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Ⅰ. Introduction

As the utilization of 3D data continues to expand,

the importance of efficient storage and transmission

technologies is becoming increasingly critical.

Volumetric video, as a key enabler for immersive ex-

periences in virtual, Various fields, including autono-

mous driving, precision mapping, as well as virtual,

augmented, and extended reality (VR/AR/XR) content

and medical simulations, demand more precise 3D

representations[1]. For instance, in the medical field,

virtual environments and 3D models of the human

body provide valuable insights before actual proce-

dures[2]. These technologies are not only beneficial for

medical education but also serve as essential tools for

skilled surgeons performing complex operations.

Specifically, computed tomography (CT) scans and

magnetic resonance imaging (MRI) data can be trans-

formed into 3D visualizations, which are rendered in

virtual environments using graphics processing units

(GPUs)[3]. This enables medical professionals to con-

duct detailed analyses of a patient’ s condition,

streamline surgical planning, and enhance diagnostic

accuracy and treatment strategies. Beyond healthcare,

virtual reality is also actively utilized in retail and

e-commerce[4]. Retailers can showcase products in vir-

tual spaces without physically arranging them in

stores, allowing customers to experience products vir-

tually before making a purchase. In such environ-

ments, the ability to efficiently compress, store, and

rapidly transmit high-resolution 3D data is essential

for maximizing the effectiveness of 3D applications.

There are several methods for representing 3D data,

including mesh, volume data, and point cloud[5,6]. A

mesh constructs a 3D model using polygons such as

triangles or quadrilaterals and is the most commonly

used format in industries like computer graphics and

game engines. Volume data, on the other hand, repre-
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sents 3D objects by defining voxels-volume pixels that

encapsulate spatial information-making it particularly

useful for medical imaging, scientific visualization,

and data analysis. Point cloud representation is a key

technology due to its ability to precisely capture ob-

jects in three-dimensional space. A point cloud con-

sists of numerous individual points, each containing

spatial coordinates (x, y, z) along with additional at-

tributes such as color and reflectivity. Because of

these characteristics, point clouds have become a

widely adopted format for scanned data representation

and are extensively used in applications such as envi-

ronmental perception using LiDAR sensors, 3D mod-

eling, and realtime 3D streaming.

However, as the number of points in a point cloud

increases, its data size grows exponentially, making

efficient storage and transmission a critical chal-

lenge[6]. Compared to conventional images and videos,

point cloud data not only requires significantly larger

storage but also presents irregular structures and high

computational complexity. As a result, additional

technologies are needed for compression and

transmission. To address this issue, the Moving

Picture Experts Group (MPEG) under the

International Organization for Standardization/

International Electrotechnical Commission (ISO/IEC)

has established standards for the efficient compression

of 3D data, among which Geometry-based Point

Cloud Compression (G-PCC) is a key standard[7-9].

However, compression alone is not sufficient for effi-

ciently storing and utilizing 3D data. To seamlessly

integrate 3D data with existing multimedia content,

such as video, images, and audio, it is essential to

leverage an appropriate file format. The ISO Base

Media File Format (ISOBMFF), as defined in

ISO/IEC 14496-12, provides a flexible structure for

storing various multimedia data and has the potential

to effectively manage 3D bitstreams such as

G-PCC[10]. In this context, MPEG is in the process

of standardizing the “Carriage of G-PCC”, which de-

fines how G-PCC data is packaged within

ISOBMFF[11,12]. Encap-sulating G-PCC bitstreams

within ISOBMFF not only ensures compatibility with

existing multimedia streaming systems but also enhan-

ces the efficiency of 3D data storage and transmission.

Furthermore, storing G-PCC data within ISOBMFF

enables efficient navigation and access to specific 3D

frames using metadata and sample tables.

Additionally, the extensible file structure of

ISOBMFF allows for flexible adaptation to future re-

quirements of emerging 3D content.

This paper presents a systematic tutorial on how

to encapsulate G-PCC bitstreams within the

ISOBMFF, based on the specifications defined in

ISO/IEC 23090-18. To support a comprehensive un-

derstanding, it also incorporates essential background

concepts from ISO/IEC 23090-9 (G-PCC com-

pression) and ISO/IEC 14496-12 (ISOBMFF struc-

ture), which are prerequisites for fully interpreting the

23090-18 specification. The paper organizes and ana-

lyzes key elements such as the storage of G-PCC data

in the ISOBMFF track structure, the composition of

metadata, and the structure of sample tables. In addi-

tion, it compares the strengths and limitations of each

encapsulation method-including aspects not explicitly

described in the standard-and presents various applica-

tion scenarios. Through this, the paper aims to provide

an integrated understanding of 3D data storage and

transmission structures and to support the selection of

suitable encapsulation methods based on specific use

cases.

Ⅱ. Background

To understand how G-PCC bitstreams are encapsu-

lated within the ISOBMFF, it is essential to first grasp

the structure of the G-PCC bitstream and the founda-

tional elements of the ISOBMFF. Specifically,

ISO/IEC 23090-9 defines the compression format for

Geometry-based Point Cloud Compression (G-

PCC)[7], while ISO/IEC 14496-12 specifies the struc-

tural organization of the ISOBMFF[11]. These two

standards form the basis for the encapsulation guide-

lines described in ISO/IEC 23090-18[10]. This section

provides a brief overview of the G-PCC bitstream and

the relevant ISOBMFF components to support a clear-

er understanding of the encapsulation process.

2.1 G-PCC Bitstream
Point cloud data poses significant challenges in
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storage and transmission due to its large data size.

A single object can consist of an enormous number

of points, and each point may include various attribute

data, causing an exponential increase in data volume.

Therefore, compression and optimization techniques

are essential for efficiently handling point cloud data.

To address this issue, the MPEG under the ISO/IEC

has established compression standards, among which

G-PCC is a key technology. In G-PCC, spatial coor-

dinates and attribute information are separately com-

pressed as Geometry Data and Attribute Data,

respectively.

To efficiently store and transmit point cloud data

within the ISOBMFF, it is essential to optimize the

underlying data structures. Various data representation

formats are used for this purpose, and when G-PCC

bitstreams are employed, the Type-Length-Value

(TLV) format is adopted. As illustrated in Fig. 1, the

TLV format consists of three components: Type,

Length, Value.

• Type: indicates the kind of information contained

in the data block.

• Length: specifies the size of the Value field in

bytes.

• Value: contains the actual data content.

This structure facilitates the efficient separation and

processing of data with variable lengths. For example,

a Type value of 0 indicates that the data block con-

tains a Sequence Parameter Set, while a value of 2

denotes that it contains a Geometry Data Unit. A com-

plete list of Type values and their corresponding

meaning is provided in Table 1.

The G-PCC bitstream is generally structured as il-

lustrated in Fig. 2. It begins with the Sequence

Parameter Set (SPS), which contains fundamental in-

formation such as the compression profile and the

characteristics of the content. This is followed by the

Geometry Parameter Set (GPS) and Attribute

Parameter Set (APS),which provide the necessary

configuration for decoding geometry and attribute da-

ta, respectively. The Geometry Data Unit (GDU) and

the Attribute Data Unit (ADU) represent the actual

point cloud data in compressed form.

These data units are consistently represented using

the TLV format, where the Type value allows for easy

identification of each data block. As such, TLV is

highly effective for representing G-PCC data, offering

flexibility, extensibility, and structural clarity.

Fig. 1. TLV unit structure.

Type Description

0 Sequence Parameter Set

1 Geometry Parameter Set

2 Geometry Data Unit

3 Attribute Parameter Set

4 Attribute Data Unit

5 Tile Inventory

6 Frame boundary marker

7 Defaulted attribute data unit

8 Frame specific attribute properties data unit

9 User data data unit

Table 1. Value about TLV type.

Fig. 2. G-PCC bitstream structure.
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2.2 ISOBMFF Structure
The ISOBMFF is a standardized container format

defined in ISO/IEC 14496-12, designed to efficiently

store both time-based media data (such as audio and

video) and non-time-based media data (such as static

images). ISOBMFF operates on a flexible box-based

structure, where all data is hierarchically organized

within nested boxes(A “Box” refers to a container that

encapsulates a specific type of data, functioning sim-

ilarly to a folder in a file system by organizing and

distinguishing different types of information). Each

box serves a specific function and consists of a header

and a payload. The header includes the Size field, in-

dicating the box length, and a Four-Character Code

(4CC) field, which identifies the type of box and de-

fines its payload format. This structure allows

ISOBMFF to efficiently manage various media types

within a single file.

An ISOBMFF file is composed of multiple key

boxes, as illustrated in Fig. 3, and typically includes

the following core components:

• File Type Box (ftyp): Specifies the standard and

compatibility of the file by defining supported

brands.

• Movie Box (moov): Contains metadata that de-

fines the overall structure of time-based media.

Within the moov box, individual media streams

are organized into Track Boxes (trak), where

each track represents a different media type (e.g.,

video, audio, text, or other data).

• Media Data Box (mdat): Stores the actual media

content, including raw audio and video data.

• Metadata Box (meta): Manages non-time-based

media, such as static images. Unlike time-based

media, where metadata is stored in the trak box

inside the moov box and actual data is stored

in the mdat box, non-time-based media uses the

meta box for metadata storage, while actual con-

tent is placed in the mdat box or the Item Data

Box (idat).

In ISOBMFF, time-based media data is stored in

units called samples, which represent individual data

elements such as a single frame of video or a specific

duration of audio. A key concept in managing samples

is the sample entry, which defines codec information

and data format within a track, specifying how the

data should be decoded and processed. Each track can

contain multiple sample entries, which are stored in

Fig. 3. Example of basic ISOBMFF file structure.
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the Sample Description Box (stsd). Meanwhile,

non-time-based media data is stored in items, which

serve as the fundamental storage units for static

content. The key elements of the ISOBMFF-based

format used in this paper-including boxes, brand iden-

tifiers, sample entries, and track reference types are

summarized in Table 2.

Ⅲ. ISOBMFF Encapsulation for Carriage 
of G-PCC Bitstream

All encapsulation methods described in this sec-

tion(single-track, multi-track, and tile-based track) uti-

lize common elements of the ISOBMFF structure to

carry G-PCC bitstreams. Across these methods, each

track that carries point cloud data uses the following

conventions:

• The compatible_brands field in the File Type

Box (ftyp) must indicate the encapsulation type

used in this file. This value helps the decoder de-

termine the encapsulation structure.

• The handler_type in the Handler Box (hdlr) must

be set to volv to indicate volumetric content. This

Name Type Description

ftyp 

moov 

mdat 

trak

tkhd 

hdlr 

stsd 

gpcC 

ginf 

ctts 

stts 

meta 

idat 

iprp 

pitm 

gpst 

gpmt 

gpci 

gpe1 

gpeg 

gpc1 

gpcg 

gpeb 

gpcb 

gpt1 

gpca 

gpbt

box

box

box

box

box

box

box

box

box

box

box

box

box

box

box

brand

brand

brand

sample entry

sample entry

sample entry

sample entry

sample entry

sample entry

sample entry

track reference

track reference

File type box, defines the file format and compatibility

Movie box, includes the overall media structure and metadata

Media data box, stores the actual media data

Track box, stores individual media streams

Track header box, includes track ID, duration, etc.

Handler box, specifies the handler type for the track

Sample description box, contains sample entry information

G-PCC configuration box, defines decoder level settings such as profile and level

G-PCC component information box, describes geometry or attribute components

Composition offset box, specifies the composition time by providing offsets

Time to sample box, specifies decoding time intervals using sample count and delta pairs

Meta box, includes metadata for non-timed content

Item data box, stores static data

Item properties box, manages item properties

Primary item box, specifies the primary item

Brand identifier for single-track G-PCC encapsulation

Brand identifier for multi-track G-PCC encapsulation

Brand identifier for non-timed G-PCC track encapsulation

Used for single-track encapsulation; SPS/GPS/APS appear only in decoder config

Used for single-track encapsulation; SPS/GPS/APS may appear in config and sample

Used for multi-track encapsulation; SPS/GPS/APS appear only in decoder config

Used for multi-track encapsulation; SPS/GPS/APS may appear in config and sample

Used when geometry and attribute data are encapsulated together in the same tile track

Used when geometry and attribute data are stored separately in different tile tracks

Used in G-PCC tile track

Used when the referenced track is an attribute track

Used when the referenced track is a G-PCC Tile track

Table 2. Key elements of the ISOBMFF-based format used in this paper.
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informs the media system that the track contains

volumetric point cloud data.

• The sample entry must be one of the extended

volumetric types and include a com-

pressor_name field that specifies the com-

pression format. Each entry also contains G-PCC

Configuration Box (gpcC). This box provides the

configuration and parameter set information nec-

essary for decoder initialization.

• The gpcC box holds a decoder configuration re-

cord with the following fields:

- configurationVersion: Specifies the version of

the decoder configuration record.

- profile_compliant: Defines the profile that the

bitstream complies with.

- level_idc: Represents the performance level of

the decoder.

The gpcC box also includes a setupUnit array, which

stores immutable parameter sets in TLV format. These

parameter sets consist of SPS, GPS, and APS. The

exact contents of the setupUnit array depend on the

encapsulation method, as described in each sub-

section.

3.1 Single-Track Encapsulation
The single-track encapsulation method involves

storing the entire encoded point cloud sequence within

a single track. This approach allows for the straight-

forward storage of a G-PCC bitstream in ISOBMFF

without requiring additional preprocessing or

demultiplexing. To indicate single-track usage, the

compatible_brands field in the ftyp box must be set

to gpst. The sample entry must be of type gpe1 or

gpeg. These formats differ in where the parameter sets

are included.

• In gpe1, all parameter sets must be included in

the setupUnit array and reused across all

samples. This format is efficient for content with

fixed configurations, as it simplifies decoder ini-

tialization and reduces per-sample overhead (As

shown in Fig. 4).

• In gpeg, parameter sets may be included in the

setupUnit array or embedded directly in each

sample. This format provides flexibility for dy-

namic content, as it allows mid-sequence config-

uration updates without modifying the global set-

up (As shown in Fig. 5).

Fig. 4. Sample entry structure of gpe1.
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Each sample in the track represents a single point

cloud frame and must include at least one Geometry

Data Unit (GDU). Attribute Data Units (ADU) may

be present if required by the content structure.

3.2 Multi-Track Encapsulation
The multi-track encapsulation method separates ge-

ometry and attribute components of a G-PCC bit-

stream into distinct tracks. This structure enables in-

dependent access, parallel decoding, and selective data

management. To indicate multi-track usage, the

compatible_brands field in the ftyp box must be

set to gpmt. Each component (geometry or attribute)

is stored in its own track. The sample entry must be

of type gpc1 or gpcg. These formats differ in where

parameter sets are included.

• gpc1 requires parameter sets to be included in

the setupUnit array: SPS and GPS in geometry

tracks, and APS in attribute tracks. (As shown

in Fig. 6).

• gpcg allows parameter sets to either be included

in the setupUnit array or embedded within each

samples. (As shown in Fig. 7).

gpc1 and gpcg adopt a similar configuration handling

strategy to gpe1 and gpeg, balancing between reuse

and per-sample flexibility.

Each sample must only contain data from a single

component. Therefore, GDU and ADU cannot be

mixed in the same sample. Furthermore, if the bit-

stream contains multiple attribute components, each

must be assigned to a separate attribute track to main-

tain separation and avoid interleaving.

In addition to the gpcC box, each sample entry in

multi-track encapsulation must include a G-PCC

Component Information Box (ginf). This box contains

a comp_type field that specifies whether the track

holds geometry or attribute data. A value of 2 in-

dicates a geometry component, while a value of 4 des-

ignates an attribute component. In the latter case, the

following additional fields are required:

• attr_index: Identifies the attribute component

and specifies its sequence order as defined in the

SPS.

• attr_label: Identifies the attribute component type.

• attr_name: Stores a human-readable name for

the attribute component.

Fig. 5. Sample entry structure of gpeg.
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All component tracks must share the same pro-

file_compliant and level_idc values. The geometry

track must also reference each associated attribute

track using a Track Reference Box (tref) with refer-

ence type gpca, containing the referenced track ID.

To ensure frame synchronization, samples repre-

senting the same point cloud frame across different

tracks must have identical presentation times.

Parameter sets must be decoded no later than the data

units they configure. In cases where SPS, GPS, or

Fig. 6. Sample entry structure of gpc1.

Fig. 7. Sample entry structure of gpcg.



논문 / ISOBMFF Encapsulation for Carriage of G-PCC Bitstream: A Tutorial and Guidelines

1925

APS are distributed across multiple tracks, samples

containing SPS must be decoded before those contain-

ing GPS or APS.

By separating geometry and attribute data, the multi

track encapsulation approach offers flexible and effi-

cient access. Clients can independently retrieve and

decode only the components they require. However,

if a bitstream includes only geometry data and no at-

tributes, the single-track encapsulation method must

be used instead.

3.3 Tile-Based Encapsulation
The tile-based encapsulation method partitions a G-

PCC bitstream into tiles and encapsulates them across

multiple tracks in ISOBMFF. This approach enables

independent access and decoding of G-PCC data for

specific tile regions. This method uses one tile base

track and multiple tile tracks.

• The tile base track contains global parameter sets

(SPS, GPS, APS) and a tile inventory.

• It references each tile track using a Track

Reference Box(tref) with reference type gpbt.

Each tile track must use a sample entry of type

gpt1.

The tile base track uses either gpeb or gpcb as its

sample entry type:

• gpeb stores all components (geometry and attrib-

utes) per tile within a single track, similar to sin-

gle-track encapsulation (As shown in Fig. 8).

• gpcb separates geometry and attribute compo-

nents into different tile tracks, similar to multi-

track encapsulation (As shown in Fig. 9).

Geometry tile tracks may reference attribute tile

tracks via gpca. In such cases, the

track_in_movie flag of the attribute tile track

must be set to 0.

In tile-based encapsulation, each sample in the tile

base track contains SPS, GPS, APS, and tile in-

ventory data. Samples must include synchronized pa-

rameter set data referenced by the tile base track, and

all tile tracks must maintain the same presentation

time. This synchronization is managed using the

Composition Offset Table (ctts) and Time-to-Sample

Table (stts) of the tile base track, ensuring precise

decoding of specific tiles or components.

Fig. 8. moov box structure when using gpeb sample entry.
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3.4 Track Alternatives
A point cloud sequence can be stored in multiple

encoding formats to provide optimal quality and per-

formance across various environments. Considering

factors such as network conditions, storage capacity,

and rendering performance, it is possible to encode

a G-PCC bitstream into multiple versions, each repre-

senting the same point cloud sequence in a different

manner.

In ISOBMFF, an alternative track mechanism is

provided to efficiently manage these alternative en-

coded versions. The alternative tracks are grouped us-

ing the alternate_group field in the Track Header

Box (tkhd), allowing multiple G-PCC tracks repre-

senting the same point cloud sequence to coexist while

enabling the selection of an appropriate track based

on the playback environment.

• Without Tile Tracks

- Each version of the same point cloud (e.g., los-

sy vs lossless) is stored as a separate geometry

track.

- All such tracks must share the same alter-

nate_group value in the Track Header Box.

- Only one track from the group should be se-

lected for playback (As shown in Fig. 10).

• With Tile-Based Tracks

- Each version consists of a tile base track and

corresponding tile tracks.

- All tile base tracks for alternative version must

share the same alternate_group value in the

Track Header Box.

- Fig. 11 illustrates how tile base and tile tracks

are grouped for selection during playback.

Fig. 9. moov box structure when using gpcb sample entry.

Fig. 10. Track alternatives indication in multi track of G-
PCC Bitstream.
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3.5 Non-Timed Data Encapsulation
The non-timed data encapsulation method repre-

sents a G-PCC bitstream for a single point cloud

frame as an item within the ISOBMFF. Unlike the

track encapsulation method discussed earlier, this ap-

proach stores data as items rather than tracks, without

any time information. Consequently, time synchroni-

zation is not required. The bitstream is stored in the

Metadata Box (meta) and described using item prop-

erties in the Item Property Box (iprp), while the actual

data is placed in the Item Data Box (idat) or Media

Data Box (mdat). To indicate this method, the com-

patible_brands field in the ftyp box must be set to

gpci, and the handler_type in the hdlr box inside

meta box must be set to volv. Depending on whether

the G-PCC bitstream is tiled or not, different item

types are used for non-timed encapsulation. In the

case of non-tiled content, a frame can be encapsulated

as a single item or split into multiple items. For tiled

content, a combination of a base item and tile items

is employed. The following subsections describe the

item types and their structure accordingly.

3.5.1 Item Types for Non-Tiled Bitstreams

Two item types are used depending on how the

G-PCC bitstream is organized:

• gpe1: Used when the entire frame is stored as

a single item. This item includes all data units

for one point cloud frame.

• gpc1: Used when the bitstream is split across

multiple items. (As shown in Fig. 12).

• When using the gpc1 item type:

- Each gpc1 item must contain a GDU.

- ADUs may be stored in separate gpc1 items,

which must be marked as hidden.

- GDU item reference ADU items using gpca

item references.

- If a pitm box is present, its item_ID must refer-

ence the gpc1 item with the GDU.

Fig. 11. Track alternatives indication in tile base track of G-PCC Bitstream.



The Journal of Korean Institute of Communications and Information Sciences '25-12 Vol.50 No.12

1928

3.5.2 Tile-based item encapsulation

If the bitstream includes tiles:

• gpeb items must store only parameter sets or tile

inventory (no GDU or ADU).

• At least one gpt1 item must be present, contain-

ing tile data.

• A gpbt item reference connects the gpeb item

to each gpt1 item (As Shown in Fig. 13).

• Each gpt1 item must include GDU and ADU,

but not parameter sets or tile inventory.

• If a pitm box is present, its item_ID must refer-

Fig. 12. Non-Timed data structure stored in multiple items.

Fig. 13. Non-Timed data structure stored in tile based items.
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ence the gpeb item.

Ⅳ. Perspectives and Guidelines

4.1 Technical Comparison of Encapsulation 
Method

The G-PCC bitstream can be encapsulated in the

ISOBMFF structure using three main methods: single-

track, multi-track, and tile-based track encapsulation.

Each method has distinct technical characteristics in

terms of structural organization, processing approach,

and scalability, which may affect the selection de-

pending on the application scenario. A summary of

these characteristics is provided in Table 3.

4.1.1 Single-Track Encapsulation

The single-track encapsulation method stores all

components of the G-PCC bitstream within a single

track. This approach features a simple structure and

straightforward implementation, eliminating the need

for inter-track synchronization and thereby allowing

for a clear processing flow. It is particularly advanta-

geous for early-stage system design or resource con-

strained environments. The following summarizes the

performance characteristics of the single-track encap-

sulation method:

• Memory usage: Since all components are bun-

dled into a single sample, the entire data must

be loaded into memory during decoding. This

means that even if only geometry information is

needed, attribute data is also loaded, leading to

increased memory usage as the per-frame data

complexity grows.

• Decoding complexity: While the structural sim-

plicity facilitates easy implementation, the lim-

ited feasibility of parallel processing between ge-

ometry and attribute data restricts performance

scalability.

• Synchronization overhead: Since all data is man-

aged within a single track, synchronization can

be achieved using existing ISOBMFF timing

mechanisms such as stts and ctts. As inter-track

alignment is unnecessary, the implementation

burden related to synchronization is reduced, and

the risk of timing mismatches during playback

is minimized.

• Extensibility: While the simple structure allows

for easy initial implementation, the integration of

all components into a single track imposes sig-

nificant limitations when replacing specific data

or adding new attributes.

4.1.2 Multi-Track Encapsulation

The multi-track encapsulation method stores the

components of the G-PCC bitstream in separate tracks

based on their roles, such as geometry and attribute

data. This structure enables flexible data access and

facilitates parallel processing by leveraging the in-

dependence of each track, making it advantageous for

complex content or high-performance environments.

The following outlines the performance characteristics

of the multi-track encapsulation method:

Encapsulation
Method

Memory Usage
Decoding

Complexity
Synchronization

Overhead
Extensibility

Single-track

All components loaded
at once. High memory
usage even for partial

data.

Simple structure.
Limited parallelism.

No inter-track sync.
Low overhead.

Difficult to modify due
to monolithic structure.

Multi-track
Selective loading

improves efficiency.

Allow parallelism
possible, but adds

complexity.

Requires sync between
tracks. Sync overhead

and mismatch risk.

Easy to modify via
separate tracks.

Tile-based track
Enables ROI

decoding.
Memory-efficient.

Allow parallel
decoding; tile
coordination is

complex.

Tile-level sync needed.
Overhead increases

with tile count.

Easy per tile updates
and customization.

Table 3. Comparison of G-PCC encapsulation methods based on technical criteria.
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• Memory usage: The multi-track structure enables

selective access to individual tracks, allowing for

more flexible memory management. For instance,

during rendering, only the geometry track may

be loaded, while certain attribute tracks can be

skipped. This reduces unnecessary data loading

and contributes to more efficient memory usage.

• Decoding complexity: Since the components are

separated, each track can be independently de-

coded, enabling parallel processing. This is par-

ticularly advantageous in high-resolution point

cloud rendering or high speed playback scenarios

using multi-core CPU environments. However, as

separate decoding is required for each track, the

initial implementation complexity tends to be rel-

atively high.

• Synchronization overhead: As the geometry and

attribute tracks must be synchronized along a

common timeline, additional mechanisms are re-

quired to ensure proper alignment. This increases

the overall complexity of implementation and

may elevate the risk of timing discrepancies.

• Extensibility: Since each component is stored in

a separate track, it is relatively easy to add new

attributes as separate tracks or to replace only

specific tracks when necessary.

4.1.3 Tile-Based Track Encapsulation

The tile-based encapsulation method partitions G-

PCC data spatially and stores each tile as an individual

sample. This structure enables spatial parallel process-

ing and selective decoding, making it well suited for

high-resolution content and region-of-interest (ROI)

based streaming[13,14]. The following outlines the per-

formance characteristics of the tile-based encapsula-

tion method:

• Memory usage: By spatially partitioning a frame

and storing each tile as an independent sample,

only the required tiles can be selectively loaded

during decoding. This reduces overall memory

consumption. In particular, memory efficiency is

significantly improved when processing only re-

gions of interest in high-resolution point clouds.

• Decoding complexity: Since each tile is stored

as an independent sample, the structure allows

for parallel decoding, which can improve proc-

essing speed if properly implemented. However,

additional processing may be required to handle

tile boundaries and maintain consistency.

Furthermore, as the number of tiles increases, the

complexity of managing tile-level decoding also

grows.

• Synchronization overhead: Since the tiles collec-

tively form a single frame aligned on the same

timeline, temporal synchronization is required.

This necessitates additional logic, and as the

number of tiles increases, the complexity of the

synchronization mechanism may also grow.

• Extensibility: The tile-based track approach al-

lows for updating or replacing data in specific

spatial regions and enables assigning different

quality levels or transmission priorities to in-

dividual tiles. This provides a high degree of

scalability and flexibility for various use cases.

4.1.4 Conceptual Estimation of Memory Usage

This section provides a conceptual estimation of

memory usage for each encapsulation method based

on actual G-PCC bitstream sizes. The comparison fo-

cuses on the conceptual characteristics of encapsula-

tion structures, as decoding complexity and synchroni-

zation overhead can vary significantly depending on

implementation details and hardware architecture.

Memory usage is estimated as the total size of data

units that must be loaded into memory for decoding,

depending on the encapsulation method. Specifically,

we sum the sizes of the GDU and relevant ADU re-

quired for decoding.

• Single-track encapsulation: A single sample con-

tains both geometry and attribute components.

The entire sample must be loaded into memory.

• Multi-track encapsulation: Separate samples from

different tracks (e.g., GDU and selected ADU)

are loaded together as needed.

• Tile-based encapsulation: A set of samples corre-

sponding to the required tiles is loaded, allowing
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In this estimation, a representative point cloud con-

taining 729,133 points was used. The G-PCC bit-

stream was encapsulated into a GDU and two ADUs,

both representing color data but encoded using differ-

ent methods: ADU1 was generated using PCM encod-

ing, while ADU2 was generated using hierarchical

neighborhood prediction as lifting transform. This al-

lows a conceptual comparison of memory usage under

different attribute coding configurations.

The size of each encapsulated data unit is summar-

ized in Table 4. This table presents the sizes of the

GDU, ADU1, and ADU2 in both all-in-one form and

tile-based partitioning. Based on these data sizes,

memory usage was estimated for three representative

decoding scenarios: (1) loading all units (GDU +

ADU1 + ADU2), (2) loading GDU and ADU1 only,

and (3) loading GDU only. These scenarios reflect

typical use cases depending on the application and en-

capsulation method.

Memory usage values were calculated by summing

the sizes of the GDU and relevant ADU samples re-

quired for each scenario. In the single-track case, all

components (GDU + ADU1 + ADU2) are assumed

to be loaded together as they are encapsulated within

a single sample. In the multi-track case, only the nec-

essary tracks are loaded according to the decoding

requirement. For tile-based encapsulation, gpeb fol-

lows the single-track strategy but allows selective tile

loading of specific tiles in this estimation, tiles 1

through 4 are assumed to be loaded to represent a

typical ROI scenario. In contrast, gpcb follows the

multi-track strategy and enables selective loading of

both attributes and tiles under the same ROI

assumption.

Fig. 14 illustrates the estimated memory con-

sumption for each encapsulation method across the

three scenarios. The results clearly demonstrate the

multi-track and tile-based encapsulations provide

memory-saving advantages, particularly when se-

lective decoding is possible. These benefits are ex-

pected to become even more pronounced not only as

richer attributes such as reflectance or material proper-

ties are included but also as the number of points in-

creases in large-scale point cloud datasets.

4.2 Guidelines for Selecting Encapsulation 
Methods

To efficiently utilize G-PCC data, the appropriate

encapsulation method should be selected based on the

usage environment. Each encapsulation method has

different advantages and disadvantages depending on

the characteristics and requirements of the data.

Therefore, it is important to determine the optimal

method based on the application domain and system

Fig. 14. Estimated memory consumption of G-PCC
encapsulation methods

Name Size Name Size Name Size

GDU_ALL

GDU_Tile_1

GDU_Tile_2

GDU_Tile_3

GDU_Tile_4

GDU_Tile_5

GDU_Tile_6

GDU_Tile_7

180KB

24KB

45KB

9KB

40KB

36KB

12KB

18KB

ADU1_ALL

ADU1_Tile_1

ADU1_Tile_2

ADU1_Tile_3

ADU1_Tile_4

ADU1_Tile_5

ADU1_Tile_6

ADU1_Tile_7

2,137KB

287KB

559KB

84KB

511KB

393KB

140KB

165KB

ADU2_ALL

ADU2_Tile_1

ADU2_Tile_2

ADU2_Tile_3

ADU2_Tile_4

ADU2_Tile_5

ADU2_Tile_6

ADU2_Tile_7

1,048KB

132KB

275KB

47KB

279KB

165KB

67KB

81KB

Table 4. Size of encapsulated data units for GDU, ADU1, and ADU2.



The Journal of Korean Institute of Communications and Information Sciences '25-12 Vol.50 No.12

1932

architecture. In particular, ISOBMFF is a format opti-

mized for media-centric scenarios, such as stream-

ing-based delivery, track-level decoding structures,

and interactive media where content dynamically

adapts based on user interaction[15]. Thus, careful con-

sideration of the encapsulation method is required for

such applications. A key consideration for selecting

encapsulation methods in different application scenar-

ios are summarized in Table 5.

4.2.1 Single-Track and Multi-Track Encapsulation

Selecting between single-track and multi-track en-

capsulation methods depends on the usage

environment. The decision should be based on factors

such as device performance, data processing methods,

and end-user requirements.

Single-track encapsulation is suitable for re-

sourceconstrained environments. It simplifies process-

ing by storing all data in a single sample, eliminating

the need for inter-track synchronization and enabling

fast and stable decoding.

• In mobile web streaming, geometry and basic at-

tributes such as color are encapsulated in one

track to reduce bandwidth usage.

• Smartphone-based AR guide applications or

lightweight web-based viewers benefit from sim-

plified structures that enable quick content

access.

Multi-track encapsulation is appropriate for high-

performance environments. It supports parallel decod-

ing by separating geometry, color, and reflectivity into

distinct tracks, improving scalability and processing

efficiency.

• Cloud-based XR collaboration systems allow

users to selectively decode only necessary attrib-

utes from separate tracks, optimizing

performance.

• In virtual shopping platforms, product geometry,

texture, and reflectivity can be delivered through

separate tracks, allowing flexible decoding based

on device capabilities and network conditions.

Fig. 15 illustrates how these methods correspond

to different device performance levels and processing

architectures.

Fig. 15. Example of selecting between single-track and
multi-track encapsulation based on device capabilities.

4.2.2 Tile-Based Track Encapsulation

Tile-based track encapsulation partitions G-PCC

Encapsulation
Method

Suitable Environment Key Advantages Example Use Cases

Single-track
Resource-constrained

systems, simple viewers
Simplified structure, no

inter-track sync, fast decoding
∙Mobile web streaming with basic attributes
∙Lightweight AR guides or web-based viewers

Multi-track
High-performance systems,
modular processing needs

Attribute separation, supports
selective and parallel

decoding

∙Cloud XR collaboration platforms
∙Virtual shopping systems with separate

geometry and attribute tracks

Tile-based
Large-scale or ROI based

systems with selective
decoding requirements

Enables regional decoding
and scalable delivery

∙VR exhibitions decoding only the user’s
current field of view

∙City-scale point cloud systems with per-user
selective streaming

Table 5. Guidelines for Selecting Encapsulation Methods
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data into tiles, with each tile stored in a separate track.

This structure allows for flexible handling of large-

scale point cloud data, as individual tiles can be se-

lectively decoded based on the user’s request or view-

point, enabling efficient data transmission and proc-

essing without loading the entire dataset.

This method is particularly effective in scenarios

where network bandwidth is limited or where only

certain regions need to be processed according to the

user’s field of view.

• In a virtual reality-based 3D exhibition platform,

users may only need to decode exhibition areas

that fall within their current location or viewing

direction. This selective decoding enables quick

response and high rendering performance without

unnecessary data loading.

• In smart city 3D map services, tiles correspond-

ing to the user or vehicle’s current location can

be streamed in real time, allowing efficient han-

dling of massive city-scale point cloud data.

In environments where multiple users or various

viewpoints exist simultaneously, tile-based tracks of-

fer significant advantages for selective transmission

and rendering.

As illustrated in Fig. 16, assume Player 1 views

Tiles 1-4, while Player 2 views Tiles 5 and 6. In this

case, only the relevant tile data is transmitted to each

player. By omitting the transmission of unnecessary

data, bandwidth consumption is reduced, and perform-

ance degradation due to redundant decoding is

avoided. An example of applying point cloud data to

real images is shown in Fig. 17.

Fig. 16. Example of tile-based track encapsulation based
on field of view.

Fig. 17. Example of tile-based track encapsulation for point cloud data.
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For tile-based tracks, two sample entry types are

available:

• gpeb sample entry type: The dataset is divided

into tiles, but geometry and attribute data are

stored together within a single track, similar to

single-track encapsulation.

• gpcb sample entry type: The dataset is divided

into tiles, and geometry and attribute data are

separately stored in different tracks, similar to

multi-track encapsulation.

The choice between these two tile-based ap-

proaches follows the same selection criteria as de-

scribed in Section 4.2.1, for single-track and mul-

ti-track encapsulation.

Ⅴ. Conclusion

This paper explored various methods for encapsu-

lating G-PCC bitstreams within the ISOBMFF. We

analyzed and compared the single-track, multi-track,

and tile-based encapsulation methods, discussing their

structural characteristics, advantages, and limitations.

Additionally, we introduced an efficient management

approach using the alternative track mechanism, en-

abling the effective handling of multiple encoded

versions.

Furthermore, we provided guidelines for selecting

the appropriate encapsulation method based on differ-

ent usage scenarios. In performance-constrained envi-

ronments, single-track encapsulation is more suitable,

as it allows data to be processed sequentially without

track referencing, enabling fast and simple decoding.

On the other hand, in high-performance environments,

multi-track encapsulation is preferable, as it facilitates

parallel decoding and enables selective data access.

For large-scale data processing or bandwidth-limited

network environments, tile-based encapsulation is the

optimal choice, as it allows selective decoding of spe-

cific tiles, thereby reducing memory usage and com-

putational overhead.

While MPEG has developed reference im-

plementations of the G-PCC decoder and renderer as

part of the ongoing standardization process, there is

currently no player capable of directly decoding and

playing G-PCC bitstreams encapsulated within the

ISOBMFF structure. This highlights the need for fu-

ture research on developing such a player to support

MP4-based G-PCC content. Moreover, a comparative

evaluation of single-track, multi-track, and tile-based

encapsulation methods in practical playback environ-

ments is essential to assess their respective trade-offs

in performance, memory usage, and scalability.

The ISOBMFF-based G-PCC encapsulation meth-

ods proposed in this study provide a standardized ap-

proach for 3D data storage and streaming, facilitating

applications in VR, AR, and digital twins. We hope

that this research serves as a foundation for future ad-

vancements in G-PCC encapsulation standards and

practical implementations.

References

[1] Z. Liu, Q. Li, X. Chen, et al., “Point cloud

video streaming: Challenges and solutions,”

Netw. Mag. Global Internet working., vol. 35,

no. 5, pp. 202-209, Sep. 2021.

(https://doi.org/10.1109/MNET.101.2000364)

[2] H. S. Chun, “Application of virtual reality in

the medical field,” Electr. and Telecommuni-
cations Trends, vol. 34, no. 2, pp. 19-28,

2019.

(https://doi.org/10.22648/ETRI.2019.J.340203)

[3] Y.-J. Jung, “Development of CT/MRI based

GUI software for 3D printer application,” J.
Radiological Sci. and Technol., vol. 41, no. 5,

pp. 451-456, 2018.

(https://doi.org/10.17946/JRST.2018.41.5.451)

[4] H. Chun, M. Han, and J. Jang, “Application

trends in virtual reality,” Electr. and Telecom-
munications Trends, vol. 32, no. 1, pp. 93-

101, 2017.

(https://doi.org/10.22648/ETRI.2017.J.320110)

[5] A.-Y. Kim, E.-B. An, and K.-D. Seo, “Design

and implementation of a point cloud-based

volumetric video player,” J. KICS, vol. 47, no.

10, pp. 1660-1668, 2022.

(https://doi.org/10.7840/kics.2022.47.10.1660)

[6] P. Enenche, D. H. Kim, and D. You, “On the



논문 / ISOBMFF Encapsulation for Carriage of G-PCC Bitstream: A Tutorial and Guidelines

1935

road to the metaverse: Point cloud video

streaming: Perspectives and enablers,” ICT
Express, vol. 11, no. 1, pp. 93-104, 2025.

(https://doi.org/10.1016/j.icte.2024.11.001)

[7] International Organization for Standardization

(ISO) and International Electrotechnical Com-

mission (IEC), MPEG-I Part 9: Geometry-based
Point Cloud Compression, Available online: ht

tps://www.iso.org/standard/78990.html, 2023.

[8] D. Graziosi, O. Nakagami, S. Kuma, A. Za-

ghetto, T. Suzuki, and A. Tabatabai, “An

overview of ongoing point cloud compression

standardization activities: Video-based (V-PCC)

and geometry-based (G-PCC),” APSIPA Trans.
Signal and Inf. Process., vol. 9, e13, 2020.

(https://doi.org/10.1017/ATSIP.2020.12)

[9] S. Schwarz, M. Preda, V. Baroncini, et al.,

“Emerging mpeg standards for point cloud

compression,” IEEE J. Emerging and Sel.
Topics in Circuits and Syst., vol. 9, no. 1, pp.

133-148, 2019.

(https://doi.org/10.1109/JETCAS.2018.2885981)

[10] International Organization for Standardization

(ISO) and International Electrotechnical Com-

mission (IEC), MPEG-I Part 18: Carriage of
Geometry-based Point Cloud Compression Data,

Available online: https://www.iso.org/standard/

80901.html, 2024.

[11] International Organization for Standardization

(ISO) and International Electrotechnical

Commission (IEC), MPEG-4 Part 12: ISO
Base Media File Format, Available online:

www.iso.org/standard/83102.html, 2022.

[12] M. M. Hannuksela and S. Deshpande, “VVC

for immersive video streaming,” in Proc. 2nd
Mile-High Video Conf., pp. 52-58, 2023,

ISBN:9798400701603.

(https://doi.org/10.1145/3588444.3591004)

[13] S. Subramanyam, I. Viola, J. Jansen, E.

Alexiou, A. Hanjalic, and P. Cesar,

“Evaluating the impact of tiled user-adaptive

real-time point cloud streaming on VR remote

communication,” in Proc. 30th ACM Int. Conf.
Multimedia, pp. 3094-3103, Lisboa, Portugal,

2022.

(https://doi.org/10.1145/3503161.3548220)

[14] K. K. Sreedhar, A. Aminlou, M. M.

Hannuksela, and M. Gabbouj, “Viewport-

adaptive encoding and streaming of 360-

degree video for virtual reality applications,”

in Proc. 2016 IEEE ISM, pp. 583- 586, 2016.

(https://doi.org/10.1109/ISM.2016.0126)

[15] W. Hamidouche, L. Bariah, and M. Debbah,

“Immersive media and massive twinning:

Advancing toward the metaverse,” IEEE
Commun. Mag., vol. 62, no. 7, pp. 20-32,

2024.

(https://doi.org/10.1109/MCOM.2300399)

Seunghyeok Jeong

Feb. 2025 : B.Eng. Hannam Uni-

versity

Mar. 2025~Current : Master’s Stu-

dent, Hannam University

<Research Interest> Volumetric

Video Streaming.

[ORCID:0009-0005-5152-5856]

http://www.iso.org/standard/83102.html


The Journal of Korean Institute of Communications and Information Sciences '25-12 Vol.50 No.12

1936

Gwanghyeon Jeong

Feb. 2012 : B.Eng. Korea Ad-

vanced Institute of Science

and Technology (KAIST)

Feb. 2014 : M.Eng. Korea Ad-

vanced Institute of Science

and Technology (KAIST)

Feb. 2018 : Ph.D. Korea Ad-

vanced Institute of Science and Technology

(KAIST)

Feb. 2018~May 2018 : Post-doctoral Researcher,

KAIST Institute for Information Technology

Convergence

May. 2018~Jan. 2021 : Senior Researcher, Agency

for Defense Development

Mar. 2021~Feb. 2024 : Assistant Professor, Hannam

University

Mar. 2024~Current : Assistant Professor, Hanbat

National University

<Research Interest> Future Transceiver, MMIC,

Integrated Circuits

[ORCID:0000-0002-4458-9991]

Dong Ho Kim

Feb. 1997 : B.Eng. Yonsei

University

Feb. 1999 : M.Eng. Korea Ad-

vanced Institute of Science

and Technology

Feb. 2004 : Ph.D. Korea Ad-

vanced Institute of Science

and Technology

Mar. 2004~Feb. 2007 : Senior Researcher, Sam-

sung Advanced Institue of Technology

Mar. 2007~Current : Professor, Seoul National

University of Science and Technology

<Research Interest> Wireless Communication

System, Immersive Multimedia Communication.

[ORCID:0000-0001-9136-8932]

Dongho You

Feb. 2012 : B.Eng. Seoul Na-

tional University of Science

and Technology

Feb. 2014 : M.Eng. Seoul Na-

tional University of Science

and Technology

Aug. 2018 : Ph.D. Seoul Na-

tional University of Science and Technology

Sep. 2018~Feb. 2021: Senior Researcher, Tech-

nische Universität Dresden

Mar. 2021~Aug. 2025 : Associate Professor, Han-

nam University

Sep. 2025~Current : Associate Professor, Kongju

National University

<Research Interest> Immersive Communication,

Volumetric Video Streaming

[ORCID:0000-0003-3724-3244]


