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ABSTRACT

3D models are essential components in creating a realistic metaverse and providing a
good user experience. However, the large file sizes of 3D models often lead to challenges in
storage, transmission, and real-time rendering. Therefore, reducing the size of 3D model files
during the production process is a key solution to these problems. This research aims to (1)
explore methods to optimize 3D models and propose add-ons for 3D modeling software, and
(2) compare the effectiveness of these optimization methods. The researchers selected three
optimization techniques to evaluate their performance based on key indicators including file
size (MB), total vertices, unique materials, batches/draw calls, materials count, and memory
usage (KB). The analysis revealed that the Create UV Map Technique combined with Texture
Atlas by Merging Material Types into a Single Unit was the most effective method. This
technique was then implemented to develop a Blender add-on. The add-on’s performance
was tested and compared against models created without it using comparative factors such
as file size (KB), mesh vertices, unique materials, batches/draw calls, materials count, and
materials memory usage (KB). The comparison showed that models using the add-on had
significantly better performance with statistical significance at the 0.01 level.
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1. Introduction that is interconnected and filled with virtual
At present, the metaverse develop- environments in which people can work,
ment is growing, creating a digital world play, and learn. These virtual worlds are
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only possible because of 3D models that
help to create realistic environments and ob-
jects [1]. Hence there is a great demand for
3D models that are to be used in the meta-
verse applications [2]. However, models
that are created by beginner level software
users for metaverse applications are not op-
timized for real-time rendering. This can
lead to performance issues especially when
trying to render large scenes that are made
of many objects.

The process of 3D model creation is
fundamentally similar to game model cre-
ation which includes shape creation, ma-
terial selection, shader settings and texture
application [3]. However, this leads to the
use of more textures and materials in 3D
models that are to be used in the metaverse,
resulting in larger file sizes. This can cause
problems in storage, transmission and ren-
dering, especially for users with limited re-
source enabled devices [4].

In order to optimize 3D models for
the metaverse, there are several methods
that can be used which is very important
as it will help to improve the performance
and user experience in the metaverse as the
demand for it increases. To meet these
challenges and the growing need for opti-
mized 3D models [5], the researchers devel-
oped improved texture and material man-
agement of 3D models and developed add-
ons for Blender software for metaverse ap-
plications. The purpose is to decrease file
sizes so that metaverse rendering is faster,
through real-time rendering. Also, the ob-
jectives are to optimize processes, minimize
production steps, and control the graphic
styles of 3D models generated by novice
modelers [6].
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2. Methodology
2.1 Research design

The data collection process involved
a comprehensive review of existing litera-
ture and experimental results related to tex-
ture and material management for 3D mod-
els in metaverse applications. Studies by
Rungsoongnern and Chaiyasit [7] demon-
strated that the use of UV Mapping tech-
niques combined with texture painting al-
lows detailed texture application directly
onto 3D models, enhancing realism espe-
cially for complex topologies. Conversely,
research by Rantakangas [8] supports the
use of Texture Atlas, which consolidates
multiple textures and colors into a single
image, reducing file size and draw calls,
thereby improving rendering performance.

Additionally, these approaches were
experimentally evaluated by applying them
to 3D building models in Unity Game En-
gine, where performance metrics such as
file size, mesh vertices, unique materi-
als, batches (draw calls), materials count,
and memory usage were measured using
the Unity Profiler tool [9]. The synthe-
sis of these findings indicates that combin-
ing UV Mapping with Texture Atlas via
material classification or merging material
types into a single unit significantly en-
hances texture and material management ef-
ficiency. While some studies highlight ad-
vantages such as improved rendering speed
and file size reduction, others note chal-
lenges including increased complexity in
texture atlas creation or time-consuming
texture painting processes. Overall, the
consensus favors the combined use of these
techniques to optimize 3D model render-
ing for metaverse environments. In this
research, the optimization of the texture
and material management was divided into
three approaches, each based on the specific
advantages of the techniques under study:
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2.1.1 Using the create UV map
technique combined with texture painting

This method entails generating UV
maps for 3D models and then texturing by
painting directly onto the images that are to
be applied on the 3D model. The process
starts with generation of the UV map for the
3D model, then comes the design and detail-
ing of the texture through painting. Finally,
the textured 3D model is exported and can
be used in the metaverse.

The use of texture painting gives the
user the ability to paint details directly on
the 3D model, giving a good level of control
when it comes to complex designs. Because
it enables the application of several textures
to a single 3D model, it is particularly help-
ful for models with complex topologies.

3D Model UV mapping Model with texture

with texture painting

Fig. 1. Result of 3D model after applying the
UV mapping with texture painting.

In common practice, texture sizes for
3D models typically range from 512x512
pixels to 2048x2048 pixels, depending on
the level of detail needed. When higher-
resolution details are required—such as
for close-up views or final renders—larger
texture sizes (e.g., 4096x4096 pixels or
greater) are necessary. Using larger tex-
tures improves the visual quality by pro-
viding finer detail and reducing pixelation
during close inspection. However, this
also results in significantly larger texture
file sizes, which directly increase the over-
all 3D model file size. In the context of
the metaverse, larger texture files demand
more memory and processing resources
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during rendering, potentially impacting per-
formance and causing slower load times or
frame rate drops, especially on devices with
limited capabilities. Therefore, balancing
texture size and detail is critical to maintain
an optimal viewing experience while ensur-
ing efficient real-time rendering.

However, there are some disadvan-
tages of texture painting. The process
is more time-consuming than conventional
texture mapping because painting and using
complicated functions of the 3D program is
required.

2.1.2 Create UV map technique
combined with texture atlas by material
classification

In this approach, a UV map of a
3D model is created and multiple textures
are combined into a single texture atlas ar-
ranged in a grid based on material classifi-
cation. The researchers used a monochro-
matic texture pattern with minimal detail to
keep the process simple. The texture at-
las serves as a color palette, allowing users
to select colors for their 3D models. Tex-
ture properties are assigned by selecting the
faces of the 3D model, performing UV map-
ping, and applying colors directly onto the
faces.

This approach reduces both the stor-
age file size and the overall file size of the
3D model by consolidating multiple tex-
tures into a single texture atlas based on ma-
terial classification. By minimizing redun-
dancy in texture data, this method enhances
rendering efficiency and reduces the num-
ber of texture files that need to be managed
during real-time rendering.

Furthermore, this technique simpli-
fies texture management because changes
to texture size can be made more easily
without modifying individual UV maps. As
a result, the method effectively decreases
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file size and resource consumption, leading
to faster rendering times, as demonstrated
in Section 3. Some other advantages of us-
ing a texture atlas include improved perfor-
mance due to fewer draw calls during ren-
dering, which is crucial for real-time appli-
cations such as metaverse environments.

However, creating and editing tex-
ture atlases can be more complex com-
pared to conventional UV mapping tech-
niques. Despite this, the method remains
user-friendly and suitable for beginners due
to its simplified color selection and material
classification process.

Fig. 2. Applying the Create UV map technique
in association with Texture Atlas by distinguish-
ing material types.

2.1.3 Create UV map technique
combined with texture atlas by merging
material types into a single unit

This method is quite similar to
Method 2 but the difference between the
two methods is the organization of the ma-
terial configurations. In this approach, the
different types of materials are combined
into one file and this produces a single ma-
terial setup that can be used on the entire
model. This method is more efficient than
Method 2 because combining different ma-
terial types into one reduces file size and
reduces the number of draw calls signifi-
cantly. However, due to the fact that cre-
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ating the texture atlas is quite complex, this
process may be quite time-consuming and
difficult to edit. However, it is user-friendly
and ideal for beginners as a result of these
characteristics.

&

Fig. 3. Using the Create UV map technique in
conjunction with Texture Atlas by combining
material types.

Fig. 4. The model which has been optimized in
terms of texture and material is shown divided
into three approaches.

In this study, 3D models were cre-
ated and imported into the Unity Game En-
gine. These 3D models were created and
then the three methods of optimizing the
texture and material management that were
previously discussed were applied to them.
The Unity Game Engine’s Profiler was used
to collect rendering tests and performance
data by rendering 10,000 building models.
The analysis was made on performance in-
dicators such as file size, mesh vertices,
unique materials, batches/draw calls, mate-
rial count, and memory usage for materials.
The Unity Profiler was used as the main tool
for data collection [10]. The results are pre-
sented in Section 3.1.
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2.2 Development of blender add-on

Based on the performance compari-
son shown in Table 1, the ”Create UV Map
Technique Combined with Texture Atlas by
Merging Material Types into a Single Unit
was selected as the most effective method
for optimizing texture and material manage-
ment in 3D models. This method demon-
strated the lowest values across all key per-
formance indicators, including file size, to-
tal vertices, unique materials, draw calls,
material count, and memory usage, making
it ideal for real-time rendering in metaverse
applications.

The chosen method was imple-
mented as a Blender add-on to facilitate
efficient 3D model optimization. Blender
was selected because it is a widely-used,
open-source 3D modeling software that
supports extensibility through Python
scripting, making it accessible to both
beginners and professionals. Furthermore,
Blender’s compatibility with various game
engines and real-time rendering workflows
makes it an appropriate platform for
metaverse content creation.

The process of designing and devel-
oping consists of those steps.

1) The researchers used a Texture At-
las to assign colors to help the user pick
colors for their 3D models. Two color set
sizes were developed: 64x64 pixels for ma-
terials that need a large number of colors
and 32x32 pixels for materials that need
fewer colors. The textures were created
with power-of-two dimensions (for exam-
ple, 128x128, 256x256) because GPUs are
designed to work better with such images.
This optimization enhances the processing
and memory storage, which means that data
can be managed and retrieved from the stor-
age device easily and quickly [11]. The
color sets were then separated into different
categories and then all of them were placed
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in one image in power of two for use in
defining material properties of 3D models
in game engines.

6UxéU pixels 32x32 pixels

Fig. 5. Two sizes of Color palettes for users to
select colors for their 3D artwork.

2) The material properties were as-
signed by the researchers using an image-
based approach in the Unity game engine.
This method used RGBA (Red, Green,
Blue, and Alpha) numerical values that used
the intensity of the color channels as vari-
ables to determine the intensity of the ma-
terial’s properties (see Fig. 6.).

= Metallic
=Smoothness

=none

>»@0»

= Transparently

Fig. 6. Material properties are defined using
RGBA values.

The red channel is the Metallic map
(metallic properties). The green channel is
the Smoothness (the level of smoothness).

The blue channel has no value.

The Alpha channel is the Trans-
parency (the level of transparency).
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When the RGBA values are com-
bined, different material patterns can be
produced to accurately define material
properties. For example, using an image
with a deep red color will give a high metal-
lic property of the material and using an im-
age with a light green color will give a high
level of smoothness in the texture (see Fig.

_)ﬁ B we
- Be
hed De

Fig. 7. Palette colors and RGBA values are used
to define material properties.

3) Apply the Palette color and RGBA
values to generate a texture image that can

be applied on top of 3D models (see Fig.
8.).

Palette Color

 AA ANl D B

Fig. 8. Image texture map for application to 3D
model.

Attribute Map

The data collected from the study
was used in developing texture maps to be
used on 3D models, and the materials were
sorted into seven groups: Matte, Metal,
Gloss, Chrome, Semi-gloss, Plastic, and
Glow (see Fig. 9.).
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Palette Color Attribute Map Emission Map

Fig. 9. Textures made for 3D models and di-
vided into 7 material types.

4) Develop a set of materials for
Unity and Blender programs. Next, code a
Blender add-on in Python using the built-
in Text Editor in the Blender software. The
installation file of the Blender add-on will
then be prepared and distributed to the sam-
ple subjects for installation and experimen-
tal use.

2.3 Data collection

A total of 44 undergraduate students
were selected as participants for this study.
These students were enrolled in courses
related to 3D modeling and had founda-
tional knowledge and practical experience
in creating and developing 3D models. The
selection of 44 participants was based on
the class size available in these relevant
courses.

Participants were asked to work with
provided 3D building model files and ap-
ply textures and materials to these models.
Initially, they performed this task without
using any optimization add-ons to estab-
lish a baseline. Subsequently, they repeated
the same texturing and material assignment
tasks using the developed Blender add-on.

This approach allowed the collection
of paired data sets (with and without the
add-on) for each participant, enabling di-
rect comparison of performance indicators
such as file size, mesh vertices, the number
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of unique materials, batches (draw calls),
count of materials, memory-use of materi-
als, and count of objects that can be ren-
dered in the Unity game engine at a target
frame rate of 60.

2.4 Data analysis

The data from the tests were analyzed
to evaluate the performance of created add-
on. Statistical methods like mean, standard
deviation, and t-test were used to analyze
the performance related to two groups of
model files. The first group uses the add-on
and the second group does not use it. The
outcome related to texture is presented in
Section 3.2.

3. Results
3.1 Results of the comparison of opti-
mization methods for texture and mate-
rial management in 3D models for meta-
verse applications

The data obtained from rendering
tests of 10,000 building models in Unity
were analyzed to evaluate performance
metrics. The findings were summarized to
determine the best method for real-time pro-
cessing in the context of the metaverse. The
results are presented in Table 1, as follows.

From Table 1, it was revealed that the
Create UV Map Technique Combined with
Texture Atlas by Merging Material Types
into a Single Unit method had the lowest
mean values across all the performance in-
dicators used for comparison. Such indica-
tors are file size, total vertices, unique ma-
terials, batches/draw calls, materials count
and memory use. On the other hand,
other methods like Create UV Map Tech-
nique Combined with Texture Atlas by Ma-
terial Classification and Using the Create
UV Map Technique Combined with Texture
Painting had higher means in the succeed-
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ing ranks. The analysis results show that the
Create UV Map Technique Combined with
Texture Atlas by Merging Material Types
into a Single Unit method is the best in the
management of textures and materials in a
3D model. The lowest values in all the indi-
cators show that this method is suitable for
use in the metaverse as it reduces the pro-
cessing load and thus improves the render-
ing time.

3.2 Evaluation of the performance of the
add-on developed with the create UV
map technique combined with texture at-
las by merging material types into a sin-
gle unit

The performance was compared be-
tween the sample group who used the add-
on and the group who did not use the add-
on. The results are in Table 2.

From Table 2, it is evident that the
variables, including file size, mesh vertices,
unique materials, batches/draw calls, mate-
rials count, and materials memory use, ex-
hibited statistically significant differences
atthe.01 level between the sample group us-
ing the addon and the group not using the
addon. The values of these variables were
significantly lower in the group using the
addon, indicating that the use of the addon
effectively reduces computer resource us-
age for real-time processing.

4. Conclusions and Discussion

This research aimed at identifying
and applying different approaches to cre-
ate a tool that can assist beginner users in
the creation and development of 3D models
for the metaverse. The findings show that
various methods influence the file size and
performance of the produced 3D models. It
is important to select the appropriate tech-
nique as this will improve the rendering of
3D models in the metaverse, thus enhancing
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Table 1. Comparison Table for Rendering Tests and Performance Data.

Using the Create UV Map
Technique Combined with
Texture Painting
(mean =+ S.D.)

Performance Indicators

Create UV Map Technique
Combined with Texture Atlas
by Material Classification

(mean =+ S.D.)

Create UV Map Technique Combined
with Texture Atlas by Merging
Material Types into a Single Unit
(mean =+ S.D.)

File size (MB) 1205.75 + 907.74
Total Vertices 1350.25 + 950.50
Unique Materials 52.10 + 39.00

Batches/Draw Calls 150.32 + 112.83

200.60 + 150.42
3040.45 + 2100.32

Materials Count
Memory Usage (KB)

1076.55 + 823.31
1225.15 + 800.10

1044.93 + 782.32
1180.80 + 740.55

40.70 £ 30.50 30.20 +20.80
130.45 +90.25 110.10 + 70.40
180.80 + 120.67 160.45 +110.23

2800.20 + 2000.20

2500.35 + 1800.10

Table 2. Evaluation of the performance of the add-on developed with the create UV map technique
combined with texture atlas by merging material types into a single unit.

Comparative factors Without add-ons With add-ons t P-value
(mean) (S.D.) (mean) (S.D.)
File size (KB) 142.45 14.69 122.50 9.67 14.47** .000
Mesh vertices 16,424.95  443.60 14,165.32 319 25.85%* .000
Unique materials 18.82 7.91 1.05 21 14.90** .000
Batches/Draw Calls 41.64 15.83 6.50 2.73 14.34%* .000
Materials count 164.23 7.53 146.00 22 15.92%* .000
Materials memory use (KB) 425.99 53.30 288.52 1.19 17.01%** .000

** Statistical significance level at .01

the user experience in virtual worlds.

The selection of the textures and ma-
terials is an important factor in the construc-
tion of realistic 3D models. The conse-
quence of employing the same set of tex-
tures and materials is that a number of prob-
lems may be encountered including the size
of the file which has implications for the
cost of storage, the speed of data transfer
and the quality of the render. These models
also require more memory and computing
power to run, which in the long run affects
the overall performance. This finding is in
agreement with the findings of Doungu-tha
[4] and Kang and Park [5].

The researchers engaged in a study to
determine the best ways of managing tex-
tures and materials in 3D models. Through
the analysis of the performance test results,
the traditional methods and new approaches
were compared and the method of Create
UV Map with Texture Atlas was adopted.
This technique was found to be the most
effective and easiest to use in the manage-
ment of textures in 3D models. It assists
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entry level metaverse developers in gener-
ating the required assets for the metaverse
business. This finding is in agreement with
the study by Hristov & Kinaneva [3] who
explained building a structural map of a 3D
model in 2D and then using this map to de-
sign patterns. Such an approach is in con-
currence with the work of Rungsoongnern
& Chaiyasit [7] who explained the use of
Create UV Map in conjunction with pattern
creation to generate several texture files.
However, these methods need some level of
artwork to create the patterns, which may
complicate the process.

To address these challenges, the re-
searchers adopted the Texture Atlas tech-
nique by specifying the color sets that are
to be used in the various graphical appli-
cations. The glossiness and the rough-
ness values were integrated into the red (R)
and green (G) color channels to generate
different material types from a single tex-
ture. This approach is in line with the study
by Rantakangas [8] which pointed out that
combining the use of several texture types
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into one file is more efficient. Game en-
gines only request materials once, thus op-
timizing the use of resources. Moreover,
the performance of game engine add-ons
developed using this method showed that
there was a reduction in the consumption
of processing resources, which in turn in-
creased the rendering speed. This find-
ing is in agreement with previous studies
by Lohikoski-Hékansson & Rudén [9] and
Koulaxidis & Xinogalos [10].

This paper proposed a way of cre-
ating tools that can help beginners to eas-
ily develop 3D models for the metaverse.
The focus was made on the technique of
UV map creation combined with texture at-
lases, where the material types were com-
bined into a single entity in order to enhance
the rendering of 3D models.

There are some limitations in this re-
search, however. These include the fact
that the study was conducted with a small
number of participants and that only certain
types of 3D models are supported. How-
ever, there is a possibility of improvement
in the future. The study also recommends
the continuation of the study to identify and
enhance the methods in order to support a
more extensive range of 3D model types
as well as to integrate new features with
the help of Al technologies to improve the
available tools and workflows for creative
activities in the metaverse. For example,
features like color pickers that are easy to
use and functions that suggest coordinates
of colors that go well together can be cre-
ated.

The findings of this study can lead
to the creation of new tools and methods
that would help beginners to produce 3D
models better and faster and, therefore, con-
tribute to the development of 3D design for
the metaverse.
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