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ABSTRACT 
 

The static nature of online product images can limit a customer's ability to envision the product in its entirety. 

This research paper proposes a novel approach: AI-powered design customization for e-commerce websites. 

This system leverages artificial intelligence to offer two key functionalities. Firstly, it allows users to interact 

with high-quality product images, providing a more comprehensive view compared to flat photos. Secondly, the 

system utilizes AI to generate design variations based on user preferences or pre-defined settings. Imagine 

selecting a color palette for a piece of clothingall within the website's interface. This research explores the 

technical aspects of building such a system, the potential benefits for businesses (increased customer engagement 

and potentially fewer returns due to personalization), and consumers (enhanced decision-making through a 

more interactive shopping experience). The paper also discusses future research directions for refining and 

expanding this evolving technology. By enabling this level of customization, AI-powered design personalization 

empowers customers to tailor products to their individual tastes. This interactive design process fosters a deeper 

connection with the product, fostering a more satisfying shopping experience.  Furthermore, the system can 

learn from user preferences over time, suggesting design options that align with their tastes. This creates a more 

personalized shopping journey, potentially leading to increased customer satisfaction and loyalty. 
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INTRODUCTION 

 

In the digital age, the fusion of artificial intelligence (AI) and 3D technology has given rise to a new era of online 

shopping experiences. AI-powered 3D product websites have emerged as innovative platforms that revolutionize how 

consumers interact with products virtually. These websites utilize advanced AI algorithms to create immersive 3D 

representations of products, allowing users to explore and visualize items in a realistic and interactive manner. 

 

The integration of AI in 3D product websites goes beyond mere visualization, offering users the ability to customize 

and design products according to their preferences. Through sophisticated AI-driven tools, customers can personalize 

various aspects of products, such as colors, textures, and features, to create unique and tailored designs. This level of 

customization not only enhances user engagement but also provides a personalized shopping experience that resonates 

with modern consumers. 

 

By leveraging AI algorithms to generate designs based on user inputs and preferences, these websites streamline the 

design creation process, enabling users to bring their creative visions to life effortlessly. This seamless integration of AI 

technology enhances user satisfaction and accelerates the product development cycle, fostering innovation and agility 

in the e-commerce landscape. 

 

In essence, AI-powered 3D product websites represent a significant advancement in online retail and product design, 

offering a blend of visual immersion, customization options, and streamlined design processes. As AI technology 

continues to evolve, the potential for further enhancements in product visualization and customization is vast, 

promising a future where virtual shopping experiences are increasingly personalized and engaging. 

 

A. Need of AI-Powered 3D Product Website 

The need for AI-powered 3D product websites stems from the desire to enhance the online shopping experience and 

revolutionize product design processes. These innovative platforms offer users a dynamic and immersive way to 

interact with products virtually, providing realistic 3D views and customizable design options. By leveraging AI 

algorithms, these websites empower consumers to personalize products according to their preferences, creating a more 

engaging and personalized shopping journey. Ultimately, the emergence of AI-powered 3D product websites addresses 

the growing need for enhanced user engagement, personalized experiences, and efficient design processes in the digital 

landscape. 
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B. Challenges 

Despite the exciting potential of AI-powered 3D product websites, several hurdles need to be addressed. These 

challenges include acquiring high-quality 3D models for a vast product range, and ensuring smooth website 

performance without overwhelming user devices. Additionally, maintaining design realism within the AI's capabilities 

and guaranteeing accessibility across various devices and internet speeds requires ongoing development efforts. 

 

LITERATURE REVIEW 

 

Pavel Hristov, Emiliyan Petkov.[1]presents solutions for objectives and presentation related to 3D technology 

exploration and three-dimensional web visualization, implementation of approaches for 3D reconstruction of museum 

exhibits, creation of models for three-dimensional imaging systems and geometric models of museum exhibits on web 

environment. 

 

Carl Kirpres, Guiping Hu, Dave Sly.[2] has studied the evolution of 3D product model research, categorizing its 

development over time and exploring future applications and research focuses within this domain. 

 

Alun Evans, Marco Romeo, Arash Bahrehmand, Javi Agenjo, Josep Blat.[3] examines various methods for real-time 

3D graphics rendering in web browsers, outlines remote rendering approaches, explores data compression techniques, 

and surveys application domains for 3D graphics technology. 

 

Franka Moritz.[4]compares the usability of 3D and 2D product presentations, incorporating user-related factors and 

draws generalizable conclusions for e-commerce applications, detailing research methods and recommendations for 

practical implementation. 

 

Jens Geelhaar, Gabriel Rausch.[5].leverages HTML5 and WebGL to achieve near-photorealistic rendering with optimal 

performance and focuses on a specific product range and selected experimental subjects representing the target 

demographic group for enhanced relevance and accuracy. 

 

Supun Hewawalpita, Indika Perera.[6] studied the effects of 3D product presentations on consumer experience, value 

perception, purchase decisions and other factors in e-commerce environments under different platforms. Xiaonan Shi, 

Jian Fu, Chaolin Jin.[7] presents a solution to the interactive browsing of the model in the server-side parsing model, 

and when the system is applied, the user only needs to input the system URL and upload the 3D model file to operate 

the browsing. 

 

PROPOSED SYSTEM 

 

In designing our AI-powered 3D Product Website, we've combined innovative technology with user-centric features to 

create a seamless and captivating online shopping experience. This system design aims to leverage artificial 

intelligence (AI) and immersive 3D visualization to revolutionize how consumers interact with products online.Our 

approach focuses on simplicity and functionality, ensuring that users can easily navigate through the website while 

enjoying a rich and interactive browsing experience. By harnessing the power of AI algorithms, we've enabled 

advanced features such as personalized product and real-time customization options. 

 

Objectives 

I. Enhance User Engagement and Interaction: Develop a digital platform using modern web technologies to create 

an immersive experience for users. By integrating 3D T-shirt models and leveraging frontend libraries like React, React 

Three Fiber, and Three.js, the objective is to captivate users and encourage active participation in the design process. 

 

II. Achieve Real-time Design Generation and Visualization: Implement a query processing system that enables 

users to request custom T-shirt designs in real-time. By utilizing Node.js, Express.js, and the DALL-E API, the 

objective is to promptly generate designs based on user input. The system should efficiently apply these designs to the 

3D T-shirt model using Three.js, providing users with instant visual feedback on their design choices. 

 

A. Technologies used for the website 

1. React.js 

A widely-used JavaScript library for building user interfaces, React.js provides a flexible and efficient development 

environment for creating dynamic web applications. Its component-based architecture allows for modular and reusable 

UI elements, enabling developers to design complex interfaces with ease. 

 

2. Three.js 

A powerful JavaScript library for creating and displaying 3D graphics in web browsers, Three.js enables the rendering 

of complex 3D scenes, animations, and visual effects directly within the browser environment. It provides a high-level 

API for working with WebGL, making it accessible to developers without extensive graphics programming experience. 
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3. React Three Fiber 

A React renderer for Three.js, React Three Fiber simplifies the integration of Three.js into React applications by 

providing a declarative and component-based approach to 3D scene creation. It allows developers to define 3D scenes 

using familiar JSX syntax, making it easier to build interactive 3D interfaces within React applications. 

 

4. React Three Drei 

A collection of useful components and utilities for React Three Fiber, React Three Drei provides a range of pre-built 

components for common 3D tasks such as camera controls, lighting, shaders, and post-processing effects. It streamlines 

the development process by offering a library of ready-to-use 3D components and utilities. 

 

5. Vite 

A modern build tool for frontend development, Vite offers fast and efficient development and production workflows for 

building web applications. It leverages modern JavaScript features such as ES modules and provides instant server start 

and hot module replacement (HMR) capabilities, resulting in a significantly improved development experience. 

 

6. Tailwind CSS 

A utility-first CSS framework, Tailwind CSS enables rapid UI development by providing a set of pre-built utility 

classes that can be used to style HTML elements. It promotes a functional approach to styling, allowing developers to 

create custom designs quickly and efficiently without writing custom CSS. 

 

7.Node.js 

A JavaScript runtime environment built on the Chrome V8 JavaScript engine, Node.js allows for server-side JavaScript 

execution and enables the development of scalable and high-performance web applications. It provides a vast 

ecosystem of libraries and frameworks for building backend services and APIs, making it an ideal choice for building 

the backend of the 3D website. 

 

8. Express.js 

Express. js is the most popular backend framework for Node, and it is an extensive part of the JavaScript ecosystem. It 

is designed to build single-page, multi-page, and hybrid web applications, it has also become the standard for 

developing backend applications with Node. 

 

9. Framer Motion 

A React library for creating fluid animations and interactive UI components, Framer Motion allows developers to add 

motion and interactivity to React applications with ease. It provides a simple and intuitive API for defining animations, 

transitions, and gestures, enabling the creation of engaging and dynamic user interfaces. 

 

B. System Architecture 

 
Figure.1 Structure of the website 

 

Fig[1] shows that  system utilizes a combination of front-end and back-end technologies to create a website where users 

can design custom t-shirts with AI assistance. Here's a detailed breakdown: 

 

1. Frontend Components: 

1) React: The frontend framework responsible for building the user interface (UI) and handling user interactions. React 

efficiently manages the application state and updates the UI components as necessary. 

 

2) React Three Fiber: A React renderer for Three.js, which allows for the creation of interactive and immersive 3D 

graphics within React components. It simplifies the integration of Three.js into React applications by providing a 

declarative API. 

 

3) Three.js: A JavaScript library that provides a high-level abstraction for WebGL, enabling the creation and rendering 

of 3D content in the browser. Three.js is used to display the 3D model of the T-shirt and apply the generated designs. 
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2. Backend Components: 

1) Node.js: A server-side JavaScript runtime environment that allows developers to build scalable and efficient 

network applications. Node.js powers the backend of the website and facilitates communication between the frontend 

and external APIs. 

 

2) Express.js: A minimalist web application framework for Node.js, Express.js simplifies the development of APIs and 

web servers. It handles incoming HTTP requests from the frontend and routes them to the appropriate handlers. 

 

3) DALL-E API: An API provided by OpenAI that utilizes deep learning models to generate images based on textual 

descriptions. The DALL-E API is responsible for generating designs for the 3D model of the T-shirt based on user 

input. 

 

3. Data Flow: 

1) User Input (Front-End to Back-End): User enters their design prompt (text description) through the front-end 

design input component. The front-end (React) makes an API request (e.g., a POST request) to the back-end server. 

The request data includes the user's design prompt. 

 

2) API Request Processing (Back-End): The back-end server (Express.js) receives the API request containing the 

design prompt. The server extracts the design prompt from the request data. 

 

3) DALL-E Integration (Back-End): The back-end server makes a separate API call to the DALL-E API. The 

request data to DALL-E includes the user's design prompt received from the front-end. 

 

4) Design Generation (DALL-E to Back-End): DALL-E processes the design prompt and generates an image 

representing the user's desired t-shirt design. DALL-E sends the generated image data back to the back-end server. 

 

5) Data Processing (Back-End): The back-end server receives the generated image data from DALL-E. This data 

might require further processing (e.g., conversion to a format usable by the front-end for applying textures). 

 

6) Response to Front-End (Back-End to Front-End): The back-end server prepares a response containing the 

processed design data (e.g., image texture information). The server sends the response back to the front-end client 

(React) that initiated the original API request. 

 

7) Design Visualization (Front-End): The front-end receives the design data from the back-end server response. The 

3D design visualization component (using React Three Fiber) utilizes the design data to update the 3D t-shirt model in 

real-time, This might involve applying textures or materials based on the received image data to the 3D model, 

effectively visualizing the user's design. 

 

8) User Interaction (Front-End): Users can interact with the 3D model to view the design from different angles or 

make further adjustments (if supported by the front-end). 

 

C. Features 

1. Color Customization: Apply any color to the 3D shirt/swag for personalized styling. 

2. Logo Upload Functionality: Enable users to upload any file as a logo, integrating it seamlessly onto the 3D shirt. 

3. Texture Image Upload: Allow users to upload texture images to style the 3D shirt. 

4. AI-Generated Logo Integration: Utilize AI to generate logos and intelligently apply them to the 3D shirt. 

5. AI-Generated Textures: Implement AI-generated textures for enhanced 3D shirt customization. 

6. Download Options: Users can download their customized design using download option. 

7. Responsive 3D Application: Ensure the application is responsive, delivering a seamless experience across various 

devices. 

8. Framer Motion Animation: Implement framer motion animations for smooth transitions between different 3D 

models. 

 

Algorithm 

1. Initialize the frontend components 

1.1. Set up React components for the user interface. 

1.2. Integrate React Three Fiber and Three.js for 3D model rendering. 

1.3. Display the 3D model of the T-shirt on the frontend. 

 

2. Initialize the backend components 

   2.1. Set up Node.js and Express.js for the backend server. 

2.2. Configure routes to handle incoming requests from the frontend. 
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3. Handle user requests 

3.1. When a user interacts with the frontend interface and captures user input, such as textual descriptions, design 

options, uploaded logos, and color selections. 

3.2. Send a request to the backend API with the user input. 

 

4. Process user requests on the backend 

4.1. Receive the request from the frontend containing user input. 

4.2. Communicate with the DALL-E API to generate a design based on the textual descriptions provided by the user.  

4.3. Apply any user-uploaded logos or color selections to     the design. 

 

5. Apply design to the 3D T-shirt model 

5.1. Receive the generated design from the backend. 

5.2. Use Three.js to apply the design, uploaded logos, and color selections to the 3D model of the T-shirt. 

5.3. Render the updated 3D model with the applied design on the frontend. 

 

6. Display results to the user 

6.1. Present the updated 3D T-shirt model with the generated design, uploaded logos, and selected colors to the user 

on the frontend interface. 

6.2. Provide options for the user to further customize or finalize the design, including additional modifications to the 

design, logos, or colors. 

7. Repeat steps 3-6 as necessary for additional user interactions. 

8. Generated design can be downloaded by the user using the download option. 

 

 
 

Figure2: Flow of the website. 
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Fig[2] illustrates the user journey within the T-shirt designing website, beginning with entry into the homepage and 

progressing to the customization section. Users provide design preferences, which are processed by the backend and 

communicated to the DALL-E API for design generation. The generated design is then applied to the 3D T-shirt model, 

and users are presented with the final design for review and potential further customization before completion. After 

customization users can download the generated design using the download option. 

 

 

IV. RESULTS  

 
 

Figure 3: Home Page 

 

Fig[3] depicts the homepage of the T-shirt designing website, featuring a prominent display of the 3D T-shirt model. 

Users are greeted with an interactive representation of the T-shirt, allowing them to view it from different angles. 

 

 
 

Figure 4.1: Customization Page using colour palette 

 

 
 

Figure 4.2: Customization Page for User’s designs and logo 

 

Fig[4.1] and Fig[4.2] illustrates the customization page of the website. Fig[4.1] showcasing a color palette interface 

where users can select from a range of colors to customize  the T-shirt design, providing them with a straightforward 

and visually engaging method to personalize their creations. Fig[4.2] showcases the customization page tailored for 

users to upload their own designs and logos. This feature empowers users to infuse their unique creativity into their T-

shirt designs, fostering a sense of ownership and personalization in the customization process. 
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Figure 5: Image generation using DALLE-API 

 

Fig[5] depicts the page dedicated to image generation using the DALL-E API. Users input textual descriptions or 

design preferences, triggering the backend to communicate with the DALL-E API. The API processes the inputs and 

generates visual designs, which are applied to the 3D T-shirt model for user review and customization. 

 

CONCLUSION 

 

In conclusion, AI-powered 3D product websites hold immense potential to revolutionize the online shopping landscape. 

By offering interactive 3D product exploration and AI-driven design customization, these websites can bridge the gap 

between the virtual and physical shopping experience. This can lead to a more informed and satisfying shopping 

journey for consumers, with increased engagement and potentially fewer returns for businesses. 

 

As this technology matures, we can expect further advancements. Integration with virtual reality (VR) could allow 

users to virtually "try on". Additionally, AI could become even more adept at understanding user preferences, 

suggesting personalized design options and recommending similar products that align with their tastes. Moreover, the 

scalability of AI-powered 3D Product Websites opens up opportunities for businesses of all sizes to leverage these 

technologies to reach a global audience and drive sales. As the demand for online shopping continues to grow, 

investing in such platforms becomes increasingly crucial for staying competitive in the market. With ongoing research 

and development, we anticipate that AI-powered 3D Product Websites will become the norm rather than the exception, 

fundamentally transforming the way we shop and interact with products in the digital age. 
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