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ABSTRACT

The 3D Car Visualization and Customization Platform is a new web-based application that allows users
to digitally visualize and customize vehicles from an immersive and realistic viewpoint. Although
traditional methods, like visiting a showroom and viewing brochures, sufficiently represent how a vehicle
will look and perform, this platform presents a digital model of the vehicle in 3D, which allows users to
visualize the vehicle from all angles and customize body color, wheels, lights, and accessories in real-
time. The overall goal is to create an enhanced user experience and improve user decision making,
facilitated by the instant gratification of visualizing the user's customizations in 3D. Moreover, it helps the
automotive industry reduce reliance on display models and costs associated with showrooms, while
optimizing a digital marketing strategy.
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1. INTRODUCTION

Images and conventional catalogs of cars do not often provide customers with a full understanding of how
their vehicle will look after adding different design options and features prior to purchasing. The inability
to see realistic representations creates confusion and hesitance in confidently making decisions.

The 3D Car Configuration and Visualization Platform is created to be a digital solution to change the car
selection process. It provides a web-based platform that allows users to view, rotate, and customize a
virtual model of a car's characteristics, such as color, wheel and accessories in a realistic view -- all in real
time. The interactive platform provides a modern way to select a car, enhances customer's ability to make
more informed choices, and reduces the number of physical display options needed by the industry.
Objectives

The main objectives of this project include:

Enhanced User Experience: To provide a highly immersive and realistic viewpoint for 2x2Wusers to
digitally visualize and customize vehicles.

Real-Time Customization: To allow users to customize car features (like body color, wheels, lights, and
accessories) and view those changes instantly on the 3D model.

Accessibility: To create a web-based platform using technologies like WebGL/Three.js that is accessible
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and functions smoothly on standard devices without requiring high-end hardware.

Industry Optimization: To help the automotive industry reduce reliance on display models and costs
associated with showrooms, while optimizing a digital marketing strategy.

The Major Input and Contribution

The major input of this article is the system design of a live, web-based 3D car visualization system that
overcomes the limitations of traditional pre-rendered images and low- interaction configurators. The
intended solution reveals two main innovations when compared to the traditional car configurator systems.
Real-Time, 360-Degree Interaction via WebGL: The proposed model utilizes the WebGL rendering
technology and the Three.js library. The purpose of this system is to facilitate the seamless rendering of
an optimized 3D car model directly within the browser, enabling full rotation, zooming, and immediate,
realistic visual feedback on all customization inputs. As a result, users get an immersive, all-angle view
of their customized vehicle, leading to a drastic decrease in purchase uncertainty and reduced customer
confusion.

Optimized Performance for Accessibility: The infrastructure is built using standard web technologies
(HTML, CSS, and JavaScript) with a focus on optimized 3D model loading and rendering. This ensures
the platform maintains stable frame rates and a smooth user experience even on regular devices and
browsers, without requesting powerful device hardware. Thus, the administrators (car companies) are
given the opportunity to reach a wider audience and enhance their digital outreach proactively.

The system overall is a combination of immersive visualization, real-time feedback, and high accessibility
in the car selection process—a combination that allows institutions to improve their responsiveness,
enhance the quality of services, and create an environment that is more centered around the students
(customers).

2. LITERATURE REVIEW

The digital transformation of the automotive retail experience is driving a critical need for advanced
visualization tools that surpass the capabilities of traditional static configurators. The reviewed literature
strongly supports the transition from image-based systems to real-time, browser-native 3D rendering to
overcome significant experiential and technical barriers.

2.1. The Experiential and Technical Deficit in Current Configurator Systems

Current industry-standard configurators, as deployed by major automotive brands, are primarily identified
as sophisticated image-stitching tools rather than true real-time rendering platforms (Gupta & Mehta,
2019). This foundational technological limitation results in a demonstrable Experiential Deficit for the
user.

Limited Interactivity and Realism: By relying on pre-computed visuals, existing systems can only simulate
interactivity, severely restricting users to a finite number of predefined camera angles and rotations (Miller
& Zhang, 2022). This failure to provide a genuine, 360-degree, real-time sense of the vehicle's appearance
from every view is a major shortcoming.

Shallow Personalization: Customization options often remain basic, failing to extend to complex, high-
value modifications such as detailed interior design, realistic material simulation, dynamic lighting
adjustments, or the nuanced placement of accessories (Gupta & Mehta, 2019). This limitation frustrates
the user's desire for deep personalization and an accurate preview of their final vehicle.

Furthermore, a significant Technical Barrier to mass adoption is recognized: the older systems' demand
for considerable client-side processing power or high-speed internet to handle large, pre-rendered data
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assets (Johnson & Lewis, 2020). This dependence conflicts with the goal of universal digital market reach,
limiting the potential customer base to those with high-end computing devices (Miller & Zhang, 2022).
2.2 The Paradigm Shift to WebGL and Real-Time Rendering

The reviewed literature converges on a technological solution: the necessity of adopting modern, browser-
native rendering solutions based on WebGL (Web Graphics Library) (Johnson & Lewis, 2020; Brown &
Davis, 2021). The utilization of specialized JavaScript libraries, such as Three.js, is consistently advocated
as the accepted method for implementing this shift (Gupta & Mehta, 2019).

This WebGL-based architecture delivers the following crucial advantages:

Hardware-Accelerated Performance: WebGL enables the direct utilization of the user's Graphics
Processing Unit (GPU), resulting in high-fidelity visuals, faster frame rates, and instantaneous response
to user inputs like rotation and color changes (Brown & Davis, 2021). This real-time rendering capability
is foundational to improving the user experience.

Optimized Accessibility and Cross-Platform Compatibility: By utilizing optimized 3D models and
standard web protocols, the solution eliminates the requirement for proprietary plugins. This ensures the
application runs efficiently across a broad spectrum of standard browsers (Chrome, Firefox, Safari) and
devices, significantly broadening the potential customer base and fulfilling the mandate for optimized
accessibility (Miller & Zhang, 2022).

Enhanced Realism and Material Simulation: The technological leap provided by WebGL allows for
realistic material simulation and unrestricted, real-time interactivity (Johnson & Lewis, 2020). This is
critical for delivering the detailed, lifelike visualization necessary for high-value customization decisions.
In summary, the literature establishes a clear argument for developing the proposed platform on a WebGL-
based architecture. This transition is deemed essential for overcoming the functional and experiential
limitations of previous generations of configurators, ultimately delivering the realistic, personalized, and
universally accessible 3D visualization required for the contemporary automotive retail sector.

For the creation of an intelligent feedback management system, Natural Language Processing (NLP) and
Machine Learning (ML) are the two major factors on which the whole system will be built to process the
unstructured textual feedback by analyzing, categorizing, and generating valuable insights. The
researchers have already conducted several studies regarding these three techniques, which are text
classification, sentiment analysis, and feature engineering, as the ones crucial for the development of such
automated systems.

2.3 User Interaction and Customization Behavior in 3D Visualization Systems

Modern 3D car design platforms focus heavily on how users interact with the model during customization.
Earlier systems with fixed images and limited controls provided very little insight into user preferences.
With the shift to real time 3D rendering, developers can now observe how users rotate the car, inspect
specific parts, and experiment with different customization options—helping them understand what
features customers value the most [6].

Real-time interaction creates a more immersive experience and allows users to make confident design
decisions, as they can instantly preview materials, colors, or lighting changes (Miller & Zhang, 2022).
Recent systems also incorporate Al-driven interaction analysis to identify common user choices and
suggest relevant customization options, making the platform more intuitive and personalized (Wilson,
2023).

[6] (Reference Connection): Shows how real-time rendering improved understanding of user needs by
replacing static, limited visualization tools.
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Traditional Machine Learning Approaches:

Earlier systems in car customization focused on giving users the ability to change colors, parts, and design
elements directly on a 3D model. Tools that supported real-time updates allowed both designers and
customers to instantly see the results of their modifications, which made the process more engaging and
easier to manage [7], [8]. These interactive platforms were considered practical because they simplified
the workflow and helped designers evaluate multiple ideas without needing to create new models each
time. Studies comparing different systems also pointed out that user-friendly interfaces and smooth
interaction greatly improved decision-making in the design stage [9].

[7] (Interactive Customization Systems): This study highlights how early 3D customization tools made
it possible to adjust vehicle features instantly, helping users visualize their choices without delay.

[8] (Real-Time Rendering Importance): This reference supports the idea that real-time rendering plays
a key role in accurate vehicle prototyping, allowing designers to assess modifications more clearly and
efficiently.

[9] (User Experience Reference): This source explains that simple, intuitive, and visually clear interfaces
were crucial in making initial 3D customization tools effective, particularly in helping users understand
and explore design options smoothly.

Modern Deep Learning Approaches:

With advancements in Al and rendering technologies, modern design systems now offer a far more
immersive experience than older methods. These new platforms can provide realistic car visuals, suggest
intelligent design improvements, and automate certain aspects of the development process. Compared to
earlier static or manually driven methods, Al-integrated tools offer faster workflows, improved
personalization, and a more convincing visual representation of car designs. Research also shows that
these enhanced technologies contribute to better scalability and smoother customization experiences in
automotive design [10].

[10] (AT and Automation in Automotive Design): This source explains how Al and automation
transform the design workflow by offering intelligent suggestions, optimizing processes, and creating
more efficient and scalable car customization environments.

[8] (Real-Time Rendering in Prototyping): This reference emphasizes how real-time rendering
enhances accuracy in car prototyping by allowing immediate visual evaluation of design changes.

[9] (User Experience in Customization Systems): This study highlights the importance of a smooth,
user friendly interface in modern 3D customization platforms, helping users interact with vehicle models
more effectively.

3. METHODOLOGY

This platform utilizes a well-defined, gradual development process that emphasizes a web- based
approach. This strategy is crucial as it leverages readily available browser technologies, such as WebGL,
to provide access and smooth performance without imposing the need for high-end, dedicated hardware
on the user.

3.1 Functional Requirements

To ensure the successful realization of an immersive and interactive configuration experience, the system
is designed around the following core functional requirements:

Visualize a 3-D car model that can rotate and zoom: The system must load and display a high fidelity
3D model of the car, allowing the user to manipulate the viewpoint through free rotation (360 degrees)
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and intuitive zooming controls for detailed inspection.

Allow the ability to customize car features including color, wheels, and accessories: The interface
must present clear options for personalization, enabling the user to select from various colors, wheel
designs, and pre-modeled accessories.

Customized features must automatically update to the 3-D model: The most critical requirement is
that any selection made by the user must render instantaneously on the 3D model, providing real-time
visual feedback without delay or the need for page reloads.

Use the web browser; no additional software installation is required: The platform must be completely
self-contained within the browser environment, accessible via a standard URL without requiring plugins,
downloads, or external software installations.

3.2 System Architecture and Technologies

The core of the system is based on a Client-Server, Web-Based Architecture. The heavy computational
lifting of 3D rendering is performed directly on the client's browser, enabling responsiveness.

Table 3.3

Category Tools/technologies Purpose

3D Rendering WebGL/Three.js Display and interact
with 3D car model

Frontend HTML,CSS,javaScript Design Ul and|
userinteraction

3D modelling Blender/Maya Create and optimize car
models

3.4 System Algorithms

The real-time interactivity and visual fidelity of the platform are governed by a sequence of key
algorithms:

3D Model Loading and Initialization Algorithm:

Function: Responsible for efficiently fetching the optimized 3D model data (typically in GLTF or OBJ
format) from the server.

Process: The algorithm first initializes the Three.js scene, sets up the virtual camera and dynamic lighting,
and then loads the model's geometry and texture files. It ensures that the model is placed correctly in the
scene and is ready for interaction immediately upon loading.

Real-Time Material Update (Customization) Algorithm:

Function: Handles the instantaneous visual change when a user selects a customization option (e.g., a
new color).

Process: When a color or wheel selection event is detected, the algorithm locates the specific mesh (or
material slot) on the 3D car model that needs modification. It then instantly updates the material properties
(such as the hex color code or the texture map for the wheels) of that mesh. This avoids re rendering the
entire scene from scratch, ensuring seamless, non-lagging feedback.
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Optimization and Level-of-Detail (LOD) Algorithm:

Function: Ensures smooth performance across various hardware profiles.

Process: During the 3D modelling phase (using Blender/Maya), the model is optimized by reducing its
polygon count without sacrificing visual quality. In the rendering phase, if performance drops, an LOD
approach can be implemented, selectively reducing the detail of components (like far-away accessories)

to maintain a target frame rate, prioritizing the smooth interaction experience.
3.5 Data Flow and Interaction Sequence :
The user interaction with the platform follows a streamlined data flow:

1. User Input: The user interacts with the customization panel (e.g., clicks the "Red" color button).

2. Event Capture: The JavaScript frontend captures this click event.

3. Data Trans.mission: A function is triggered, sending the new material parameter (e.g., newColor:
#FF0000) to the Three.js rendering engine.

4. Model Update: The Real-Time Material Update Algorithm within the Three.js engine receives the
parameter, identifies the target mesh (e.g., the car body), and immediately applies the new material
property.

5. GPU Rendering: The WebGL renderer utilizes the client's GPU to draw the updated 3D scene.

6. Visual Output: The user instantly sees the car model rendered in the new color
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Fig 3.6: Data Flow Diagram
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Figure 3.6 represents the following data flow diagram.

WebGL-Powered Frontend: The core visualization uses React and GLTFLoader to render 3D car
models in real-time within the browser, ensuring a smooth, hardware-accelerated experience.

Modular Customization: Users interact with a dedicated interface to achieve real-time component
swapping (e.g., Wheels, Lights) and instant material changes (e.g., Body Colors) on the 3D model.
Decoupled Architecture: A Node.js/Express API acts as the intermediary, ensuring the visualization
logic is separate from the data management, which aids in scalability and maintainability.

User Configuration Management: The platform enables users to save and resume their unique vehicle
configurations, which are tracked and accessible via the Dashboard alongside usage metrics like
"Unlocked Cars" and "Total Spent."

Admin Upload Workflow: Administrators maintain the catalog by using a specific workflow to upload
new.glb 3D models and their associated metadata into the system's storage and database.

This sequence repeats seamlessly for every customization, creating a fluid, interactive loop that drives the
entire platform's functionality.

4. IMPLEMENTATION AND TESTING

The successful development of the 3D Car Design Visualisation and Customization Platform was achieved
through a systematic process, beginning with the implementation of core modules and culminating in a
rigorous testing phase to validate the system's performance and fidelity.

4.1 System Implementation

The platform's implementation centered on constructing a responsive frontend paired with a powerful,
browser-based 3D rendering engine.

Frontend Development: The user-facing elements—the interface, control panels, and customization
options—were built using the established web stack of HTML, CSS, and JavaScript. This layer ensures
an intuitive and accessible user experience, translating simple button clicks and slider movements into
complex visual changes.

Core 3D Rendering Engine: The visual fidelity and real-time responsiveness are powered by WebGL,
orchestrated through the popular Three.js framework. This critical integration allowed the system to
leverage the client's Graphics Processing Unit (GPU) directly, enabling the smooth, hardware accelerated
rendering of the complex 3D car model. Crucially, the customization features were directly integrated
with the rendering engine's material update pipelines. This architecture ensures that a user’s choice of
a new paint color or wheel type is reflected on the 3D model instantly, eliminating the frustrating lag
common in legacy configurators.

4.2 Comprehensive Testing and Validation

A two-phase testing strategy was employed to ensure the system met all performance and functionality
objectives.

Unit Testing: Verifying Module Integrity

Unit tests focused on isolating and validating the smallest functional components of the system. Success
in this phase confirmed the reliability of the foundational 3D logic.

3D Model Loader Test: This test confirmed that the optimized car geometry and associated texture maps
could be fetched from the server and initialized into the Three.js scene without any doubt of errors. The
model successfully passed the test, guaranteeing that the primary asset is always present and ready for
interaction.
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Rotation Planning and Camera Control Test: This focused on the script controlling the virtual camera.
The result demonstrated that the model rotated seamlessly around the designated center axis, and the zoom
function maintained proportional scaling, ensuring a fluid 360-degree inspection experience.

Color Customization Module Test: This highly critical test validated the Real-Time Material Update
Algorithm. The system proved that changes to the car body's material properties (color, metallicness,
roughness) were updated instantly upon selection, eliminating visual latency and confirming the system’s
core value proposition of immediate feedback.

Integration Testing: Validating End-to-End Workflow

Integration testing focused on ensuring that different components—from the user interface to the rendering
engine—worked together as a single, flawless system.

Customization Workflow Validation: This test confirmed that the user inputs from the customization
panel (e.g., selecting a new wheel type) were correctly passed through the JavaScript event handlers to the
Three.js engine, which in turn updated the 3D model. The inputs were validated to update the 3D model
instantly, and all corresponding car parts (like wheels or accessory meshes) loaded precisely as expected.
Cross-Browser Functionality: Tests were performed on major web browsers (Chrome, Firefox, Edge)
to confirm that the WebGL rendering and JavaScript functionality were consistent across different
environments. This confirmed the platform’s high accessibility, proving it is not dependent on a single
browser.

The overall testing results demonstrated the platform's robustness, confirming that it is a reliable, high-
performance, and truly real-time visualizatios tool ready for deployment.

5. RESULTS
Dashboard Overview
3 E 3 @ $188,00000 [ 2" 10
Recent Saved Designs Quick Actions
MW 4
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Bowse Cars Reguest Car Gat Spport
How It Works

Figure 5.1: Car Customization Interface

Figure 5.1 shows the core 3D car customization interface for a specific model, the BMW i8.

Primary Function: This is where the user actively designs and visualizes their custom vehicle.

Key Elements:

3D Viewer: A large central area displaying a photorealistic 3D model of the BMW i8. The dark backgro-
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und is ideal for making the car and its customizations stand out.

Customization Options: A menu on the right, under "Customize Your Car," allows the user to select
which part they want to modify:

Body (currently active),Wheels,Glass,Lights,Background.

Color Picker: The "Body Colors" section shows a palette of nine colors (Black, White/Grey, Red, Blue,
Purple, Yellow, Green, Orange) for instant application to the car's body.

Configuration Management: "Save Configuration" and "Screenshot" buttons in the top right allow the
user to save their design progress and capture the final look. "Current Configuration" status at the
bottom right helps the user track their selections.

Interaction Tools: Zoom/pan controls (plus, minus, and a reset button) are available below the car model
for better inspection of details.

User Experience: This screen is focused on visual feedback and ease of use, allowing users to
immediately see how their color and component choices affect the final product.

BMW i8 - Servanahol

£ Customize Your Car

Current Configuration:

Body.

Figure 5.2: Dashboard Overview
Figure 5.2 represents the main user dashboard of your AutoCustom 3D platform.
Primary Function: This acts as the user's central hub, providing an overview of their account status, past
activities, and quick access to key features.
Key Elements:
Sidebar Navigation: A clear menu on the left for navigating the site:
Dashboard (Home screen)
Browse Cars (To start a new design)
My Unlocked Cars (A premium feature, showing 3 unlocked cars)
Saved Designs (Showing 1 saved design)
Payment History / My Requests / Support Account Metrics (Top Cards):
3 Unlocked Cars: Shows access level/premium features.
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3 Saved Designs: Tracks the number of personal custom configurations. $188,000.00 Total Spent: Likely
tracks the cumulative cost of the user's customized car builds (assuming the tool calculates the price).

10 Available Cars: Total number of car models in the database. Recent Saved Designs: A chronological
list (e.g., BMW 18, Audi A4) that serves as quick access to resume or review past customization projects.
Quick Actions: Large buttons for the most common tasks: Browse Cars, Request Car (likely a feature
to ask for a model not currently available), and Get Support.

"How It Works" Section: A brief explanation of the site's value proposition, encouraging user
engagement.

User Experience: This screen provides a summary and organizational structure, making it easy for
returning users to pick up where they left off and understand their usage metrics.

The deployment of the 3D Car Design Visualisation and Customization Platform successfully
validated the core hypotheses regarding the efficacy of a WebGL-based, real-time configurator. The
platform was able to provide an experience that was smooth, highly responsive, and richly interactive,
achieving a significant upgrade over conventional visualization methods.

5.3 Performance Assessment

The system's performance was evaluated against three key metrics—Accuracy, Speed, and Efficiency—
with the following findings.

Advantage and Economic Impact

positive results confirm the platform’s superiority over existing market solutions, driving both user
satisfaction and meas urable economic advantages.

Overcoming the Pre-Rendered Barrier: Unlike older configurators that merely load pre- rendered
images corresponding to specific option combinations, this platform performs true real-time rendering.
This distinction allows for unrestricted 360-degree viewing and instant material application, eliminating
the visual limitations and static nature of its predecessors. This freedom of interaction deepens the user's
connection to their design.

Psychological Impact on Purchase Intent: The instant gratification provided by the smooth, real- time
feedback has a direct psychological impact. By allowing users to virtually own and manipulate their
customized design immediately, the platform moves the user closer to a purchase decision, effectively
reducing uncertainty and overcoming the "touch-and-feel" barrier of online car shopping.

Scalable Digital Showroom: For the automotive industry, the platform is validated as a scalable, cost
effective digital showroom. By accurately and efficiently showcasing an infinite number of
configuration combinations digitally, the platform provides a proven alternative to maintaining large,
expensive physical showroom inventories. This ability to instantly swap colors, wheels, and accessories
saves substantial overhead costs associated with inventory, logistics, and floor space management.
Data-Driven Sales Insight: Furthermore, the platform serves as a powerful data collection instrument.
By logging every customization path taken by users, it provides manufacturers with valuable, real-time
market intelligence regarding popular trends, most desired feature combinations, and potential future
product demands, allowing for proactive design and inventory planning.

4. CONCLUSION AND FUTURE ENHANCEMENT

The 3D Car Design Visualisation and Customization Platform has successfully used modern 3D web
technologies to significantly upgrade the vehicle exploration and personalization process. The platform
achieves its primary goal of providing a convenient, accessible, and highly cost- effective digital
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experience for users to make informed decisions regarding car purchases. By offering real-time, high-
fidelity visualization and customization, the system enhances customer satisfaction and trust. Crucially,
it provides a proven framework for the automotive industry to reduce its reliance on costly physical display
models and large showrooms, thereby optimizing its digital marketing and operational efficiency.
FUTURE ENHANCEMENTS

While the current system provides a robust and functional solution, future development is targeted towards
integrating advanced immersive and commercial features to maximize its utility.

Advanced Customizations:

Integrating deeper customization options, specifically for interior styling (e.g., seat material, dashboard
color), dynamic lighting adjustments, and a wider variety of specialized accessories (spoilers, decals).
Immersive Technologies: Incorporating Augmented Reality (AR) and Virtual Reality (VR)
capabilities. This would allow users to place the customized 3D car model into their real-world
environment (AR) or explore it within a fully virtual showroom (VR), further closing the gap between
digital visualization and physical reality.

Commerce Integration: Developing seamless integration with real-time pricing modules that update
based on chosen features, and linking the platform directly to dealer databases to facilitate lead generation
and direct online purchasing capabilities.
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