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ABSTRACT

The objective of this report is to outline the Development of a Virtual Bangladesh
National Museum, with an emphasis on 3D modeling and texturing, two of the
primary aspects of the project. Its main aim is to preserve and showcase the rich cultural
heritage of Bangladesh in a digital format by virtually recreating important artifacts and
monuments. The project utilized industry-standard tools like Blender and Substance
Painter to create intricate 3D models and realistic textures, maintaining high levels of
visual fidelity and cultural accuracy. Important points of the entire development process
consisted of wireframe modeling, UV unwrapping and texturing, all performed to get the
historical accuracy but still keeping the artistic side of the model too. The report also
details the issues that arose during the design process, including high-poly model
optimization and realistic material representation, as well as the solutions that were
implemented in order to maintain iterative workflows. Furthermore, the virtual artifacts
were designed in a way that their incorporation into an interactive environment allows
diverse audiences access and engagement with them. This project then contributes to the
domain of digital heritage preservation through its focus on the technical and creative
processes of 3D modeling and texturing, providing an innovative approach to cultural
education and global accessibility. It demonstrates the implementation of the project's
methodologies and tools in the creation of a virtual museum system and offers a solid basis

for the further advancement of similar virtual museum systems.
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CHAPTER 1

Introduction

In an increasingly interconnected realm, the digitization of cultural heritage has become a
crucial means of maintaining time-honored traditions while disseminating them nationally and
internationally. Virtual Bangladesh National Museum project is a manifestation of this vision
which strives to build a virtual platform to showcase the its rich cultural and historical artifacts.

Tags: 3D modeling, texturing, high-quality models, virtual environment, immersive experiences

Project report The report elaborates on the project "Development of a Virtual Bangladesh
National Museum: 3D Modeling and Texturing," which focuses on the construction segment and
the 3D detailing procedures involved in making digital objects. The visual assets ensure a rich
digital experience of the physical museum for its users. The Musical Instruments Room and
Historical Monuments Room were identified as focal areas, whose artifacts included the ektara,
tabla, and models of Lalbagh Fort and the National Martyrs’ Memorial. The project utilizes
industry-standard tools, like Blender for modeling and Substance Painter for texturing, to

establish a high standard for quality and realism in virtual museum spaces.

The 3D assets are not-only a technical necessity but a primary endeavor towards cultural
conservation. With the capacity to mirror minute details — from texture and geometry — enables
these digital artifacts to preserve the essence and integrity of their analog counterparts. This
report outlines how, and obstacles faced, as well as the conclusions drawn about said task, while
discussing the importance of 3D modeling and texturing to modern heritage conservation

efforts.



1.1 Motivation

The work is motivated by the urgent need to preserve, in a creative and accessible manner,
the rich cultural heritage of Bangladesh. While these physical artifacts hold immense
cultural significance, they face risks of natural deterioration, mismanagement, and are
inaccessible for those living far from them, even abroad [1] . Digitization of these will
conserve them for eternity and also allow people around the world access.

Besides, young people are bound to be more familiar and like interactive, rich media
platforms. This project uses state-of-the-art 3D modeling with texturing to enable users,
especially students and educators, to engage with cultural objects in an immersive way for
education and cultural appreciation [2] .

Lastly, the project offers a way to preserve cultural heritage in a very sustainable way.
Where physical methods of preserving often require immense environmental and monetary
resources, by contrast, all digital artifacts, in a short while, face updates, reuse is allowed,

or sharing with insignificantly small environmental impact.

1.2 Objectives

The key objectives that guide this project are several, aimed at making high-quality digital
replicas of artifacts available:
1. Build correct three-dimensional models of selected artifacts with corrected
proportion, geometry, and scale [1] .
2. To create realistic textures that simulate the materials, patterns, and surface details
of the original artifacts [2] .
3. In order to keep the authenticity for correctness in terms of cultural and historical
value against their physical counterpart digital assets.
4. For the optimization of models and textures to be able to fit into interactive
platforms with minimum loss in visual fidelity.
5. To make the digital experience more visual, informative, and engaging for the
users.

6. Cultural preservation by digital archiving for long-termuse [1] [2] .

©Daffodil International University 2



1.3 Expected Outcomes

We have a few aims to deliver several important outcomes for this project:

1. High-quality 3D models of various artifacts, including the ektara, tabla, and
historical monuments like the Lalbagh Fort [1] .

2. Adding realistic textures to digital copies for making them look really interesting
simulates the usage of such materials as wood, stone, and brass [2] .

3. Optimized 3D assets that can be seamlessly integrated into interactive platforms
like Unity [1] .

4. An interactive illustration of some rooms in the virtual museum, for better
experience by users.

5. A sustainable and scalable framework for the virtual museum's future expansion,
which will enable the addition of more artifacts and rooms in the future [2] .

1.4 Collaboration and Roles

This project is a collaborative effort, with each team member contributing based on their
expertise:

Prince Purification: Development of Virtual Bangladesh National Museum: 3D
Modeling and Texturing

Prince leads the 3D modeling and texturing part of the project: realistic digital
reproduction of artifacts and environments. He uses Blender for modeling [1] and
Substance Painter for texturing [2] , carefully making sure every single digital asset
conveys the details, proportions, and textures. His work focuses on visual fidelity and
cultural accuracy regarding the digital parts of the museum.

Ayon Anthony Peris : Development of Virtual Bangladesh National Museum:
Application on Unity

Prince Purification will integrate the 3D models in Unity to create an interactive virtual
museum system. Development of navigation, dynamic information panels, and other
features within a performance-enhanced environment will be included to attain a smooth
user experience

(11 [2].

Both roles come together in such a way that technical functionality and creative design
support each other in the delivery of the cohesive and visually stimulating virtual museum.

©Daffodil International University 3



1.5 Report Layout

The report consists of seven chapters in the following order:

Chapter 1: Introduction

Gives an overview of the project's background, objectives and outlines.
Chapter 2: Literature Review

Surveys relevant works in 3D modeling, texturing, and virtual museum development,
mapping challenges and opportunities

Chapter 3: Methodology

Describes the tools, workflows and processes used for the production of the 3D models
and textures.

Chapter 4: Design specification

Describes the aesthetic and technical choices of the museum’s design, from room codings
to the placement of artifacts.

Chapter 5: Implemantation and Testing
Covers importing models into Unity, testing results, and optimizing performance
Chapter 6 Social, Environmental and Sustainability Impact

Evaluates the social benefits, environmental impact and ethical issues related to the
project.

Chapter 7: Summary and Future Work

It summarizes the project’s results, and it points out areas for future work.

©Daffodil International University 4



CHAPTER 2

Literature Review

The Literature Review chapter presents a broad basis upon which the development of the
Virtual Bangladesh National Museum has been based by exploring relevant theories,
methodologies, and prior works in the domain of 3D modeling, texturing, and virtual
systems. This chapter explores the main terminologies and concepts that will be useful in
the understanding of both the technical and cultural aspects of the project. It further
investigates related works in the fields of digital heritage preservation and virtual museums,
presenting the methodology that these projects follow, the successes achieved in this

respect, and the limitations of said works.

Further, the chapter comparatively analyzes tools and techniques and determines how
appropriate they are to create realistic digital artifacts. The review of these precedents
allows the identification of the scope within which the various challenges have been
addressed in this project. This forms a basis for laying out the foundation on which some
challenges can be surmounted. These not only will inform the project but also contextualize

its contribution into the greater whole of digital heritage.

This chapter identifies the importance of cultural authenticity and technical accuracy in the
development of virtual museums through a critical review of related previous works. By
the end of this chapter, readers will have a deep understanding of the research involved in
this project and the justification for methodologies and tools used.

2.1 Preliminaries/Terminologies

Key terminologies in 3D Modeling Texturing in digital assets forming the basis for virtual
museums important knowledge for digital farmhouses. These terms describe the
methodologies, instruments, and techniques employed during the project phases.

3D Modeling:

Using software such as Blender, 3D modeling is the digital process of creating an object
in three-dimensional space. This process involves defining an object’s geometry its
©Daffodil International University 5



vertices, edges and faces to ensure accurate shapes and proportions [1] . To cite an
example, the ektara was created in YAF as per the design of ektara considering the curves
and details of its wooden structure and string adjuster.

Texturing:

Texture refers to the process of computing a surface detail, pattern and color on 3D models
to acquire realism. Textures that mimic polished wood, weathered stone, and brass [2]
were used in this project, created with Substance Painter. Finally, each artifact is textured
to appear as real as possible.

UV Mapping:

In this video learn about UV Mapping, a technique able to transform the surface of the 3D
object into a 2D representation, keeping accuracy for texturing. With proper UV mapping
and texture painting, the textures are able to cover the curved edges and irregular surfaces
like in the cylindrical body of the tabla [1] [2] .

PBR (Physically Based Rendering):

Thisisa realistic texturing workflow that most closely mimics how materials interact with
light under various lighting conditions. For artifacts like the Lalbagh Fort, achieving visual
realism through this process was crucial, where textures like greyed stone underwater
reflections and roughness values, among other things, were improved upon [2] .

Optimization:

That is what we call optimization decreasing the computational complexity of 3D models
with as little loss in visual quality as possible. A combination of retopology and texture
compression was used to achieve smooth performance on interactive platforms [1] .

2.2 Related Works

As such 3D modeling and texturing are paramount for maintaining cultural heritage, the
process to digitize and share artifacts. Here are some of the notable projects and studies
that demonstrate the power of these approaches:

Smithsonian 3D Digitization Initiative:

The Smithsonian’s project comprised the digitization of more than 2,000 artifacts using
high-resolution 3D scanning in tandem with manual modeling techniques. Their
painstaking attention to detail and fidelity to the material was a touchstone for this project,
especially when it came to reproducing the detailed carvings of the Lalbagh Fort [3] .

Google Arts & Culture:

©Daffodil International University 6



It is a platform that integrates 3D models, high-resolution images and virtual tours, making
heritage accessible interactively to users worldwide. This project was inspired by
Google’s emphasis on accessibility to ensure its digital assets work across the widest array
of devices [4] .

Louvre Virtual Museum:

The BBC added that the Louvre's digital undertaking has a lifelike 3D replica of each of
its most famed artifacts, "using PBR workflows, advanced texturing techniques and more.
Advanced techniques such as use of Substance Painter to simulate materials like aged
stone were directly applied with this approach for texturing artifacts such as the National
Martyrs’ Memorial [6] .

Reconstruction of Parthenon (Europe):

It took a mix of photogrammetry and manual modeling to get this project accurate to
history. These techniques stress the balance between automated process and artistic
contribution, which also happened with the modeling of the Musical Instruments Room

(5]
UNESCO Guidelines on Virtual Heritage:

According to UNESCO, cultural digital heritage projects should emphasize cultural
authenticity, accessibility, and sustainability. This approach informed choices about
material fidelity and upscaling during this project [7] .

2.3 Comparative Analysis

Insights from the comparison of 3D modeling and texturing tools and techniques guided
this project methodology.

Blender vs. Autodesk Maya:

Blender: A free software with feature sets covering both modeling and animation, Blender
was selected for its versatility and price. It enabled detailed rendering of art objects such
as tabla, allowing for correct geometry [1] .

Autodesk Maya: Despite being powerful and commonly found in the industry, Maya was
too expensive and too resource-heavy for this project.

Substance Painter vs Photoshop for Texturing:

Substance Painter: Extremely helpful to develop realistic textures that allow for
simulating polished wood (wood, plastic, metals, leather) and aged stone (stone, polymers)
material [2]

©Daffodil International University 7



Photoshop: While powerful, Photoshop does not have tools specifically for 3D texturing
and will be less efficient for this project.

Manual Modeling vs Photogrammetry:

Manual Modeling: was chosen for creative control over specifics such as the carvings
on the Lalbagh Fort and the wear on the surface of the tabla. Despite photogrammetry being
great for direct recreation of objects, when the artifacts were not properly preserved, it had
limitations that made manual techniques more fitting [3] [5] .

PBR Workflows:

PBR techniques were heavily used in Substance Painter, simulating the way materials such
as brass and stone interact with light in various environments. [6] This gives a greater
depth and authenticity to the [2] [6] artifacts.

2.4 Scope Of The Problem

Creating visually realistic and culturally authentic digital replicas is a complex task.
Several challenges highlight the scope of this problem:

Visual Fidelity Achieved:
Modeling and texturing will play a highly crucial role for the development of realistic
replicas; for example, even in rendering such details as strings of ektara [1] precise
sculpting was not avoided.

Ensuring Authenticity:

Any deviation from historical or cultural accuracy can diminish the educational value of
the project. Extensive research was undertaken to ensure the National Martyrs' Memorial
was faithfully represented [7] .

Performance Optimization:

High-polygon models can stress a system, in particular for those in interactive
environments; therefore, this paper employed the techniques of decimation and normal
mapping to balance quality with performance [2] .

2.5 Challenges

The development of 3D models and textures for the virtual museum carried a number of
artistic and technical challenges:

Technical Challenges:

©Daffodil International University 8



e Polygon Count Management: Detailed artifacts with good performance
needed a lot of planning and optimization [1] [2] .

o Texture Baking: Since there was a need to reduce computational load without
losing visual fidelity, it was necessary to combine multiple texture maps into
one image.

1. Artistic Challenges:

o Material Diversity: The project is diverse in material types, from varnished
wood to worn-out stone. Each of these requires special texturing methods in
order to get the right realistic result [2] [6] .

e Wear and Tear Effects: The simulation of aging effects, such as scratches and
discoloration on the tabla, added another degree of complexity to the texturing
process [3] .

1. Logistical Challenges:

e Resource Limitations: Since some artifacts were beyond reach for high-
quality references, creative approximations were necessary [7] .

e Collaboration Across Roles: Close coordination between modeling and
system integration teams was essential in order to ensure a seamless workflow

(1] .

This chapter has revisited all the main concepts, tools, and challenges that have so far been
developed in the creation of 3D models and textures for the virtual museum. Related works
analysis, tools comparison, and finding solutions to various challenges lay a sound basis
for developing culturally authentic and visually engaging digital artifacts.

©Daffodil International University 9



CHAPTER 3

Methodology

The Methodology chapter delineates the structured approach taken in developing the
Virtual Bangladesh National Museum and presents both technical and creative processes.
This chapter will elaborate on how 3D modeling, texturing, and integrating digital assets
into an interactive virtual environment have been done, presenting methods and tools. This
chapter will focus on research-driven techniques and iterative workflows so that the

museum reflects both cultural authenticity and technical precision.

It will then elaborate on how to select and apply the appropriate software for model creation
using Blender, Substance Painter for texturing, and Unity for system integration. Further
discussion on asset optimization, metadata, performance enhancements, among others,
used through the use of tools to counter some challenges in developing virtual artifacts are
elaborated on in the chapter. Besides that, research into a database of digitalization
preparation procedures regarding assets and preparation so as not to compromise historical

and cultural correctness on every single artifact.

This section presents the backbone of the methodology to be followed in this work, which
integrates the best techniques of innovative user-centered design. The virtual museum
should reach fidelity not only in its visual aspects but also in how it is capable of proposing
a stimulating and educative experience for every kind of public. By the end of this chapter,
the reader will have a clear view of the technical and creative process that drove the

development of this museum.

3.1 APPROACH TO PROJECT DEVELOPMENT

A systematic iterative approach was taken in the development of the Virtual Bangladesh
National Museum to achieve visual fidelity and user interactivity of high quality. The
aspects of this project focuses on two major components, realising the 3D models of
selected artifacts, and place them in an ambient virtual space. The development of the

current phase was broken down into stages:

Research and Planning:
©Daffodil International University 10



We researched in detail the selected artifacts such as the ektara, tabla, Lalbagh Fort, and

National Martyrs’ Memorial to ensure cultural and historical accuracy [1] [2] .

A project plan detailing milestones for modeling, texturing, and integration was created.
Asset Creation:

Each artifact was built with 3D modeling and texturing workflows, focusing on detail and

authenticity.

Tools like Blender and Substance Painter were chosen as they matched our project needs

(1] [3].
System Integration:

The end assets were then optimized and brought into Unity to add interactivity and

navigation systems.

The testing phases validated the system’s stability, user engagement, and performance

across multiple machines.

3.2 RESEARCH AND DATA COLLECTION METHODS

One important part of the project was collecting relevant data and references for the
artifacts and environments:

Primary Data Sources:

Visits to the Bangladesh National Museum were made to take photographs of artifacts and
to note details of their materials, dimensions and cultural significance.

Museum curators discussed the historical context of the selected items [2)] [4] .
Secondary Data Sources:

It assisted in finding references for modeling and texturing techniques (i.e. Smithsonian
3D Digitization Initiative, Google Arts and Culture) [3] [5] .

The research process had also been informed by scholarly articles and books regarding
Bangladeshi heritage, especially in preserving authenticity [6] .
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3.3 SELECTION OF TOOLS AND SOFTWARE

Tools were selected based on the project’s technical and creative needs.
Blender:

The main tool used to create detailed 3D models of artifacts and environments was
Blender.

Features Used:

Sculpting tools: Allowed for intricate detailing, e.g. carving patterns on the Lalbagh fort
and modeling the strings of the ektara [1]

uv mapping Can’t be missed, as it’s needed to prepare a model to get texturized in
substance painter [1] .

Substance Painter:
Substance painter was used to texture models for realistic materials.
Features Used:

Material Application: Faux polished wood, weathered stone, and brass to increase the
allure of the artifacts [3] .

Weathering Effects: Further added depth and authenticity, making sure the artifacts looked
historically accurate [3] [6] .

Adobe Photoshop:
In Photoshop, we polished the textures and mapping and created normal mappings.
Features Used:

Layered Textures: Enabled fine control over textures prior to their application on 3D
objects [6] .

Texture Optimization: Enabled Textures to be compacted with Unity’s rendering
system.

Unity:
The 3D assets were integrated and showcased with Unity as the platform.

Features Used:
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Scene Management: Pinned up the Musical Instruments Room and the Historical
Monuments Room traffic images as separate rooms [1] .

User interaction: Interactive functionalities like zoom, rotating, navigating between
artifacts are enabled [1] [3] .

3.4 3D MODELING AND TEXTURING

Central to the success of the project was developing high-quality 3D models and textures.
3D Modeling Workflow:
In Blender, we modeled them using a mix of polygon modeling and sculpting.

Instrument such as ektara/ or tabla needed detailed geometry to carry their cultural essence

(1] .
Texturing Workflow:

PBR techniques were used to create most of the Textures in Substance Painter, simulating
real-world material properties.

For instance, natural stone of the Lalbagh Fort was created through custom smart materials

(3] .
Optimization:

Techniques like decimation and normal mapping helped to lower polygon counts without
sacrificing visual fidelity.

Texture atlasing (also known as texture atlas) were later developments, where different
textures were combined into one map to minimize texture swapping [1] [3] .

3.5 WORKFLOW INTEGRATION OF UNITY

3D Assets were imported into Unity for integration and interactivity once they were
finalized.

Asset Import:

Models were created and imported to the engine as FBX files, in order to ensure
compatibility with Unity’s rendering pipeline [3] .

Applied and modified textures to match Unity’s lighting environm [6] .
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Interactive Features:
Navigation systems enabled visitors to navigate rooms and to remotely observe artifacts.

Information panels aimed to place it in a broader temporal perspective, adding educational
value [1 [2] .

Testing and Optimization:
Various testing was performed on multiple devices for a smooth user experience.

These were adjusted modifying the visual fidelity according to the system performance

(3] .

This chapter presents the methodology employed to develop the Virtual Bangladesh
National Museum. With the use of advanced tools like Blender and Substance Painter,
along with thorough research and workflow optimization, the project reached its end goal
of producing culturally authentic and visually stunning digital knock-offs.

©Daffodil International University 14



CHAPTER 4

This chapter provides an overview of the Development Workflow and the Implementation
process used to construct the 3D Virtual Bangladesh National through the creation of
quality 3D models and textures. This chapter details the approaches and techniques that
go into the making of the museum’s exhibitions, from visual fidelity to historical context.
My process went through several steps - Reference and model, then UV unwrap, texture,
and finally render. Using industry standard tools such as Blender and Substance Painter,
the project intended to create photo-realistic representations of artifacts while ensuring

technical efficiency and detail.

Each step of the workflow was curated to guarantee that the artefacts are indicative of the
cultural and historical worth they embody. In this chapter, it is shown how the modeling of
this character and his texturing have been created, and what were the difficulties faced and
how they were overcome. Include figures and screenshots that show the workflow in the

form of from initial references to final renders

4.1 Overview of 3d modeling Props

At the center of the project for the virtual Bangladesh National Museum, there are 40
meticulously detailed 3D models that are held in a close packed configuration scattered
around the museum. Two major group of props, already prepared for these events
representing the heritage significant to the history of Bangladesh and the Bengali people
— 20 initial traditional musical instruments and another group of 20 heritage monuments.
These very models were created only after alman and tried to replicate the authenticity of
actual dimensions and renders that give idols their originality in architecture and

environment.

However certain instruments like the ektara, dhol, tabla, bansuri (flute) are a real
recognition. These instruments are not just a representative of the rich musical heritage of
Bangladesh but also manifest its culture. Each instrument is intended to focus on details
such as the separate strings of an ektara or the grooves of the tabla so that everything sounds

as realistic and accurate as possible. At the same time, this virtual museum provides the
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opportunity for these models to be preserved visually, historically and available to the

world.

Cultural monuments are medium for architectural and historical details of the area, such
as replicas of the Lalbagh Fort, Shaheed Minar, village house, etc. These establishments
are amajor part of Bangladesh’s heritage, and the models were designed to showcase their
significance. Magnifying these monuments made it even more essential to respect the
historical accuracy of texture, of the carvings and proportions. For instance, the details of
the columns at Shaheed Minar were designed to reinforce the monument’s significance in

the history of the nation.

As such, the 3D models constitute a more complete portrait of Bangladesh’s artistic and
historical heritage. Thanks to the use of traditional musical instruments and monuments of
culture, the project is interesting and useful for users. The modelling owes particular
attention to both visual aesthetics and cultural accuracy and allows the users to experience
and immerse themselves in the heritage of Bangladesh. This diverse archive is a library
that lives, an effort that connects the past to the future, an almanac of Bangladesh’s legacy,
a digital trove for future generations, an anthology, if you will, of what may leave us but
will not be forgotten.

4.2 Blender Workflow

The 3D modelling process in Blender was implemented using the following stages, in
order to generate precise and detailed replicas of artifacts to implement into the virtual

version of the museum.

Reference Placement : Took in reference images of the artifacts, imported them into

Blender and arranged them in the viewport to get the correct proportions and design.

Blender Workspace Setup: Have Proper configuration to Blender workspace for

modeling and keeping reference images rendered visible through out the process.

Base Shape Creation: Constructed the basic outlines of each artifact by using primitive

shapes including cubes, cylinders and spheres.
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Scaling and Positioning Adjusting base shapes to match reference dimensions

Topology: Ensured clean topology from the beginning for better UV mapping and

rendering.

Adding Detailed Characteristics Using Sculpting Tools: Applied new sculpting tools
to create detailed characteristics like string structures on musical instruments or carvings

on architectural features.

Subdivision Modifier: Which applies a subdivision modifier to smoothen the surface and

making it look more realistic.

Defining Edge Loops and Refining the Geometry: | have added some edge loops and
also refined the geometry.

Implementing Mirroring: for time management on symmetrical objects, ensure matching

of both sides of the model

Material Assignment: Temporary materials were assigned to the parts of the models to

view a clear distinction between the components.

Wireframe Checks: Regularly switched to wireframe to check geometry and to check that

there are no geometry issues.

Last Touches: Adjust the proportions and details so that all models fit perfectly with the

reference images.

Material Assignment: Temporary materials were assigned to the parts of the models to

view a clear distinction between the components.

Below I have added some picture for ease of understanding.
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Figure 4.1 Outdoor 3D Model
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Figure 4.2 Inddor Model & Sharha Model
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Figure 4.3 Sky Lantern & Telephone Model
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Figure 4.4 Gramophone & Zogi Sarengi Model
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Figure 4.5 Chikara & Nal Model
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Figure 4.6 Banjo & Sontur Model
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Figure 4.7 Guitar & Mondolin Model
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Figure 4.8 Lamp & Sarod Model
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Figure 4.9 Hookah & piston Cornet Model
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Figure 4.10 Bangshi & Pena Model
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Figure 4.11 Ektara & Lamp Stand Mode
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Figure 4.12 Pulse & Lamp Model
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Figure 4.13 Sanai & Dugdugi Model
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Figure 4.14 Tagal & Gitchi Model
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Figure 4.15 Plate & Sauri-o-khok Model
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Figure 4.16 Langol & Hari Model
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Figure 4.17 Lantern & Supari Katar
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Figure 4.18 Supari Katar

4.3 Workflow Base mesh, wireframe and UV mapping

Virtual Bangladesh National Museum, the modeling process started with Base Mesh of
each artifact followed by Wireframe visualization for topology cleanup and UV Mapping

for the models to be textured.

The Base Mesh was built by placing and molding primitive shapes such as cubes and
cylinders in Blender to match images of the real-life artifact as it was in 1838, an iteration
of the Cross. The models started as these base shapes that got sculpted into more elaborate

details to reflect the design of the physical artifacts.

The models were then tested in Wireframe mode. This was an important step to examine
the topology, and to ensure the geometry was uniformly distributed. More edge loops were
added during this phase to accentuate the more important details and to optimize the model
for performance. Keeping the wireframe clean allowed the models to be easily unwrapped

without issues.
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Last of the steps was UV Mapping, in which 3D models are unwrapped to 2D surface in
order to make UV maps. Seams were accordingly placed in less visible parts of the models
to prevent texture distortions. The UV layout was edited to use the texture space

efficiently and exported for the next step in the texture process.

The next figures depict our journey through these steps:

Base Mesh: Base models or simple structures

Wireframe Visualization: clean topology and edge loops which describes model.

UV Mapping: Unwrapped layouts, prepped for detailed Texturing

Figure 4.19 Sharha Model
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Figure 4.20 Sky Lantern & Telephone Model
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Figure 4.21 Zogi Sarengi & Gramophone Model
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Figure 4.22 Chikara & Nal Model
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Figure 4.23 Banjo & Sontur Model
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Figure 4.24 Guitar & Mondolin Model

©Daffodil International University 41



Figure 4.25 Lamp & Sarod Model
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Figure 4.26 Hookah & piston Cornet Model
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Figure 4.27 Bangshi & Pena Model
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Figure 4.28 Ektara & Lamp Stand Model
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Figure 4.29 Pulse & Lamp Model
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Figure 4.30 Sanai & Dugdugi Model
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Figure 4.31 Tagal & Gitchi Model
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Figure 4.32 Plate & Sauri-o-khok Model
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Figure 4.33 Lagol Model

4.4 Workflow for Texturing in Substance Painter

For texturing, | used Substance Painter to import the 3D models from Blender, bake mesh
maps, and apply PBR (Physically Based Rendering) materials for realistic, high-quality
textures. The following is the workflow | used:

Importing Models

Blender Export: | exported the 3D models from Blender in OBJ or FBX format, with clean
intact UV maps.

Import into SP: Imported the models into SP (Substance Painter) and set up the project

with needed textures sizes (2K, 4K, ect.).
Baking Mesh Maps

Configure Bake Settings: | opened the baking menu and set the bake settings (Normal, AO,

Curvature maps, etc.) in Substance Painter.
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High-Poly Details: If | had them, | imported high-poly geometry to bake small details to

low-poly models.

Run The Bake: I set up the bake by creating mesh maps that recorded surface detail and

light information.

Check Bake Results: | examined the baked maps to check for mistakes, such as seam

artifacts, and | adjusted settings and rebaked if they needed to be.
Applying Base Materials

Using PBR Materials For the base materials, | used the performance based materials that
fit in the real life capabilities of the artifacts, like polished wood for a musical instrument

and ancient stone for a monument.

Assign Materials: Hence, | assigned these materials to different model parts and mapped

and aligned them correctly.

Pimp My Material Settings: | adjusted material properties, including roughness,

metallicity and normal intensity, for a natural texture.
Adding Details

Recipe: I made additional layers to incorporate details like light, scratches, or dust for an

extra touch of realism.

Procedural Textures: | created patterns like wood grain, stone cracks, or fabric textures

with procedural tools in Substance Painter.

Specific Areas: | hand painted areas needing detail, such as intricate patterns on

instruments or faded carvings on monuments.
Exporting Textures

Texture map: | set the export settings to produce compatible maps for Unity as PNG or
TGA file formats.

Export Texture Maps: | exported texture maps like Base Color, Normal, Roughness and

Metallic for use in Unity.
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Final Check: | opened the exported textures in a 3D viewer to make sure it was of good

quality and seamless before coming into Unity.

Below | have added some picture for ease of understanding.
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Figure 4.34 Sharha Model Texture
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Figure 4.35 Sky Lantern & Lamp stand Model Texture
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Figure 4.36 Lamp & Telephone Model Texture
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Figure 4.37 Zogi Sarengi & Gramophone Model Texture
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Figure 4.38 Chikara & Nal Model Texture

©Daffodil International University 56



Q0D L/ B =

AYARA X 15T JEaTaray .t o

Q00 0Q/ @ F &

.\o .\.(\ \,)'«. Y AYAY . "f

Figure 4.39 Banjo & Sontur Model Texture
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Figure 4.40 Guitar & Mondolin Model Texture
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Figure 4.41 Lamp & Sarod Model Texture
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Figure 4.42 Hookah & piston Cornet Model Texture
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Figure 4.43 Bangshi & Pena Model Texture
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Figure 4.44 Figure 4.43 Kath Taranga & Ektara Model Texture
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Figure 4.45 Ektara & Pulse Model Texture
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Figure 4.46 Lamp & Sanai Model Texture
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Figure 4.47 Dugdugi & Tagal Model Texture
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Figure 4.48 Gitchi & Plate Model Texture
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Figure 4.49 Hari & Sauri-o-khok Model Texture
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Figure 4.50 Langol & Indoor Model Texture
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4.5 Final Output

Successfully finished 3D modeling and led the texturing process of the artifacts in
production, 3D artifacts prepared and ready to be put into Virtual Bangladesh National
Museum. The models were created in Blender with texturing in Substance Painter with
careful ... to ensure they reflect their actual counterparts as accurately as possible. The

final renders showcased the realistic visual quality and careful attention to detail,

expressing the context of Bangladesh’s

Figure 4.51 Sharha Final Render
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Figure 4.52 Sky Lantern & Lamp Stand Final Render
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Figure 4.53 Lamp & Telephone Final Render
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Figure 4.54 Lagol & Gramophone Final Render
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Figure 4.55 Plate & Zogi Sarengi Final Render
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Figure 4.56 Chikara & Nal Final Render

©Daffodil International University 74



Figure 4.57 Banjo & Sauri-o-khok Final Render
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Figure 4.58 Sontur & Guitar Final Render
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Figure 4.59 Mondolin & Lamp Final Render
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Figure 4.60 Sarod & Hookha Final Render

©Daffodil International University 78



Figure 4.61 Piston & Bangshi Final Render
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Figure 4.62 Pena & Kath Taranga Final Render
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Figure 4.63 Dugdugi & Tagal Final Render
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CHAPTER 5

Implementation And Testing

The Implementation and Testing chapter covers the practical application of the approaches
and tools explained in previous sections. In this chapter, it is explained how the 3D models,
textures, and metadata were imported into the virtual museum system using Unity. The
chapter highlights the technical prowess required from designing the interactive user
interface to performance tuning across devices.

It also describes testing procedures performed to verify the system’s functionality,
usability, and availability. Hence metrics like frame rates, loading times and user feedback
were monitored to identify any areas which could potentially fall short. Also, conduct
iterative testing led to improvements in interactivity, navigation and overall user
experience.

This chapter offers a preview of the implementation along with testing aspects so that
challenges faced and how they are resolved are well presented. This helps to ensure that
the virtual museum not only looks great, but also is technically sound and easy to use.]

5.1 Implementation Of Database And System

The virtual Bangladesh national museum is based upon assets integration and systems
efficiency. The following is an outline of asset preparation, metadata and system
organization stages.

5.1.1 Asset Preparation

All 3D models and textures were exported and prepared before being imported into Unity,
thus ensuring scalability and compatibility.

3D Model Optimization:

Models created in Blender were exported using FBX format, retaining geometry, UV
maps, and material assignments [1] .

Retopology techniques were then applied to high-polygon models to reduce
computational demand but ensure visual fidelity.

Texture Creation and Compression:

PBR compatible maps (albedo, normal and roughness maps [3] ) of textures created in
Substance Painter were exported.

Texture atlas multiple textures were packed into a single map, decreasing draw calls in
Unity, which ultimately improves performance [6] .
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5.1.2 Data Management

The interactivity and educational goal of the museum depended on being able to organize
the data efficiently.

Metadata System:

This included details about the artifact, such as names, dimensions, historical significance
stored in a JSON-based database. This allowed them to be easily retrieved and be
displayed through Unity’s Ul system [5] .

Dynamic Information Panels:

The JSON database was linked and when users interacted with artifacts, information panels
would dynamically display metadata. The inclusion of these panels was key to increasing
the educative value of the museum [6] .

5.2 Front-End Design Implementation

Front-end design included user interface and environment layout designs, with the goal of
creating an intuitive and immersion experience.)

5.2.1 Environment Design

Room Layouts:

Using observations from the physical museum, the Musical Instruments Room and
Historical Monuments Room were designed in Unity.

Spatial arrangements included central displays for prominent artifacts, like the ektara and
Lalbagh Fort, to catch users' eyes [2] [4] .

Lighting and Shadows:

Static elements used baked lighting, but real-time lighting affected interactive odes.
Ambient occlusion and other techniques gave depth and realism to the scenes [6] .

5.2.2 User interface and interaction

Interactive Features:

Artifacts would activate information panels when clicked, presenting historical and
cultural details [5] .

Zoom and rotation controls let them view artifacts from different angles [6] .

Navigation System:
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We used Unity's NavMesh system to smoothly navigate through the museum, making the
user experience intuitive [6] .

5.3 Optimization Techniques

Since the system had to be efficient on a wide variety of devices with different
specifications, optimization was essential.

5.3.1 Model Optimization

Level of Detail (LOD) Models:

LOD models were constructed to show high-polygon artifacts at shorter distances and
simplified ones at further distances [1] .

Static and Dynamic Batching:

Static elements (e.g., display cases) were combined using static batching, while dynamic
elements made use of dynamic batching to reduce rendering overhead [6] .

5.3.2 Light and Texture Optimization

Texture Atlasing:

Atlasing merged several textures into one map for the purpose of decreasing the load on
the GPU and speeding up the rendering [3] .

Lighting Bakes:

Static elements had their lighting pre-calculated, reducing real-time processing demands
which reserved resources for interactive features [6] .

5.4 Testing Implementation

Testing was done to verify that the virtual museum passed performance, visual and
interactivity tests.

5.4.1 Performance Testing

Metrics Monitored:

We measured frame rates, memory usage, and rendering times using Unity's Profiler tool

(6] .
Device Compatibility:
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Thorough testing was completed on devices from High-end PCs to mid-range & low-end
smartphones and uniform performance was ensured cross-platform [3] .

5.4.2 User Testing

Participant Feedback:

Twenty subjects, across both museum staff and students, rated navigation ease and artifact
interactiveness. Responses pointed to the system’s authenticity and accessibility [5] .

Bug Tracking and Fixes:
Then common issues, including texture flickering and Ul sluggishness were iteratively

spotted and resolved [6] .

5.5 Test Results and Reports

The result of the testing phase yielded measurable results that verified the reliability and
effectiveness of the system.

5.5.1 Performance Results

Frame Rates:

Average frame rates stayed at around 60 FPS for high-end devices and 30 FPS for mid-
range devices, reaching pre-defined performance benchmarks [6] .

Memory Usage:
Optimizations lowered memory footprint by 25%, allowing smooth navigation on low-

resource devices [3] .

5.5.2 Feedback from Users and Enhancements

Positive Feedback:

The interactive aspects of the museum, the level of detail of the artifacts, and the ease of
navigation were praised by participants [5] [6] .

Incorporated Suggestions:

Further tweaks were made to add more layers of level zoom, better shader effects and user-
interface response [6] .

Implementation and Testing on the Virtual Bangladesh National Museum showed that
tools such as Blender, Substance Painter, and Unity were used effectively. Through the
fusion of careful asset preparation, deliberate environment design, and comprehensive
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testing, the project was able to fulfill its aims in authenticity, interactivity, and
performance. Available to improve ahead of the requirements From a position to react to

feedback over time, continuous iterations have allowed the system to be scalable and
reliable.
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CHAPTER 6
Impact On Society, Environment, And Sustainability

The Impact on Society, Environment, and Sustainability This chapter analyzes the
project's contributions to the preservation of culture, education, and accessibility around

the world, as well as the project's ethical ramifications and ecological impact.

Building on the analysis of the societal impact in the previous chapter, it emphasizes the
museum's role as an educational tool and medium for stimulating cultural awareness
amongst a diversity of audiences. The article also mentions the positive environmental
impact that digitizing artifacts has, by decreasing resource utilization and ecological impact

through digitizing practices as opposed to traditional museum practices.

It also notes other ethical considerations in play, including representing cultures, whether
or not the game is inclusive, and following all intellectual property rules and laws. And the
sustainability plan describes how all of these addition shape up into a long-term vision that
benefits the museum and the communities it serves for generations to come. This chapter
gives a holistic overview of how technology can drive meaningful change on the social

and environmental front.

6.1 Impact on Society

Virtual Bangladesh National Museum is an alternative way of the preservation of culture
and creativity to the people with the use of technology through the innovation in the new
age.

Educational Value:

Museum visits can be logistically insurmountable for some students, especially for those

students who lived in rural areas or with other geographic or means-based border when it
comes to museums. The virtual museum eliminates these barriers [8] , so educational

institutions can add valuable cultural artifacts to their curriculum with no added expense.

Interactive features, such as the ability to click around and zoom in on artifacts, enable

students to interact with historical items in ways that physical exhibits cannot. For
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example, they can examine closely the intricate carvings on the Lalbagh Fort or the string

assembly of the ektara, that encourages curiosity and sustains learning.
Global Accessibility:

Using the internet to provide unlimited access to Bangladeshi heritage from anywhere in

the world, the virtual museum is different. Such democratisation of access is particularly

important for expatriates and global audiences wanting to know about Bangladeshi Culture
[10] .

Physical presence encourages intercultural communication that enhances Bangladesh’s

legacyand brings it to the world.
Cultural Preservation:

Since physical artifacts tend to decay over time, producing high-quality digital variants
preserves their historical importance. These replicas will not deteriorate over time and

thus will help reduce the need for labor-intensive physical conservation methods [11] .

The museum’s repository could also serve as a backup for the recovery or reconstruction

of artifacts that may be lost to natural disasters or accidents.

Community Engagement:

Utilizing multimedia features like audio recordings of traditional song or narrated historical
tours, the project reaches a broad demographic, targeting brainiacs and technophobes alike
[12] .

Local residents are also invited to participate by either sharing stories about their lives or

donating artifacts, empowering them with ownership of the nation’s heritage.
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6.2 Impact on Environment

Through its operation the virtual museum promotes environmental sustainability by

minimizing the environmental impact of more conventional operations.
Decrease in touching of ACTUAL artifacts:

Handling the artifacts regularly — to put them on display or to move them — runs the risk
of damage, while chemical preservation approaches may come harmful to the setting. The

virtual museum mitigates such risks by offering digital replicas [10] .

6.3 Ethical Aspects

Ethics Committee The project's ethics committee ensures that cultural heritage is

represented in a responsible and accurate manner.
Cultural Representation:

The accurate representation of these artifacts is pivotal to preserving their cultural value.
This requires detailed research and validation with historians and curators to make sure it

is realistic [11] .

The project also aims to allow for the regional diversity within Bangladesh itself,
showcasing artefacts from different cultural and historical contexts.

Inclusivity:

It is available to all, including people with disabilities. We also integrated accessibility

features like keyboard navigability and text-to-speech options [12] .

Intellectual Property Compliance.

Karaditakal Eras artist took issue with the digital artifact. To mitigate this, the project
obtained necessary permissions from the Bangladesh National Museum and followed

licensing agreements for tools and software [15] .

The virtual museum was made available openly so that knowledge could be shared without
commercial exploitation.
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6.4 Sustainability Plan

As part of the design for the virtual museum, sustainability is one of the cornerstones to
insure its relevance, applicability and viability for future generations.

Digital Archiving:

We have created a set of high quality 3D models with texture which will serve as a digital

archive so that a piece of Bangladesh’s heritage can be preserved for Virtual future use [

13] .

These are held in a format that will be compatible with emergent technologies, ensuring

that they can be used far into the future.
Cost Efficiency:

Digital preservation is far more cost-effective than the physical preservation modality that
must fund restoration, maintenance and storage [14] . The savings can be invested in

enhancing the virtual museum or similar initiatives.
Scalability and Flexibility:

Because the project is constructed upon an extensible framework, we can easily add new
rooms, artifacts, or multimedia content. Future extensions could be virtual exhibitions or

more involved co-coding with other cultural institutions [9]
Incorporating the Latest Technologies:

The museum’s digital treasure trove is interoperable with emerging technologies,
including augmented reality (AR) and virtual reality (VR). Future updates might also offer
immersive experiences, allowing users to “walk” through virtual exhibitions or manipulate

artifacts via motion controls [15] .
Community-Centered Growth:

On several occasions, the sustainability plan argues that synergies will be created through

cooperation with the local communities and stakeholders. This allows for regular updates
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with new information that is based on newly discovered artifacts or user feedback that adds

to the richness of the museum provides [12] .

One such example is how technology has bridged gaps between tradition and innovation
with the Virtual Bangladesh National Museum. It also serves as an educational tool,
engaging users with different perspectives, or preserving something valuable about
societal heritage. Again, environmentally, the intervention minimizes the ecological
footprint of traditional museums, allowing for a sustainable way of conserving legacy.
Through solidifying its commitment to ethics and sustainability, the virtual museum aims

to preserve the legacy of Bangladesh’s great history for future generations.
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CHAPTER 7

Conclusion And Future Scope

The Conclusion and Future Scope chapter discusses the results of the Virtual Bangladesh
National Museum project and future pathway for new developments. This chapter
contemplates whether the project succeeded in its initial goals, namely the realistic digital
renders and immersive virtual space for cultural maintenance.

It also highlights plans for further improvement (VR/AR/AI adoption, etc.). Such
innovations might widen the museum’s interactivity, accessibility and global reach.
Moreover, the chapter suggests how to engage the communities into the project, giving
them a sense of ownership and participation in safeguarding the cultural heritage of
Bangladesh.

This chapter highlights the transformative potential of technology in heritage preservation
by providing comprehensive overview of the projects achievements along with roadmap
of future growth. It leaves a reader with a sense of the museum’s lasting influence — and

how it might still change.

7.1 Discussion and Conclusion

The Virtual Bangladesh National Museum marks a paradigm shift in the preservation
and representation of the nation’s rich cultural heritage. This project is a successful
combination of tradition and technology by employing great tools like Blender, Substance
Painter, and Unity. By developing 3D models and textures, the museum is providing users
an interactive and educational experience through the virtual reality and experience.
Project Achievements:

Various digitised replicas of artefacts like the ektara, tabla, Lalbagh Fort and National
Martyrs’ Memorial were successfully developed as part of the project. These models were
integrated into an interactive virtual environment that mimics the physical museum's
environment [1] [2] .

The inclusion of multimedia features, including audio samples of cultural music, deepened

user interaction and enhanced museum narratives [3] .

Societal Contributions:
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This virtual museum is a great educational resource, especially for students and
researchers who cannot afford to visit the museum. It has also helped to create awareness
about Bangladesh and an appreciation for its culture worldwide [4] [5] .
Challenges Overcome:

Technical and artistic challenges such as optimizing high-polygon models and ensuring
cultural authenticity were overcome through testing and iterative development, leading to
the project's success [6] .

To sum up, Virtual Bangladesh National Museum is helping to retain the various cultural
artifacts but at the same time is making it available and relevant in the digital era. In doing
this they are showing how technology can be used to preserve and celebrate the heritage

of a nation.

7.2 Scope for Further Developments

The insight based on this project is, although the primary objectives are met, there is a lot
of scope for improvement in future. Raising the museum'’s level of abilities and functions

will make it a more prominent trend-setting cultural and educational platform.

7.2.1 New Artifacts and Rooms

Expand collections of exhibits:

Future versions of the museum might also have extra rooms showcasing Bangladeshi art,
literature, and traditional crafts. A room dedicated to artists like Zainul Abedin would give
a holistic picture of the country’s art [7] .

Interactive Historical Timelines:

That could help users understand the context on a historical timeline integrating a timeline
feature that traces the history of artifacts, determining their existence over time. For
instance, the timeline could show the transition of traditional musical instruments over the
centuries [8] .

Cultural Festival Displays:
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Virtual exhibitions can imitate traditional fairs, for instance, Pahela Baishakh or Ekushey
February enabling users to not only visually move through cultural festivals using 3D

objects and multimedia [9] .

7.2.2 Improved User Experience

Incorporation of Virtual Reality (VR):

By integrating VR technology, users would have the ability to “walk through” the
museum, creating a more in-depth experience. Using motion controls, users were able to
interact with artifacts in real-time, improving user engagement [10] .

AR Applications:

AR could allow users to see artifacts in their own physical environment. Users, for
instance, could place a 3D model of the Lalbagh Fort on their desk and click through and
explore its details interactivity [11] .

Gamification:

Gamified features like quizzes or treasure hunts inside the museum, for example, may

attract younger audiences to the platform [12] .

7.2.3 Technologies avancées

Artificial Intelligence (Al):

For instance, Al virtual guides could deliver tailor-made tours in real time, adjusting to
user preferences. For example, one can be specific to musical artifacts for people who are
interested in traditional Bangladeshi music [13] .

Multilingual Support:

By inviting languages such as Bengali, English, etc., the museum will become more

accessible to wider audience [14] .

Cloud-Based Accessibility:
The museum created virtually and hosted on cloud platforms can be accessed from

anywhere in the world regardless of the device specifications [15] .
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7.2.4 Sustainability and Community Engagement

Collaborative Partnerships:

They could partner with different local and international cultural organizations to secure
both funding and resources for future expansions such as UNESCO or Asia Society [16
].

User-Generated Content:

Enabling users to input their own cultural narratives, images, or artifacts would engage the
community with the museum and grow the museum’s archive [17] .

Sustainability Initiatives:

We could introduce green technologies into the project, including energy efficient servers,

using renewable energy sources, etc  [18] .
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CONCLUSION

Virtual Bangladesh National Museum — a tribute to technology standing its ground in
preserving culture. The project has by establishing a strong base for future advancements by
reaching its early Objectives. The virtual museum, powered by emerging technologies like VR,
AR, and Al, has the potential to create a cultural agora that connects and contextualizes the
past and the future like never before.

It will ensure sustainability and relatability of the museum which will be achieved through the
next steps like widening of the artifact collection, inclusion of advanced technologies and
community engagement. With the rapid advancement of technology, the Virtual Bangladesh
National Museum will evolve, develop, and achieve more and continue as an ever-evolving
platform that fulfills the significance of the museum as a showcase for the rich history and

culture of Bangladesh for generations to come.
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