
3D scenes using multiple cameras within a viewing space [1],
[3]. The standardization of MIV has undergone several
updates with a new version of the MIV incorporating new
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technologies adopted through MPEG meetings. MIV reached
the International Standard (IS), and further standardization
efforts are underway to develop MIV edition 2 [4], [5].

Among the new use cases mentioned for developing MIV
Edition 2 in MPEG, composition and compression for object-
based MIV content were discussed [5]. Significant
compression efficiency, real-time encoding and decoding
performance are required to allow users to experience high-
quality 6DoF contents [5]. This quality is essential because the
6DoF video allows dozens of views and depths can be
acquired simultaneously from multiple locations in the
viewing space [6].

Researchers have studied methods for object-based MIV.
One study [7] demonstrated an object-based MIV that enables
the encoding and selective rendering for objects of interest.
However, the complexity of object-based coding needs to be
reduced because it results in excessive weight in metaverse
scenarios. The capacity of the metaverse is important for
delivering high-quality videos to end users with a limited
bandwidth. This limitation of 6DoF video consists of dozens
of videos and depths acquired simultaneously from multiple
locations in the viewing space [5]. If object-based coding is
performed, the coding time and complexity would be further
increased because numerous videos are required to compose a
6DoF video, and object units have to be processed.

This paper presents an enhanced approach to reduce this
complexity and improve the coding efficiency of object-based
MIV coding. If coding is performed on an object basis, there
is almost no need to use all areas within the atlas video output
after running both the MIV encoder and decoder. The
complexity can be reduced by coding only the necessary area
corresponding to the object. In addition, the bitrate can be
reduced when compressing the atlas video with only the
necessary areas corresponding to the object. The proposed
method crops the atlas video to fit the packed patch by
utilizing the patch information in the MIV encoder. The
proposed method can enhance the end-to-end coding
efficiency by minimizing unnecessary areas in the atlas video.
The proposed method can support high-quality object-based
6DoF content to provide a hyper-real metaverse experience.

The remainder of this paper is organized as follows. In
Section II, we introduce a basic description of the MIV codec
and the process of object-based coding in the TMIV encoder.
The patch packing process in the TMIV encoder and the
limitations of the processing atlas are also explained. The
proposed atlas coding strategy using a cropping algorithm is
described in Section III. In Section IV, we evaluate the
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Figure 1. Overall architecture of the TMIV Encoder .

proposed method under the conditions of miv_main_anchor
and entity-based. Finally, we conclude the paper in Section V.

II. BACKGROUND

A. Encoding process in MIV

Figure 1 shows the overall architecture of the MIV
encoder including multiplexing and video compression. In the
process of preparing the source material, the MIV encoder
selects basic and additional views such that the redundancy of
the selected basic views is spatially minimized. The basic
views are selected based on the partitioning around medoids
(PAM) algorithm and camera arrangement [8], [9]. The
number of basic views is determined by calculations using the
encoder configuration. Views other than the basic view are
counted as additional views.

The process of pruning pixels involves measuring the
interview redundancy in additional views, resulting in pruning
masks that indicate the pixels that should be preserved [10]. In
the process of generating an atlas video, the views labeled as
basic views are preserved without pruning. On the other hand,
the additional views are pruned by considering their spatial
and visual overlap with the basic view and views that have
already been pruned. Pruning pixels from these views
involves projecting the basic view or pruned views onto the
additional views in a hierarchical order based on the pruning
graph. Unpruned pixels in the additional view are stored in a
pruning mask [1]. The pruning mask affects the formation of
the atlas video by accumulating over a range of consecutive
video frames within an intra-period, thereby efficiently
encoding the atlas video. The number of accumulated pixels
in the pruning mask increases, particularly in regions with
motion [9]. Because the pruned pixels are subsequently stored
in a limited number of atlas videos through several processes,
not all the increased pruning pixels are likely to be stored in
the atlas video in cases of dynamic motion within regions.

Patches are formed through clustering, which involves
combining pixels into a pruning mask [10]. A cluster is a set
of connected pixels within the mask, and each cluster has a
bounding box around it. To compress the atlas video more
efficiently, it is advisable to reduce invalid pixels by merging
or splitting the clusters within the bounding box. Patches
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formed through clustering are packed into the atlas using the
MaxRect algorithm [11]. Patches are rotated or flipped to
optimize packing efficiency and are packed into the atlas in
the order of decreasing size. After the patch packing process,
the geometry atlas video data and attribute atlas video data are
generated, as shown in figure 2. The geometry atlas video data
is then scaled and quantized.

T ML

Figure 2. Atlases videos generated by MIV encoder: 2 texture videos and 2
geometry videos of Museum sequence.

After the atlas video is generated by the MIV encoder, the
attribute and geometry video raw data are encoded using a 2-
D video codec, such as HEVC or VVC. During the bitstream
formatting process, the bitstream containing the metadata
generated by the MIV encoder and compressed bitstreams
from the 2-D video codec are multiplexed into a single
bitstream. This process creates a single bitstream that is
suitable for storage, transmission, and MIV decoding.

B. Encoding Processes of entity-based coding in MIV

Figure 3 shows the architecture of an entity-based MIV
encoder. The entity-based MIV encoder features an object
separator and entity-based atlas constructor. Entity-based
coding requires an object component that indicates the objects
corresponding to the pixels within the input content. In the
entity-based MIV encoder, the object components are inputted
along with the geometry component, attribute component, and
view parameters. Figure 4 shows an input source in the entity-
based MIV encoder, where objects in the video are shown with
colors applied to make them easier to see. The entity-based
MIV encoder labels the basic and additional views within the

Copyright 2025. Global IT Research Institute (GIRI). All right reserved.



The 27th International Conference on Advanced Communications Technology (ICACT2025) 255

Baakr s=d Adfrbznsl Vew Persmarter

S 'k =T Bash ‘hirmri
i [Tectars, Dapth, Dbjsci]
Iy - Esdc all -
1 Dbfocts | Lywers e ",
Separdter | Tovtiure, AT i D y
[ |
T TE whiae 1 = 1 - ﬂlh,hrl L]
Extracti |
| e e L el e D
Grndivartry Cinsteliniil Wadi ] View [ — 1
7 Dptirnizer ,|"""“f"“ ‘I Clubar
mergieg -
. Ot Djecty
At Companerd Vides | [ [ il |\ N
|Ihr|.ru.m||.1:,_ ,.[ Paugy ] _Il'ﬂ"“ﬂ'"';"]
Il Otect Compoment vides | d — | o G EK
L o L ~Additiznal
Lipery
Widh ki BRI | Additiznal Ve [Texters
' [Tertues, Depih, Disjec] Depithi '.‘
1'\-\.

Figure 3. Overall architecture of the entity-based MIV Encoder.

input source views. However, the basic views in the entity-
based MIV encoder are used only for pruning and packing,
and not for streaming all basic view data. This is because each
patch only carries pixels that belong to its own object [7].

Figure 4. Object component videos used as the input source of entity-based
MIV encoder: Museum sequence (left) and Chess Pieces sequence (right).

Object layers, including basic and additional layers, are
extracted from geometry component videos and attribute
component videos using object component videos. Basic
masks are updated in the object masker using basic layers, and
pruning masks are generated through a pruner that measures
the interview redundancy object by object in the additional
layers based on basic layers [7]. The object masks consist of
ObjectID, which indicates that objects are merged with the
basic masks. This allows the ObjectID to be tracked and the
patches can be tagged with the right ObjectID [7]. The pruning
masks and merged object masks are aggregated by the
aggregator. The aggregator then finishes the accumulation of
the masks after processing all frames within an intra-period
[7]. Clustering is performed for each object, and the clusters
are tagged with the related objectIDs and queued together [7].
Patches generated from clusters are packed into the atlas to
create raw attribute and geometry video data.

C. Patch packing into Atlas in MIV

Patches generated from clustering are packed into atlases
to create compact atlas videos to improve coding efficiency.
All patches are sorted in decreasing order before patch
packing [1], [9]. Then, the MaxRect algorithm [11] is used in
the encoder to sequentially pack the patches, offering the
advantages of high packing efficiency and speed. Patch
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packing in the MIV encoder can provide options for the
patches to be rotated 90°, 180° and 270°, or for the patches to
be flipped vertically according to the given syntax [1]. The
algorithm that packs patches starting from the top-left corner
of the free space within the atlas is used in the reference
software of the MIV encoder. There are occupied regions in a
patch, and the patches are packed so as not to invade each
other's occupied regions [12]. As patches are packed in order
of size, free space exists between the occupied regions of the
packed patches. If there is a patch that can be packed in free
space between occupied regions, the patch can be packed. The
MIV decoder must support the process of patch packing in
reverse. Therefore, the MIV bitstream includes metadata such
as the packing order, position and size of each patch, and the
source view index from which the patch is extracted [1], [9].

D. Limitations in calculating the parameters of atlas in
V114

In the initial stage, the frame size and the number of atlases
are calculated wusing source view information and
configurations. The configurations such as the maximum size
of a picture in luma samples, the maximum luma sample rate
and the maximum number of atlases are also included in the
calculation of the parameters of the atlas. The width of the
atlas frame is typically set to the widest source view [1]. And
the height of the atlas frame is set as large as possible within
the range of value calculated using configuration and the
width of the atlas frame. The number of atlases is calculated
using the configuration, and it does not exceed the maximum
number of atlases set in configuration. The parameters of atlas
are calculated before generating the atlas video, and the
generation of atlas video is processed in Group of Pictures
(GOP) units based on the calculated atlas parameters.
However, the calculation of atlas parameters is not processed
in GOP units. Therefore, adjusting the frame size and the
number of atlas videos differently in GOP units has not yet
been supported.

III. CROPPING ALGORITHM FOR ATLAS
CODING BASED ON PATCH PACKING IN MIV

The proposed cropping algorithm for atlas coding is based
on the patch packing algorithm used in the MIV. Patch
packing in MIV places the patches into an atlas without
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overlapping the occupied regions. Each patch can be rotated
or flipped for proper placement in an atlas. Then, there are
patch lists for each atlas with information that indexes the
upper left position and sizes of the patch. The proposed
method is designed to reduce the resolution of the video called
atlas (Figure 2) generated by MIV encoder. The proposed
method minimizes the resolution of the atlas videos using
patch information that indexes the upper left position and size
of each patch’s width and height. The atlas videos can be
cropped to videos with a minimal bounding box by using the
patch information shown in figure 5.

Leenaraied ASUn vidkes By’ MDY Endnder

Figure 5. Proposed atlas cropping in MIV encoder using patch information

Each patch packed within the atlas has a rectangular shape.
Each patch has its own coordinates for the upper-left point,
horizontal length, and vertical length. In figure 5, which shows
the i-th patch being packed, X; represents the x coordinate of
the upper left point of the patch, and Y; represents the y
coordinate of the upper left point of the patch. A value called
W; represents the horizontal length of the patch, and a value
called H; represents the vertical length of the patch. The
coordinates of the bottom-right point of patch (B) can be
calculated using patch information as follows:

XE =X+ W, (1)
YE =Y +H @)

where X; is the top left x coordinate of i-th patch, ¥; is the
bottom left of y coordinate of i-th patch, W; is the width of i-
th patch, H; is the height of i-th patch.

In the TMIV reference encoder [10], patches are packed in
order from the largest to the smallest within the atlas frame.
The patches are packed from the upper left corner of the atlas
frame, and patch packing occurs until there is no valid region
within the atlas frame. Each patch packed in the atlas has its
own coordinates of the bottom right side of the patch. Among
the x and y coordinates of the bottom right corner of the patch
for each patch, the x and y coordinates furthest from the upper
left corner of the atlas can be calculated. The x coordinate
furthest from the upper left corner of the atlas can be set as the
horizontal length of the cropping atlas. The y coordinate
furthest from the upper left corner of the atlas can be set as the
vertical length of the cropping atlas. The horizontal and
vertical lengths of the cropping atlas (CA) are selected from
the maximum value among the coordinates as follows:
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CA, = max(X?) 3)
CA, = max(Y?) 4)

where X2 represents the bottom-right x coordinate of the i-th
patch, and Y;B represents the bottom-right y coordinate of the
i-th patch. We select the maximum values of X;® and Y®
among all the patches as CA, and C4,, respectively.

When cropping an atlas, the complexity of the proposed
method, which uses patch list information that indexes the
position and size of each patch, is lower than that of the
method that calculates the valid pixels of patches in the atlas
after the patch packing is completed. The proposed method
simply searches for position and size information for at least
one to hundreds or thousands of patches. However, to
determine the cropped atlas size for an atlas in which the
process of patch packing is completed, the valid pixels of the
patches must be examined within a number of pixels
corresponding to the size multiplied by the width and height
of the atlas. For example, if the atlas has a height of 4096 and
a width of 2048, the amount of 8,388,608 (=4096x2048)
pixels need to be checked to determine whether each pixel
corresponds to the patch or not. In this process, the number of
pixels that must be examined is often hundreds of thousands
or more. Therefore, it can be proposed that the method using
the position and size information of each patch in the patch list
is an effective method for cropping the atlas in the MIV
encoder.

After cropping the atlas videos, the resolution of each atlas
video may vary from frame to frame in some cases. This is
because the resolution of the bounding box may vary
depending on the result of the packed patches within the atlas,
on a frame-by-frame basis. The resolution of the atlas with the
minimum bounding box is calculated to contain all patches
within a GOP unit. A cumulative computing process is applied
per frame to obtain the minimum width and height of the
bounding box within a GOP unit. The width and height of the
bounding box surrounding all packed patches are used as the
cropping area size for the atlas video. The resolution of the
cropping atlas was set to a multiple of 128, considering the
CTU (Coding Tree Unit) size set in the VVenC configuration.

IV. EXPERIMENTAL RESULTS

Experiments are conducted to evaluate the proposed
cropping algorithm for atlas coding in MIV. The cropping
algorithm is implemented on top of the patch-packing process
in the TMIV. The proposed method is evaluated under
common test conditions (CTC) [13] of the MIV in the
configuration of the MIV main anchor. The proposed method
is also evaluated for the configuration of entity-based coding.
The test conditions for the experiments and their results are
described below.

A. EXPERIMENTAL CONDITIONS

In this study, two experiments were conducted. First, we
conducted a comparative experiment using the original TMIV
and the proposed method in the TMIV with the MIV main
anchor configuration. When testing the MIV reference
software, the experiment is conducted based on the MIV main
anchor. The experiment is conducted using CTCs to fairly
compare the result of the experiment.

Second, we compared the coding efficiency of each object
using an entity-based coding configuration. Among the
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datasets of several sequences listed in Table 1, only the
museum sequence was used. This is because the object map
video needs to use an entity-based coding configuration, and
the museum sequence provides the necessary information
related to the object map video. However, to conduct
experiments by coding each object, two modifications are
needed from the existing Peak Signal-to-Noise Ratio (PSNR)
measurement method. First, the original source files separated
for each object are required to measure the PSNR for each
object. An object map is required to create the original files
separated by an object. It is possible to separate objects using
object ID information in the object map. Second, when
measuring the PSNR, some objects may not exist in a specific
view. The PSNR in MIV measures the PSNR for multiple
views that are defined in the dataset and CTC. However, when
PSNR is measured by coding for each object, the results are
identical to the original file that is separated by the object for
views where no object exists. Therefore, the PSNR must be
measured by excluding specific views in which no object
exists for each object. This makes it possible to accurately
measure the PSNR for each object.

Anchor is defined as the MIV main anchor in CTCs.
Because the definition of the TMIV main anchor is coded with
TMIV and VVenC, some views are fully packed while taking
only patches of others [13]. The atlases generated by the
TMIV Encoder are compressed using the VVC open-source
software called VVenC [14]. As shown in Table 1, five rate
points for texture in VVenC are considered for the MIV main
anchor. One single-geometry QP corresponds to each texture
QP. The mapping from the texture QP; shown in Table 1 to
the geometry QP; is calculated as follows:

OP, = max(l, [-14.2 + 0.8 OPJ)  (5)[13]

TABLE 1. VARIOUS TEST SEQUENCES AND LISTS OF TEXTURE QPS
FOR EACH TEST SEQUENCE IN MIV MAIN ANCHOR [13]

RTETE TS LEl ] O A k4 L]

O lawigonn vbed 24 ! ] 35 s ' | |
uruer el o] CE S WO AN .k S WO e RPN e U
pr-TER ] = 1K ii 1] o1
siresrearntnt o (i ai i i i st i i i m i S

] i3 il 44 L} |
...................................................... _J.
Eikchen I 14 ] L] il
...................................................... i

[ =2 IT 1% ]| T 1 |
............ S e RN Pl ol o S R P M B e PSR i PR s |
Cirgmp 23 25 ] ) ir

An objective evaluation is performed by comparing all
synthesized views generated by the TMIV decoder between
the MIV main anchor and the proposed method. The objective
quality is evaluated using the software tool called IV-PSNR
[15]. The IV-PSNR software computes not only the [IV-PSNR
score, but also the WS-PSNR for both perspective and
omnidirectional content. Additionally, the BD-rate and BD-
PSNR values can be calculated using the IV-PSNR scores,
WS-PSNR scores, and bitrate of the compressed video,
considering all source views.

B. EXPERIMENTAL RESULTS

Table 2 lists the BDBR difference between the MIV main
anchor and the proposed method for each sequence. A ‘high’
BD-rate is the BD-rate calculated from QP1 to QP4 among the
five QPs, while the ‘low’ BD-rate is calculated from QP2 to
QP5. The average coding gain on Y-PSNR ranges from -0.0%
to -0.1%. The average coding gain on WS-PSNR ranges
between 0.1% and -0.0%. In the objective quality evaluation
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using Y-PSNR and IV-PSNR, it is observed that there is
almost no difference in the quality and bitrate between the
MIV main anchor and the proposed method.

TABLE II. HIGH/LOW BD-RATE OF Y-PSNR AND IV-PSNR ON 17
FRAMES BETWEEN THE MIV MAIN ANCHOR AND THE PROPOSED METHOD
FOR EACH SEQUENCE.
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Table 3 presents a resolution comparison between the
uncropped and cropped atlas videos. Experiments were
conducted using two atlases (c00 and c01) for geometry and
texture. When encoding in TMIV with the MIV main anchor
configuration, patches are packed into the first atlas (c00) to
the extent that space is available for patch packing. The c00
atlas does not appear cropped. However, in the case of the c01
atlas, cropping occurs because there is an unused space where
patches are not packed. As seen in Table 3, it can be observed
through the reduction ratio that the cropping mainly occurs in
Co1.

TABLE III. RESOLUTION COMPARISON BETWEEN THE UNCROPPED AND
CROPPED ATLAS VIDEOS OF 17 FRAMES FOR EACH SEQUENCE.
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Table 4 presents a resolution comparison between
uncropped and cropped atlas videos for each entity. It shows
the extent of cropping for each entity when coding each object
using the object map in the museum dataset. Entities 0 to 5
represent objects such as walls or ceilings, while entities 6 to
24 represent objects such as people, animals, and sculptures.
The resolution of the cropped atlas varies depending on how
the patches are packed within the atlas for each entity. The
average resolution reduction ratio after cropping for entities 0
to 5 is 54%. The average resolution reduction ratio after
cropping for entities 6 to 24 is 93%. In other words, on average
more resolution reduction occurs after cropping for entities
such as people, animals, and sculptures compared to entities
such as walls and ceilings.
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TABLE IV. RESOLUTION COMPARISON BETWEEN UNCROPPED AND
CROPPED ATLAS VIDEOS OF 17 FRAMES FOR EACH ENTITY IN MUSEUM
SEQUENCE.
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Table 5 presents the BDBR differences between the entity-
based coding anchor and the proposed method for each entity.
The average coding gain in terms of Y-PSNR ranges from -
5.7% to -7.1%, while the average coding gain in WS-PSNR
ranges from -8.2% to -10.1%. From Tables 4 and 5, we can
observe that coding efficiency increases as more areas of the
atlas are cropped for each entity. It can be observed that a
significant resolution reduction in the atlas video due to
cropping tends to result in gains in the BD-rate.

TABLE V. HIGH AND LOW BD-RATES OF Y-PSNR AND IV-PSNR ON
17 FRAMES BETWEEN THE ENTITY-BASED CODING ANCHOR AND THE
PROPOSED METHOD FOR EACH ENTITY IN THE MUSEUM DATASET.
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Figure 6 displays snapshots of the atlas image frames from
the anchor and proposed methods for entities 4, 7,9, and 21 in
the museum sequence. The first row corresponds to the anchor
output, and the second row represents the output of the
proposed method. As shown in figure 6, it is evident that the
atlas resolution in the proposed method is reduced because of
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cropping in the remaining areas where patches are not packed.
In other words, when performing object-based coding, it can
be subjectively observed that the patches corresponding to the
objects actually occupy a small portion of the atlas area.

Figure 6. Anchor(first row) and proposal(second row) of atlas video for
entity 4(first column), 7(second column), 9(third column), 21(fourth
column) in museum sequence.

Figure 7 and figure 8 show the performance of the
proposed method compared to the anchor in terms of WS-
PSNR and IV-PSNR, respectively, for entities 4, 7, 9, and 21.
The horizontal axis represents the bitrate (in Mbps), and the
vertical axis represents the PSNR. Measurements were
performed at five different points. The results show that the
PSNR tends to be similar between the anchor and the proposal,
with the proposal sometimes being slightly lower than the
anchor. However, in terms of bitrate, the proposed method
consistently shows a reduction compared to the anchor.
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Figure 7. Entity-level WS-PSNR on 17 frames
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Figure 8. Entity-level IV-PSNR on 17 frames

Figure 9 shows examples of rendered viewports for
entities 4, 7, 9, and 21 in the museum sequence for QP1. The
left column displays the viewports rendered by the anchor, and
the right column shows the viewports rendered using the
proposed method. The first row corresponds to entity 4, the
second to entity 7, the third to entity 9, and the fourth to entity
21. From figure 9, we can compare the subjective quality
between the anchor and proposal for each object. Upon
comparing the subjective quality of the anchor and proposal,
no significant differences in the rendered results are apparent.
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Figure 9. Rendered anchor viewports (Left) and rendered proposed
viewports (right) of entity 4(first row), 7(second row), 9(third row),
21(fourth row) in the Museum sequence for QP1.

V. CONCLUSION

This study presents an efficient atlas coding strategy that
uses cropping algorithms to improve the performance of
object-based MIV. In the proposed method, the cropping
algorithm leverages the patch information generated during
the packing of patches in the MIV encoding. Using the
position of the upper-left point, along with width and height
information, the area of the atlas that requires cropping can be
calculated after the patches are packed, excluding the area of
the packed patches. The experimental results show that,
overall, the larger the cropped area of the atlas, the greater the
end-to-end coding gain. This is because a larger cropped area
ofthe atlas results in a lower bitrate generated during encoding.
The proposed method can provide an efficient coding strategy
for scenarios in which object-by-object coding is necessary. It
is particularly valuable in situations that require object-by-
object processing within a scene in application fields such as
VR and AR in the metaverse.
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