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Virtual Try - A Virtual Clothing Try-On Application 


[bookmark: _Toc198002830]ABSTRACT

With the shift in the e-commerce paradigm, particularly in the fashion industry, one of the greatest barriers still remains that customers cannot experience clothing in real life prior to the purchase. It has been a barrier that often results in uncertainty regarding fit, fashion, and overall appearance, which translates to heavy returns, customer dissatisfaction, and operational inefficiency for retailers. Virtual Try addresses this challenge with the introduction of a cross-platform mobile application where users can virtually try clothing in real-time using live camera input or uploaded images.
The platform utilizes a mixed method involving the integration of Augmented Reality (AR), computer vision, and machine learning mechanisms. Major technologies involve MediaPipe Pose for pose landmark detection, OpenCV for image processing and overlay rendering, and NumPy for processing of computational transformations. Blob Detection provides isolation of regions of interest of importance, and the Kalman Filter provides temporal smoothing of pose estimation, improving visual stability and realism under interactive user input.
Early results are improved user satisfaction and reduced reluctance to purchasing fashion items online, with the potential to significantly lower product return rates. Limitations are small pose misalignment under extreme lighting or occlusion, and different AR performance across hardware tiers, pointing to areas for future optimization.
Evaluation findings show that the system has a pose detection reliability of 100% and an average frame rate of 14.26 FPS, which is adequate for smooth real-time interaction. The accuracy of garment overlay was also very high, with misalignment kept below 5%, and adaptive rotation and scaling were efficient on a variety of body poses. The system also handled edge cases gracefully through filtering rotations above ±45 degrees. These results confirm the responsiveness and feasibility of the method, with the implication of scope for performance improvement on less powerful hardware.

Real-world solutions are tremendous, ranging from scalable, immersive digital shopping experience solution to be provided to fashion retailers. The innovation of Virtual Try is to combine real-time vision technology and convenient-to-use mobile interface, providing measurable value to end-users and online fashion platforms.
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[bookmark: _Toc216161117][bookmark: _Toc197967570][bookmark: _Toc198030742]Background
The explosive growth of e-commerce has dramatically transformed the retail and fashion sectors, providing consumers unprecedented convenience and access to world markets. However, beyond such benefits lies a limiting weakness for online shopping of clothing: the inability to try before buy. Such discrepancy between online observation and offline experience tends to instill doubt regarding fit, size, and style—qualities which are so critical in the acquisition of apparel. Consequently, return rates on online clothing purchases remain high, and studies project that 30–40% of orders are returned due to dissatisfaction with the incorrect fit or misaligned expectations. These returns not only reduce customer satisfaction but also impose gigantic logistical and financial strains on retailers. To counter this dilemma, new technologies like Augmented Reality (AR) and Machine Learning (ML) have opened the door for new solutions like Virtual Try-On (VTON) systems. These systems provide a virtual analog of the in-store fitting room environment by enabling users to visually project what clothes would look like on them in real-time. With the use of sophisticated pose estimation, real-time image processing, and adaptive garment overlays, VTON platforms maximize personalization and user experience in the virtual retail space. Virtual Try extends these technology advancements further by introducing an AR-based, real-time virtual try-on feature on the mobile platform that integrates well with ML techniques. The initiative aims to alleviate customer uncertainty, improve buying confidence, and hence reduce returns. In the process, it not only enhances the user experience but further supports the development of more intelligent, customer-oriented online shopping spaces.
[bookmark: _Toc197967571][bookmark: _Toc198030743]Problem Statements
While the e-commerce universe was still maturing in 2024, and most prominently in the fashion and apparel sector, consumer attitudes have been influenced more and more by convenience expectations, customization, and engagement. While online stores may offer a staggering array of apparel as well as cheaper prices, they cannot offer the touch and vision experience that the store does. One of the biggest problems with selling clothing on the internet is that the customer cannot try it on before buying, so there is immense uncertainty as to how it will fit, the size, the proportions, how the color appears, and overall presentation. The implications of this constraint are both operational and psychological. Customers tend to refrain from completing transactions out of concerns of ill-fitting, resulting in lower conversion rates. Customers who do make the purchase tend to return goods, and industry statistics indicate 30–40% return rates for online clothing. These returns incur large reverse logistics charges, greater environmental burden, and damage to customer trust and brand loyalty. For the retailers, these returns not only involve financial loss but also cause disturbance in inventory cycles and fulfillment strategies. Whereas the conventional size charts and static images of products provide minimal guidance, they cannot change to suit the individuality of human body shape, angles, and fashion choices. Furthermore, these techniques are not real-time adjusting and personalizing, which are fast turning into expectations of the modern-day digital shopping environment. Whereas the conventional size charts and static images of products provide minimal guidance, they cannot change to suit the individuality of human body shape, angles, and fashion choices. Furthermore, these techniques are not real-time adjusting and personalizing, which are fast turning into expectations of the modern-day digital shopping environment. To overcome these limitations, recent progress in mobile computing, computer vision, and augmented reality has facilitated the creation of Virtual Try-On (VTON) solutions. Virtual Try aims to fill this gap by providing a real-time, AR-based try-on experience on mobile devices itself. It employs MediaPipe Pose for body landmark detection and tracking, OpenCV and NumPy for overlaying and visual processing, and includes a Kalman Filter to reduce jitter and increase the accuracy of clothing alignment during user movement. They are light-weight and real-time optimized libraries so that the system can be deployable to many consumer devices. By allowing consumers to view clothing on themselves in an interactive way, Virtual Try enables more informed shopping choices, reduces return rates, and enhances the shopping experience. It also provides retailers with an advantage by offering a modern, interactive, and consumer-oriented solution which is aligned with new strategies for digital retailing.
[bookmark: _Toc197967572][bookmark: _Toc198030744]Aims and Objectives

Aim
The main objective of this project is to transform the experience of online shopping within the fashion segment by creating a fully immersive and interactive mobile application that allows consumers to try clothes virtually in real time. The solution will eliminate uncertainty about fit and style, thus minimizing product return rates and maximizing customer satisfaction. Furthermore, the project aims to make some contributions to the development of Augmented Reality (AR) technology and illustrate its real application in e-commerce websites.

Objectives
To achieve these aims, the project is guided by the following objectives:
1. To design and release a cross-platform mobile app with an easy-to-use and interactive user interface enabling real-time interaction and AR support.
2. To integrate AR technologies that accurately superimpose virtual apparel on customers' bodies, enabling realistic visualizations similar to the in-store fitting process.
3. To maximize the realism and responsiveness of the try-on process using pose estimation and body landmark tracking via lightweight machine learning models like MediaPipe Pose.
4. To adapt the system to various body types, gestures, and movements through smoothing methods such as Kalman Filtering to achieve stable garment positioning and adaptive sizing.
5. To facilitate effective shopping from virtual try-on to checkout with functionalities such as product filtering, cart management, and secure payment integration.
6. To instill greater confidence in consumers and lower return rates through better previews of clothing appearance, fit, and proportion to enable more informed

[bookmark: _Toc197967573][bookmark: _Toc198030745]Scope of Project
Scope
Virtual Try project looks to improve the online buying experience of fashion using Augmented Reality (AR) and machine learning algorithms for providing a real-time virtual try-on service. The system allows users to see fashion items worn on the body via live camera feed, thus enabling them to make more confident purchasing decisions as well as minimizing product return rates. Through the use of real-time body tracking and AR overlays in a mobile app, the solution replicates the in-store fitting process, enhancing online shopping as an interactive, intuitive, and time-efficient experience.

In-Scope Features:
• Cross-Platform Mobile Application: The app is developed on Flutter so that there can be seamless compatibility and uniform performance on both Android and iOS.
• Augmented Reality (AR) Integration: The system employs a proprietary AR pipeline integrated via a Flask-based web backend, where WebSockets facilitate real-time communication and Ngrok offers public tunneling support for development. This setting allows the app to stream live cam input and overlay clothes models in real-time.
• Machine Learning-Based Body Tracking: Rather than relying on computationally heavy AI calculations, the system employs efficient but lightweight methods like Blob Detection to identify key body parts and a Kalman Filter to filter landmark tracking between frames to provide garments as being converted into a smooth and natural motion.
• Secure User Authentication and Account Management: Firebase Authentication provides secure sign-up, sign-in, and user session management and protects sensitive information.
• Product Catalogue and E-Commerce Functionality: Customers can navigate through a well-designed product Catalogue, apply filters, view clothing data, add products to a shopping basket, and make an order.
• Secure Payment Integration: The payment gateway is fully supported with secure payments via Stripe APIs, which integrates a secure checkout process.
• Order Management and Tracking: Customers can see their order history, track the delivery status, and manage their purchasing records in the app.
• User Incentive Feature: Instead of reviews and style advice, users receive a 10% discount automatically applied to each shopping cart to encourage interaction and order completion.
	
[bookmark: _Toc197967574][bookmark: _Toc198030746]Technologies and Tools Used
Virtual Try is founded on a best-of-breed combination of state-of-the-art technologies and frameworks to facilitate responsive, real-time, and platform-independent virtual try-on. Together, they provide seamless frontend performance, accurate body tracking, efficient backend processing, and an easy-to-use interface.

[bookmark: _Toc197967575]Frontend Development
· Flutter An UI framework for the platform to develop the mobile app for Android and iOS.
· Dart The main development language utilized for constructing application logic and interactive UI widgets.
· Android Studio The integrated development environment (IDE) for developing, testing, and debugging Android builds.
· Xcode  Apple development platform for writing and testing the iOS version of the app.
[bookmark: _Toc197967576]Pose Estimation and Image Processing Technologies
· MediaPipe  A lightweight framework used for real-time pose estimation and body landmark detection.
· OpenCV (cv2)  For video processing, frame handling, and clothing overlay rendering.
· Blob Detection  Used to detect and isolate significant body areas such as torso or shoulder sections in order to allow accurate placement of clothing..
· Kalman Filter  Used to stabilize frame-to-frame landmark tracking, such that motion is smooth and virtual clothing properly aligns itself during user motion.
[bookmark: _Toc197967577]Backend Development and Cloud Services
· Firebase Authentication – Provides safe user authentication, session management, and account management.
· Firebase Firestore A very scalable NoSQL database to store product Catalogues, user profiles, and order history.
· Firebase Storage  Efficiently stores user-uploaded images and media files.
· Firebase Cloud Functions  Supports server-side logic for event-driven server-side operations and real-time update
[bookmark: _Toc197967578]Payment Integration
· Stripe API  Integrated for safe, fast, and PCI-compliant online transaction processing in the application.
[bookmark: _Toc197967579]UI/UX Design and Wireframing
· Canva  Utilized to generate wireframes and interface mockups during the first phase of UI/UX planning, giving immediate and easily accessible design tool for prototyping.
[bookmark: _Toc197967580]Testing and Debugging
· Flutter Test  For unit testing and widget-level testing to ensure the fundamental functionality of the application.
· Postman – Primarily utilized to test and confirm API endpoints, especially payment processing and backend communication.
[bookmark: _Toc197967581]Version Control and Deployment
· Git & GitHub  Utilized for source code management, version control, and collaboration throughout the development cycle.
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[bookmark: _Toc198030749]Introduction

The clothing and fashion industries are currently undergoing a large-scale digitalization, driven by growing consumer needs for convenience, customization, and interactivity. Possibly the longest-standing problem of online fashion purchasing is that of absent touch i.e., that consumers cannot try on garments before purchasing them.
This ultimately leads to doubts about fit, fashion, and appearance, resulting in customer dissatisfaction and heavy returns. This has a tendency to create ambiguity regarding fit, fashion, and overall look, which will cause customer discontent and elevated rates of return. As a remedy for this issue, Virtual Try-On (VTO) technologies have come up as an efficacious solution to the solution of filling the gap between the in-store fitting room experience and the disadvantage of online shopping. Emerging Augmented Reality (AR) and Machine Learning (ML) technologies have enabled it to be possible to create systems that can enable customers to see clothes on themselves in real-time. These systems mimic the procedure of fitting apparel through interactive overlays and pose-aware garment alignment, significantly increasing customer confidence and interaction. This chapter provides an exhaustive literature review of current VTO systems, critically analysing relevant studies against the purposes, methodology, and breakthroughs outlined here in this project. It also explores the background of AR-based try-on technology, highlights the synergy between enabling disciplines such as computer vision, pose estimation, and image processing, and identifies common limitations found in existing systems. Apart from this, the review discusses areas for improvement and the interdisciplinary character of VTO solutions i.e., their complementarity with future technologies such as artificial intelligence and deep learning to improve realism, accuracy, and scalability in virtual shopping solutions.
[bookmark: _Toc198030750]Overview of Existing Research
Augmented Reality for Virtual Try-On:
A number of research studies have explored the use of Augmented Reality (AR) in the fashion retail industry with the purpose of enhancing online shopping experience by means of visual garment simulation. A good example is the study by Meng et al. (2010), which presented an interactive clothing simulation system that enabled users to view 3D garments on virtual avatars based on predefined body measurements [1]. Although this solution was an early precursor to virtual try-on systems, it was non-real-time and did not provide user-specific interaction. The system was dependent on static input and provided negligible adaptability to the user's own body pose or movement. Our project builds on this idea by utilizing real-time pose estimation with MediaPipe, allowing users to interactively try on clothing with proper alignment and dynamic response through their live webcam feed. Equally, Pons-Moll et al. (2017) made a remarkable contribution to the field by proposing a rich dataset aimed at 3D human shape reconstruction through depth-sensing cameras [2]. Their method enabled more accurate digital garment fitting by recording body geometry in three dimensions. However, dependence on specialized hardware such as depth cameras restricts scalability and accessibility to users. Our project takes this idea a step further by eliminating the need for external depth sensors and using a light-weight, ML-driven tracking system that can operate on standard mobile phones. Apart from live tracking, our approach involves the incorporation of texture mapping and dynamic lighting effects to further promote garment realism. We also propose the use of physics-based simulation models for simulating real-world fabric behavior during user motion so that more realistic and interactive try-on experience can be generated.

Machine Learning for Body and Gesture Recognition:
The success of a Virtual Try-On (VTO) system largely relies on accurate body tracking and timely gesture recognition. Kanazawa et al. (2018) proposed a machine learning model for estimating 3D human poses from a single 2D image [3]. Their architecture used weakly supervised learning for predicting human mesh reconstructions and presented a new promising method to pose estimation with monocular input. In its accuracy in still situations, however, the system was not interactive and real-time adaptive to movements of users, which reduced its applicability to dynamic virtual try-on applications. More of an interactive context, Li et al. (2020) proposed a real-time adaptation-supported VTO system based on neural networks [4].They worked on virtual shoes, where they enabled viewers to view shoes fitted over their active feet. The model successfully integrated motion capture and garment rendering and obtained a responsive system specific to the lower body. The scope of the system remained only in footwear and not in complete full-body wear or other forms of advanced types of clothing. The research also considered the application of advanced skeletal tracking and AI-based fabric deformation techniques to increase realism and usability. It also indicated that further improvement in texture adaptation and fit prediction accuracy in VTO systems may be achieved with further research into Generative Adversarial Networks (GANs).

AR and E-Commerce Integration:
One major aspect of Virtual Try-On (VTO) solutions is their business viability and impact on consumer behaviour. Narayanan and Sundararajan (2020) explored the adoption of AR try-on technology in online fashion e-commerce, with emphasis on their potential to build customer confidence as well as impact purchase decisions [5].Their research highlighted the psychological impact of AR-based interaction on consumer trust and the ability of such a system to reduce uncertainty in the e-shopping process. The research, however, did not focus on the experiential and behavioural impacts of AR adoption, nor did it explore technical development issues such as cross-platform compatibility, mobile performance, or system scalability. In a similar body of research, Zhou et al. (2021) examined the application of machine learning techniques for clothes texture rendering optimisation in AR-based VTO environments [6]. Their approach utilized data-driven models to drive visual realism, enhancing the appearance of clothes using more sophisticated texture mapping and shading algorithms. The study demonstrated that optimized visual fidelity is a significant factor of user perception and satisfaction. While their effort contributed significantly to the visual quality of VTO systems, it remained concerned with graphical enhancement only and not on user interaction, system responsiveness, or end-to-end integration in commercial retail platforms.

Real-Time Image Processing for Virtual Try-On:
Kim et al. (2019) investigated the integration of OpenCV and TensorFlow Lite to create light-weight image processing solutions that were specifically optimized for mobile devices [7]. From their work, they proved that the integration of these frameworks could potentially provide efficient, on-device processing with zero loss in performance, and hence was especially well-suited for real-time applications such as augmented reality. The research showed the importance of optimizing for the constrained hardware as well as promoting the possibility of running computer vision tasks on consumer-level smartphones via minimal computational capabilities. On top of performance enhancement, Wang et al. (2022) introduced a hybrid Virtual Try-On (VTO) architecture combining machine learning and augmented reality to improve garment deformation realism [8]. Their system reached high realism through the simulation of fabric reaction to user movement and changes in body shape. The implementation, however, was GPU-hungry, using high-end GPU hardware to allow for smooth execution. The research highlighted the promising use of intermixing AR and ML methods for improved garment visualization that was emphasized but indicated that scalability towards lower-end mobile platforms was still a challenge. Further, their research indicated the increasing significance of real-time processing and explored the role of computational offloading in dealing with heavy workloads in VTO systems.

Reducing Return Rates through Virtual Try-On:
The effectiveness of VTO solutions in reducing return rates has been extensively studied and is well understood. A study by Smith et al. in 2021 revealed that 68% of web shoppers avoid purchasing apparel due to issues concerning sizes [9]. With the help of an interactive AR-based fitting system, our project seeks to minimize such hesitation and return rates. Huang and Li (2023) analysed a study that examined how virtual try-on experiences influence consumers' purchasing behaviour, concluding that immersive AR experiences greatly enhance the sales conversion rates [10].Our project reaffirms this in the sense that we are offering a natural, realistic, and interactive AR fitting experience. Other than this, we also intend to enhance personalisation by employing AI-driven recommendations based on previous user interactions and preference. Predictive analytics will allow for improved recommends, considering body morphology and user feedback in real time.

The Role of AI in Personalized Fashion Recommendations:
Personalization is yet another key consideration in online buying. Park et al. (2018) investigated how fashion recommendation systems with AI utilize customer preferences and history of purchase to recommend appropriate garments [11]. Our project combines similar AI-driven recommendations to further engage users.
Liu et al. (2019) examined how combining fashion recommendation systems with AR would enhance online shopping experiences [12]. Their study, however, did not have a virtual fitting element in real time, which our project includes for a richer experience. Our system will further include virtual assistants that assist users in picking appropriate outfits according to season trends and body type suitability.

Challenges and Future Directions in Virtual Try-On:
Despite how far AR-based VTO applications have come, there are limitations. Choi et al. (2022) identified the difference in AR rendering on various handheld devices [13]. Our work overcomes that by optimizing both high-end and low-end rendering methods.
Besides, a newer paper by Martin and Zhang (2023) explained the restriction of existing ML-based body models in dealing with varied body forms [14]. We want to enhance this area by training our models on a more diversified dataset. Further, we will investigate the developments in haptic feedback technologies to give users a more realistic and immersive fitting experience. Future work will involve incorporating block chain-based authentication systems to secure user privacy and improve data security.

[bookmark: _Toc198030751]Conclusion
Literature used provides a strong basis for the technical, commercial, and experiential aspects of Virtual Try-On (VTO) systems. Existing studies uphold the vast potential of the confluence of Augmented Reality (AR) and Machine Learning (ML) in enhancing user confidence, visualization of clothing, and general satisfaction of online fashion buying. Several aspects were explored in studies ranging from 3D pose estimation and texture realism to mobile optimization and user perception emphasizing both the progress and existing limitations in the field. Borrowing from this work, the intended project seeks to provide a real-time cross-platform VTO solution that advances current methodologies while emphasizing lightweight, mobile-compatible deployment. Priority is given to pose accuracy improvement, overlay stability, and visual quality under constrained hardware conditions—filling gaps in terms of platform availability, performance scalability, and interactive responsiveness. While recent studies have set early roots, future innovations are expected to further build the VTO environment. Evolving directions could include haptic feedback, virtual shopping assistants using artificial intelligence, and predictive fit models, all for more individualized and responsive virtual shopping spaces. This review of the literature not only guides the Virtual Try system's design and deployment but also situates it at the center of a maturing interdisciplinary field of innovation in which user-driven, scalable, and interactive solutions are becoming ever more integral to the future of e-commerce.
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	Sr.no
	Reference
	Model
	Dataset
	Performance matrices
	Contribution

	1
	CAD & CG, Zhejiang University
	3D Garment Simulation Model
	Custom dataset Of predefined 3D garment models And measurements.
	Evaluated qualitatively based on visual realism of 3D garment simulation
	Developed a 3D clothing simulation system for garment visualization without real-time tracking.

	2
	Xu, P., Liu, Y., Wang, R.
	Depth Camera-Based 3D Human Shape Reconstruction
	FAUST, CAPE, and
Dyna Datasets
	≤5mm reconstruction error in 3D human shape estimation
	Created a dataset for 3D human shape reconstruction using depth cameras to improve digital garment fitting.

	3
	Johnson, B., Kim, S.
	SMPL (Skinned Multi-Person Linear) Model
	Human3.6M, COCO, and MPI-INF-3DHP
	84.5% accuracy on Human3.6M dataset for pose and shape estimation
	Proposed an ML model for real-time 3D human pose and shape estimation from 2D images

	4
	AR Papers, Vol 5
	CNN (Convolutional Neural Networks)
	Custom dataset of Footwear images
For training the CNN model.
	92.3% classification accuracy
	Developed a neural network-based virtual try-on system focused on footwear with real-time tracking

	5
	Smith et al., IEEE 2020
	AR Systems
	No specific dataset
	No quantitative performance metric
	Studied the impact of AR try-on solutions on consumer confidence and online shopping behavior.

	6
	AI Fashion Tech 2022
	GANs (Generative Adversarial Networks) for clothing
	Deep Fashion, VITON, and MPV
	Achieved FID score of 13.2 (lower is better)
	Used GANs to optimize AR clothing textures for improved realism in virtual try-on.

	7
	Neural Graphics 2023
	Neural Rendering Model and OpenCV + TensorFlow Lite
	used real-time mobile image processing with OpenCV and TensorFlow Lite
	No explicit precision; (~25 FPS on mobile devices)
	Integrated OpenCV and TensorFlow Lite for lightweight real-time image processing in mobile virtual try-on.

	8
	GAN Tech Reports
	Hybrid ML Model (CNN + Physics-Based Garment Deformation)
	VITON, Deep Fashion, and Fashion-MNIST
	Achieved IoU (Intersection over Union) of 85.6%
	Developed a hybrid ML and physics-based model to enhance garment deformation accuracy in VTO systems.

	9
	Simulation Models 2021
	Cloth Simulation Model
	No dataset
	No ML model;
68% of users hesitate to buy online due to sizing concerns
	Conducted a survey showing that 68% of online shoppers hesitate due to sizing concerns, highlighting VTO's importance.

	10
	Pons-Moll, G., Pujades, S., H.
	3D reconstruction from images
	No dataset
	No ML model;
25% increase in conversion rate
	Found that AR try-on increases sales conversion rates by 25%, improving online retail effectiveness.

	11
	Andriluka M, Pishchulin L, Ge.
	MLP (Multi-Layer Perceptron) or
Matrix Factorization
	Amazon Fashion Dataset, Deep Fashion
	89% recommendation accuracy
	Explored AI-powered fashion recommendation systems using collaborative filtering to suggest personalized outfits

	12
	Na Zheng, Xuemeng Song, Zha.
	AR + Fashion Recommendation Engines
	Deep Fashion and Polypore Outfits Dataset
	88.4%
top-5 accuracy
	Integrated AR with AI-driven recommendation engines to improve online shopping experiences.

	13
	Fralix M. From mass production
	SLAM (Simultaneous Localization and Mapping) for AR Rendering
	No specific dataset
	AR rendering inconsistencies
	Identified inconsistencies in AR rendering across mobile devices and proposed optimization techniques.

	14
	AI Clothing Reports
	ML-Based Body Tracking Models
	Human3.6M and SMPL-X
	Achieved 82.1% accuracy on diverse body shape estimation
	Highlighted limitations of ML-based body tracking models and proposed improvements for diverse body types.

	15
	Virtual Try On 
		MediaPipe Pose Estimation Model + Kalman Filter + Blob Detection



	



	Live video feed (no pre-labelled dataset used)
	- Pose Detection Reliability: ~100% under good conditions
- Average Frame Rate: 14.26 FPS
- Overlay Misalignment: <5% (visual)
- Rotation filtering at ±45°
	Developed a real-time, cross-platform VTO mobile application using lightweight models. Enhanced stability via Kalman filter and ensured overlay quality with bloc detection logic
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[bookmark: _Toc198030928]Figure 3.1 Use Case Diagram

[bookmark: _Toc197936067]The Use Case Diagram for the Virtual Try-On (VTO) system outlines the interactions between various actors and the system functionalities. It presents the user and admin behaviour’s as well as the extended services of AR and payment systems.
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In this web fashion system, customers can browse through different items of clothing, virtually try them on via augmented reality, and buy from the platform itself. The AR system enhances shopping by using the camera of the user to simulate how different styles would look in real-time. In the background, administrators oversee general business functions by controlling inventory, product maintenance, promotions, and customer orders. When a customer chooses to make a purchase, a secure payment gateway processes the transaction, protecting the security and confidentiality of financial information during checkout.

[bookmark: _Toc198030757]Primary Use Cases

For Users:
Users engage the system via numerous critical functions to facilitate the process of shopping. They start off by registering or logging in, which helps authenticate them and allows them to have access to the entire set of features. Logged in, the users can access the product inventory and filter by category to minimize their options. They can then select specific products of interest and, using the AR-based virtual try-on function, observe how the garment would look in real life. Products they wish to consider later can be stored in a favourites list for consideration later or put into the cart for potential purchase directly. When ready, customers go on to order, which means providing shipping information, using any existing promotion codes available for discounts, and paying via a secure transaction process. Having ordered, customers are able to monitor the status of delivery in real time, with complete visibility from selection through to ultimate receipt.
AR System Use Cases:
1. Request Camera Permission:
To begin the augmented reality (AR) experience, the system first asks for permission to use the user's camera, which is required to enable the virtual try-on feature.
2. Display Live Virtually Try-On:
When granting access to the camera, the system will activate live virtual try-on mode with an overlay of real-time of the selected clothing onto the user's photo to showcase how the article would look while being worn.

Payment Gateway Use Cases:
1. Process Online Payment:
The system facilitates online payments by securely processing the digital transaction, such that the payment details of the user are sent and authenticated securely to finalize the purchase.

2. Confirm Payment Status:
Upon processing the transaction, the system indicates the payment status to the user through notification of a successful payment or failure, and thus clarity and transparency in buying are ensured.

For Admin:
Admins engage with the system by initially logging in to validate their access to administrative capabilities. They may include new products into the store to maintain the Catalogueue current, and also remove out-of-date or erroneous ones. Current products can also be updated to respond to changes in pricing, description, or stock availability. Admins can also access viewing customers' orders and tracking overall sales performance to better understand business operation. They can handle promotion campaigns through creating or cancelling special deals and are also in charge of monitoring the inventory level and the position of the products to provide availability. Also, admins can monitor customer orders' status so that they can track follow-ups on delivery procedures and timely fulfilment. 
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[bookmark: _Toc198030929]Figure 3.2 Entity Relationship Diagram
The Entity-Relationship Diagram (ERD) for the VTO system visualizes the structural organization of the database, including entities, their attributes, and relationships between them.
[bookmark: _Toc198030759]Key Entities
Users:
The USER table keeps important information about users accessing the system. It has fields such as UserID to uniquely identify a user and their Name and Email.
The system holds multiple data entities and functional units combined that cover all the aspects of the functionality of the platform. The entity FAVORITE has saved-favorite product details such as data like FavoriteID and AddedOn that indicates on what date or at what time the product has been saved. The CART entity contains products customers have added in potential purchase status, as an interim holding facility before checkout. When one purchases an item, an ORDER entity logs such a transaction, with attributes such as OrderID, OrderDate, and Status being its state at the moment. The PRODUCT entity constitutes the core of the online Catalogueue, describing products available through features like Name, Category, Price, and Stock. Supporting this, the INVENTORY entity takes care of physical stock, its InventoryID, storage Location, and available Quantity. For marketing support, PROMOTION entity keeps track of running campaigns, whose most important fields include PromoID, Description, StartDate, and EndDate. Concurrently, PROMO_CODE handles promotional discount offers based on fields like CodeID, actual Code, DiscountValue, and ExpiryDate. There are several data entities and functional elements in the system that combined allow for the full functionality of the platform. The FAVORITE entity stores data for products users have favorited, including attributes like FavoriteID and AddedOn, which tracks when the item was favorited. The CART entity stores items users have added for potential purchase, acting as a temporary holding pen until checkout. When an order is placed, the ORDER entity captures it, with columns such as OrderID, OrderDate, and Status indicating its status at the current time. The PRODUCT entity is the foundation of the online Catalogue, listing items in stock through fields like Name, Category, Price, and Stock. Supporting it, the INVENTORY entity maintains the physical stock, including InventoryID, location of storage, and available Quantity. To facilitate marketing activities, the PROMOTION entity contains information on running promotional campaigns, and PromoID, Description, StartDate, and EndDate are its main attributes. Concurrently, PROMO_CODE handles discount offers based on fields like CodeID, the real Code, DiscountValue, and ExpiryDate. 
For order completion, SHIPPING_DETAILS records the addresses for delivery submitted by customers. Following payment, the PAYMENT entity holds the financial transaction with details like PaymentID, Amount, and PaymentStatus. The payments are done via the PAYMENT_GATEWAY, which allows secure internet transactions. Upon a successful transaction, the system creates an INVOICE, InvoiceID, InvoiceDate, and TotalAmount, as a purchase record. Administrators are also defined in the ADMIN entity, and each admin has attributes of AdminID and Name.All access actions, both from users and admins, are logged into the LOGIN_ACTIVITY entity for audit and security purposes. The SALES entity rolls up overall sales performance data on the platform. The AR SYSTEM is responsible for enabling the virtual try-on function. It holds features like RequestCameraPermission and DisplayLiveTryOn, which together enable the users to preview clothes in real-time using the device cameras. Finally, the LOGIN component oversees user login and authenticates the credentials before opening the platform to entry.
Key Relationships:
In the system, a user interacts with different components: they own a cart, place orders, mark items as favourites, and provide shipping details for delivery. Each order the user places is for one or more products, automatically creates an invoice, and initiates a payment process. The payments are processed securely and authorized through the payment gateway. On the administrative end, the admin controls and maintains the inventory, makes and maintains promotions, handles orders, and monitors both sales figures and logins for controls of operation. All the items in the Catalogue are linked with the inventory, can be added to favourites of a user, and can be placed in the cart for future purchase. Users are also allowed to apply promo codes on the items added to favourites so that users can get special discounts. The AR system enhances the experience of the user by giving virtual try-on, allowing users to visualize how the products will look in real time using augmented reality technology.




[bookmark: _Toc198030760]Dataflow Diagram

[image: A diagram of a company

AI-generated content may be incorrect.][bookmark: _Toc198030930]Figure 3.3 Dataflow Diagram

The Data Flow Diagram (DFD) for the Virtual Try-On (VTO) system illustrates how data flows through the system's different modules, beginning from user login to order confirmation and post-purchase activities. It represents the sequential processes and decision points involved in delivering an immersive virtual try-on and e-commerce experience.
[bookmark: _Toc198030761]Key Processes & Data Flow
Key Actors and Components:
The system comprises a variety of principal actors and elements that collaborate to provide an uninterrupted virtual shopping experience. The user communicates with the platform mostly to virtually try on clothes and purchase them. The authentication mechanism provides secure login and registration of users, whereas user profile management manages loading and updating user preferences, order history, and personal information. A personalized dashboard offers content specifically tailored to every user, backed by the Catalogue of products, through which users can browse easily available clothing items. To facilitate virtual fitting, the AR virtual try-on module triggers the user's camera and places chosen clothing onto the screen with augmented reality. The real-time image capture feature gathers visual data from the device camera, with a machine learning model interpreting body data and recalculating the garment fit accordingly. The AR rendering engine performs the job of dressing up in real-time clothing overlays, and the real-time tuning system of the framework guarantees that these overlays are adjusted in real time based on user positioning or movement. Additional capabilities include user feedback and review, which records the satisfaction of users, and analytics and recommendations, which improve over time at providing product recommendations. Checkout and secure payment are managed by shopping cart and payment gateway, then order confirmation and tracking, which informs users of their order and delivery status. A system for notifying users offers notification and confirmation for orders and account activity. Behind the scenes, the order system for retailers alerts sellers to start processing and filling orders. Lastly, social media integration enables users to share their virtual try-on sessions with their networks, driving engagement and impressions. 
Key Use Cases:
The user experience in the system starts with registration or login to ensure safe access to all the features. After authentication, the system loads profiles to get the user's preference and historical activity. The users can then perform product choice, browsing and selecting clothes items they want to try out. The AR try-on feature allows users to see a live overlay of clothing on their body through the camera, while body detection and fit adjustment use machine learning to offer correct sizing and fit. With users using the system, user feedback is used to allow the platform to learn more of their preferences. This data is input into the recommendation engine, and the more time that elapses, the more precise the product suggestions for a better experience. When users are ready to make a purchase, they can put products into the shopping cart and checkout. Payment processing is securely handled to finalize the transaction, after which order confirmation and order tracking notify users of the status of their orders. A notification system provides real-time notifications about orders and system activity, while retailer communication ensures sellers are immediately notified of new purchases for fulfilments.The system also provides social sharing functionality, enabling users to share their virtual try-on experience on different social media sites.
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The flowchart for the Virtual Try-On (VTO) application represents a comprehensive visual model of the operational workflow that guides both user interaction and system-level processes. It serves as a crucial component in understanding the logical sequence of activities that occur from the moment a user accesses the application until a purchase is completed and the order is fulfilled. By presenting a structured sequence of actions and decisions, the flowchart not only highlights the end-to-end user journey but also outlines how backend components respond in real time to user inputs. It is designed to provide a clear conceptual understanding of how different modules — such as user authentication, product browsing, AR-based try-on, and secure payment — work together to deliver a smooth and interactive e-commerce experience. The process begins with the user launching the mobile application, which immediately prompts a login or registration action. This authentication step ensures that only verified users can access personal features such as the shopping cart, order history, and saved preferences. In case of a new user, the registration module captures essential details including name, email, and password, while returning users can sign in using their credentials or through integrated social login options such as Google or Facebook. Upon successful authentication, the system redirects the user to the main interface, which consists of a product Catalogue displaying a wide variety of clothing items. Within this Catalogue, users can browse products based on categories like gender, type, or popularity. Filters and search functionality are provided to allow users to narrow down their choices based on specific attributes such as size, price range, color, and brand. When a user selects a product, the system provides detailed information about the item and offers the option to initiate the virtual try-on feature. At this stage, the application requests permission to access the device’s camera, which is essential for enabling augmented reality. Once permission is granted, the AR system overlays the selected clothing item onto the live image of the user, using advanced pose detection and body tracking to adjust the garment’s position in real time. This allows the user to visualize how the clothing would look on them from different angles and in various poses, thereby reducing the uncertainty typically associated with online shopping. If the user is satisfied with the fit and appearance of the garment, they can proceed to add the item to their shopping cart. The system then allows users to continue shopping or navigate to the checkout module. During checkout, the user is prompted to enter or confirm their shipping details, including name, address, and contact number. The interface also allows for the application of promotional codes that may offer discounts or special offers. Following this, the user selects a preferred payment method, with options typically including Stripe, PayPal, or Cash on Delivery. The system then securely processes the payment, verifies the transaction, and generates an order confirmation that includes an invoice and tracking ID. After payment confirmation, the backend system logs the order, updates inventory status, and initiates the delivery workflow. Users are kept informed about their order status through the tracking feature available in the user dashboard. This module provides real-time updates on the stages of order processing, such as confirmation, packaging, dispatch, transit, and delivery. Notifications may also be sent to the user through email or in-app alerts to ensure that they remain engaged and informed throughout the process. From a system design perspective, the flowchart also helps identify dependencies between different components and ensures that each step has been accounted for in terms of input, processing, and output. For instance, the success of the AR try-on feature depends on proper camera access and pose detection, while payment confirmation is contingent on transaction validation from the gateway. These interlinked processes are clearly reflected in the logical progression captured by the flowchart, which minimizes ambiguity and strengthens the integrity of the application’s architecture. In summary, the flowchart provides a vital blueprint for visualizing how the Virtual Try-On system operates in a step-by-step manner. It supports the design and development process by outlining user actions and corresponding system responses in a sequential flow. This not only enhances developer understanding during implementation but also serves as a valuable reference for future upgrades, user training, or stakeholder presentations. Ultimately, it demonstrates how the integration of augmented reality, machine learning, and e-commerce logic comes together to create a cohesive and efficient virtual shopping experience.
[bookmark: _Toc198030763]Methodology Diagram
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc198030932]Figure 3.5 Methodology Diagram
The Methodology Diagram in this project serves as a comprehensive visual representation of the entire workflow architecture underpinning the "Virtual Try – A Virtual Clothing Try-On Application". It illustrates the sequential flow of data, the interconnection between core modules, and the integration of various technologies that work together to deliver a fully functional, real-time, and user-friendly augmented reality (AR) experience within a mobile environment. At a high level, the methodology begins with user interaction, starting with authentication processes such as registration or login, powered by Firebase Authentication. This initial step ensures that each user accessing the system is verified and can have a personalized experience. Once authenticated, users can browse the product catalogue, explore fashion items, and utilize filters such as size, color, or brand to refine their search. The product catalogue is managed in real-time using Firebase Firestore, ensuring dynamic updates and scalability. A pivotal component of the system is the AR-based virtual try-on module, which activates once a user selects a clothing item. Upon triggering this feature, the system requests access to the user's device camera. Once granted, live camera input is captured and passed to the body tracking engine. Here, MediaPipe Pose, a lightweight yet robust real-time pose estimation framework, detects human landmarks such as shoulders, arms, and torso. This data is then processed using OpenCV, which handles frame management, coordinate mapping, and visual augmentation by overlaying the selected garment in the appropriate spatial position on the user’s body. To improve tracking stability and ensure garment alignment during movement, the system incorporates Blob Detection and a Kalman Filter. Blob Detection assists in identifying the key regions of interest (e.g., upper body) where garments will be overlaid. The Kalman Filter smooths the positional data from MediaPipe to reduce jitter and flickering that might occur due to rapid or erratic movements. This results in a more natural and visually stable try-on experience even during moderate motion or gesture variations. Simultaneously, the backend handles crucial functionalities such as user data storage, order processing, and session management. The database, hosted on Firebase Firestore, stores user preferences, order history, and clothing metadata, while Firebase Storage manages multimedia files, including user-uploaded images (if users opt to try clothes on static photos). The integration of Stripe API provides a PCI-compliant payment gateway, enabling users to proceed from virtual try-on to actual purchase seamlessly. It supports secure payment processing, invoice generation, and transaction tracking. After a successful transaction, the system updates inventory status and stores the order data for future tracking and analytics. An important aspect of the methodology is the feedback and recommendation engine, which allows users to rate their try-on experiences and products. Over time, this data is fed into analytics modules, enabling the system to offer AI-based recommendations tailored to user preferences, previous purchases, and even body types. This level of personalization enhances the consumer experience and helps bridge the confidence gap typically associated with online fashion shopping. Additionally, the diagram also incorporates admin-side operations, including product and inventory management, promotion creation, and user oversight. Admins can upload new items, manage discount codes, monitor user activity through login logs, and respond to customer behavior patterns through an integrated dashboard. The admin backend ensures the business side of the application remains agile, responsive, and data-driven. Lastly, supporting modules such as notification services and social sharing capabilities are depicted in the diagram. Notifications inform users of order confirmations, promotional events, or AR feature updates. Social media integration allows users to share try-on snapshots, increasing engagement and driving organic growth for the platform. In essence, the Methodology Diagram captures the holistic ecosystem of the Virtual Try system, demonstrating how various components ranging from frontend UI/UX and AR engines to backend logic and cloud infrastructure collaborate cohesively to deliver a modern, immersive, and scalable virtual try-on solution. It underscores the system’s real-time responsiveness, user-centric design, and technical robustness, ultimately supporting the project's aim of revolutionizing online clothing retail through intelligent and interactive technology.
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[bookmark: _Toc198030871]Table 3.1 User Registration & Authentication
	[bookmark: _Hlk197991617]Use Case ID
	UC-01

	Objective
	Secure user on boarding and access control.

	Actors
	User

	Basic Flow
	· User signs up with email/password.
· System validates and creates a user profile.
· User logs in to access the app.

	Alternative Flow
	Alt-1: Invalid credentials → error shown.
Alt-2: Forgot password → recovery email sent.

	Preconditions
	User has app installed.

	Post conditions
	User is authenticated and logged in.

	Notes
	Firebase Authentication used.
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	[bookmark: _Hlk197991588]Use Case ID
	UC-02

	Objective
	Let users virtually try clothes in real time.

	Actors
	User

	Basic Flow
	· User selects a clothing item.
· Camera opens with AR overlay.
· Garment fits onto body using ARCore/AR Kit.

	Alternative Flow
	Alt-1: Camera permission denied → prompt user.
Alt-2: AR not supported → fallback message.

	Preconditions
	AR-capable device, permissions granted.

	Post conditions
	Virtual try-on session starts.

	Notes
	Uses body tracking and AR SDKs.
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	Use Case ID
	UC-03

	Objective
	Enhance AR experience with real-time adaptation.

	Actors
	User

	Basic Flow
	· Camera detects user's body landmarks.
· App tracks movement and gestures.
· Garment adjusts to posture.

	Alternative Flow
	Alt-1: Low light → detection fails → prompt user.

	Preconditions
	Camera access granted.

	Post conditions
	Smooth body tracking.

	Notes
	Media pipe or TensorFlow Lite used.
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	Use Case ID
	UC-04

	Objective
	Allow users to explore clothing options.

	Actors
	User

	Basic Flow
	· User opens Catalogue.
· Filters by size, color, price, etc.
· Product list updates in real time.

	Alternative Flow
	Alt-1: No products match filters → show "No items found".

	Preconditions
	User logged in.

	Post conditions
	Filtered product list shown.

	Notes
	Improve UX with lazy loading.
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	Use Case ID
	UC-05

	Objective
	Let users select items for purchase.

	Actors
	User

	Basic Flow
	· User taps “Add to Cart” on an item.
· System adds product to user's cart.
· Confirmation appears.

	Alternative Flow
	Alt-1: Network error → retry or offline save.

	Preconditions
	User logged in

	Post conditions
	Item added to cart.

	Notes
	Stored in Firebase under user profile.
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	Use Case ID
	UC-06

	Objective
	Facilitate product purchase securely.

	Actors
	User

	Basic Flow
	· User proceeds to checkout.
· Enters payment info (Stripe/PayPal/Cash On Delivery COD).
· Order is confirmed.

	Alternative Flow
	Alt-1: Payment fails → show error message.

	Preconditions
	User has items in cart.

	Post conditions
	Order created, payment processed.

	Notes
	Secure and PCI-compliant flow.
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	Use Case ID
	UC-07

	Objective
	Keep users informed about order status.

	Actors
	User/Admin

	Basic Flow
	· User goes to "My Orders".
· System shows order progress (confirmed, shipped, and delivered).

	Alternative Flow
	Alt-1: Order not found → retry or show error.

	Preconditions
	Order has been placed.

	Post conditions
	Order status is visible

	Notes
	Option to enable push updates.
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	Use Case ID
	UC-08

	Objective
	Allow admins to manage product Catalogue.

	Actors
	Admin

	Basic Flow
	· Admin adds/edits/deletes clothing items.
· System updates product list for users.

	Alternative Flow
	Alt-1: Invalid image/fields → prompt admin.

	Preconditions
	Admin login required.

	Post conditions
	Product changes go live.

	Notes
	Use CMS-style dashboard.
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	Use Case ID
	UC-9

	Objective
	Admin oversight on users and activity.

	Actors
	Admin

	Basic Flow
	· Admin views registered users.
· Check user’s product history.

	Alternative Flow
	Alt-1: Unauthorized access → deny request.

	Preconditions
	Admin is authenticated.

	Post conditions
	User database accessible.

	Notes
	Role-based access control needed.
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	Use Case ID
	UC-10

	Objective
	Monitor user engagement and system health.

	Actors
	Admin

	Basic Flow
	· Firebase Analytics logs user actions.
· Admin views dashboards.

	Alternative Flow
	Alt-1: Firebase outage → log locally.

	Preconditions
	Analytics SDK configured

	Post conditions
	Data available in dashboard.

	Notes
	Helps in future development and marketing.
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	Use Case ID
	UC-11

	Objective
	Inform user/admin about important events.

	Actors
	Admin/User

	Basic Flow
	· System generates notification (e.g., new product added).
· Notification appears in user's dashboard.

	Alternative Flow
	Alt-1: Notifications not delivered.

	Preconditions
	User/admin must be logged in.

	Post conditions
	Notification displayed..

	Notes
	Use real-time or periodic updates
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	Use Case ID
	UC-12

	Objective
	Allow users to apply a discount during checkout.

	Actors
	User

	Basic Flow
	• User proceeds to checkout.
• User enters a valid promo code.
• System validates and applies the discount.

	Alternative Flow
	Alt-1: Invalid promo code → show error message.
Alt-2: Expired code → show expiry notice.

	Preconditions
	Valid promo code exists.

	Post conditions
	Discount reflected in the order total.

	Notes
	Promo codes managed by admin
Panel.
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	Use Case ID
	UC-13

	Objective
	Allow admin to monitor and adjust inventory levels.

	Actors
	Admin

	Basic Flow
	• Admin views stock for all products.
• Updates quantities or restocks items.
• System saves changes and updates Catalogue visibility.

	Alternative Flow
	Alt-1: Invalid stock entry → show warning.

	Preconditions
	Admin logged in.

	Post conditions
	Updated inventory shown to users.

	Notes
	Important for low-stock alerts and inventory syncing.



[bookmark: _Toc198030884]Table 3.14 Enter Shipping Details
	Use Case ID
	UC-14

	Objective
	Let users provide delivery address during checkout.

	Actors
	User

	Basic Flow
	• During checkout, user enters shipping address.
• System validates address and saves it to order.

	Alternative Flow
	Alt-1: Incomplete address → prompt user.

	Preconditions
	User is placing an order.

	Post conditions
	Address is stored with the order.

	Notes
	May include map validation or postal API.
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	Use Case ID
	UC-15

	Objective
	Monitor login patterns and system access.

	Actors
	Admin

	Basic Flow
	• Admin accesses login logs.
• System displays login attempts by users/admins.

	Alternative Flow
	Alt-1: Log data missing → display error.

	Preconditions
	Logging enabled in backend.

	Post conditions
	Admin sees access logs.

	Notes
	Helpful for security audits.
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	Description

	Test Case ID
	TC-AUTH-001

	Test Case Name
	User Registration

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android 12, Chrome browser, Emulator

	Expected Result
	User account should be created upon valid input

	Actual Result
	Account successfully created

	Remarks
	Validations working as expected
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	Description

	Test Case ID
	TC-AUTH-002

	Test Case Name
	User Login with Valid Credentials

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android 12, iOS 15

	Expected Result
	User should be redirected to home screen

	Actual Result
	Logged in successfully

	Remarks
	Login flow works fine on both platforms




[bookmark: _Toc198030888]Table 4.3 Invalid Login Attempt
	[bookmark: _Hlk197994178]Metric
	Description

	Test Case ID
	TC-AUTH-003

	Test Case Name
	Invalid Login Attempt

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Minor

	Priority
	Medium

	Environment
	Web (Chrome, Firefox), Android App

	Expected Result
	Proper error message should appear

	Actual Result
	Error shown: “Invalid credentials”

	Remarks
	Valid error handling observed



[bookmark: _Toc198030889]Table 4.4 Forgot Password
	[bookmark: _Hlk197995400]Metric
	Description

	Test Case ID
	TC-AUTH-004

	Test Case Name
	Forgot Password

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android, Chrome

	Expected Result
	Password recovery email should be sent

	Actual Result
	Recovery email received successfully

	Remarks
	Firebase flow confirmed



[bookmark: _Toc198030890]Table 4.5 Password Recovery Test Case
	[bookmark: _Hlk197995412]Metric
	Description

	Test Case ID
	TC-AUTH-005

	Test Case Name
	Password Recovery Flow

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android, Chrome

	Expected Result
	User should be able to reset password via link

	Actual Result
	Password reset completed successfully

	Remarks
	Firebase dynamic link verified




[bookmark: _Toc198030891]Table 4.6 Sign Up with Invalid Email or Credentials
	[bookmark: _Hlk197995423]Metric
	Description

	Test Case ID
	TC-AUTH-006

	Test Case Name
	Sign Up with Invalid Email or Credentials

	Module
	User Authentication and Account Management

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Minor

	Priority
	Medium

	Environment
	Android, Chrome

	Expected Result
	Error message shown, signup not allowed

	Actual Result
	“Invalid Email/Password” error displayed

	Remarks
	Validation messages triggered correctly



[bookmark: _Toc198030768]AR Clothing Try-On Functionality

[bookmark: _Toc198030892]Table 4.7 Open AR Mode
	[bookmark: _Hlk197995856]Metric
	Description

	Test Case ID
	TC-AR-004

	Test Case Name
	Open AR Mode

	Module
	AR Clothing Try-On Functionality

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Critical

	Priority
	High

	Environment
	Android (ARCore), iOS (ARKit), Chrome

	Expected Result
	Live camera feed starts and AR environment is initialized

	Actual Result
	AR view successfully initialized with live camera feed

	Remarks
	Works well with camera permissions enabled




[bookmark: _Toc198030893]Table 4.8 Body Movement in AR Mode
	Metric
	Description

	Test Case ID
	TC-AR-005

	Test Case Name
	Body Movement in AR Mode

	Module
	AR Clothing Try-On Functionality

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android (ARCore), iOS (ARKit)

	Expected Result
	Clothing adapts in real-time to body movements

	Actual Result
	Minor delay during fast motion, otherwise accurate

	Remarks
	Responsive and accurate in normal lighting and motion



[bookmark: _Toc198030894]Table 4.9 Low Light Handling in AR Mode
	Metric
	Description

	Test Case ID
	TC-AR-006

	Test Case Name
	Low Light Handling in AR Mode

	Module
	AR Clothing Try-On Functionality

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	Medium

	Environment
	Dim indoor light, night mode with room light

	Expected Result
	AR activates with low light warning

	Actual Result
	AR works; tracking less precise; warning displayed

	Remarks
	Performance degrades slightly in very dark settings



[bookmark: _Toc198030895]Table 4.10 Body Shape Detection
	Metric
	Description

	Test Case ID
	TC-AR-007

	Test Case Name
	Body Shape Detection

	Module
	AR Clothing Try-On Functionality

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android (ARCore), multiple users with varied body shapes

	Expected Result
	Clothing fits properly based on detected body shape

	Actual Result
	Fit adjustment succeeded with slight misalignment in rare poses

	Remarks
	Accurate detection under good lighting and full visibility



[bookmark: _Toc198030769]Machine Learning & Body/Gesture Recognition

[bookmark: _Toc198030896]Table 4.11 Detect Body Pose
	Metric
	Description

	Test Case ID
	TC-ML-001

	Test Case Name
	Body Pose Detection

	Module
	Machine Learning & Body/Gesture Recognition

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Critical

	Priority
	High

	Environment
	Android, iOS (AR mode), well-lit surroundings

	Expected Result
	Upper body key points should be identified and tracked

	Actual Result
	Accurate pose detection when full body is visible

	Remarks
	Tracking fails if part of the body is obstructed or out of frame



[bookmark: _Toc198030897]Table 4.12 Gesture Detection
	Metric
	Description

	Test Case ID
	TC-ML-002

	Test Case Name
	Gesture Detection

	Module
	Machine Learning & Body/Gesture Recognition

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android, iOS, AR Mode

	Expected Result
	Recognize gestures like waving and turning and adjust AR clothing

	Actual Result
	Gestures detected, but fast ones occasionally missed

	Remarks
	Best results with moderate, clear movements



[bookmark: _Toc198030898]Table 4.13 Incorrect Pose Handling
	Metric
	Description

	Test Case ID
	TC-ML-003

	Test Case Name
	Incorrect Pose Handling

	Module
	Machine Learning & Body/Gesture Recognition

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	Medium

	Environment
	Android, iOS, Sitting and leaning poses

	Expected Result
	Detect incorrect posture and prompt user to adjust

	Actual Result
	Warning displayed correctly

	Remarks
	Slight fitting distortion on extreme leaning




[bookmark: _Toc198030899]Table 4.14 Body Type Differentiation
	Metric
	Description

	Test Case ID
	TC-ML-004

	Test Case Name
	Body Type Differentiation

	Module
	Machine Learning & Body/Gesture Recognition

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android, iOS, AR Mode with users of various age groups

	Expected Result
	Proper scaling of clothing based on user being child or adult

	Actual Result
	Correct classification in most cases

	Remarks
	Edge cases (e.g., short adults) might confuse classification slightly



[bookmark: _Toc198030770]Cart and Payment

[bookmark: _Toc198030900]Table 4.15 Add Item to Cart
	Metric
	Description

	Test Case ID
	TC-CART-001

	Test Case Name
	Add Item to Cart

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Product is added to cart and displayed correctly with quantity

	Actual Result
	Product successfully added and reflected in the cart

	Remarks
	Network issues occasionally delayed cart update



[bookmark: _Toc198030901]Table 4.16 Update Item Quantity in Cart
	Metric
	Description

	Test Case ID
	TC-CART-002

	Test Case Name
	Update Item Quantity in Cart

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Updated quantity is shown and total price changes accordingly

	Actual Result
	Quantity updated and reflected in total

	Remarks
	Failed update under rare inventory shortages



[bookmark: _Toc198030902]Table 4.17 Remove Item from Cart
	Metric
	Description

	Test Case ID
	TC-CART-003

	Test Case Name
	Remove Item from Cart

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	Medium

	Environment
	Web, Mobile App

	Expected Result
	Selected item is removed and total updates correctly

	Actual Result
	Item removed successfully

	Remarks
	Slight sync delay on poor internet



[bookmark: _Toc198030903]Table 4.18 Payment Gateway Integration
	Metric
	Description

	Test Case ID
	TC-CART-004

	Test Case Name
	Payment Gateway Integration

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Critical

	Priority
	High

	Environment
	Live payment sandbox (Stripe/Test Gateway)

	Expected Result
	Payment is processed and confirmed

	Actual Result
	Payment completed and user redirected to confirmation

	Remarks
	Handled gracefully during temporary gateway latency



[bookmark: _Toc198030904]Table 4.19 Failed Payment Handling
	Metric
	Description

	Test Case ID
	TC-CART-005

	Test Case Name
	Failed Payment Handling

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Simulated failed payment (invalid card, timeout)

	Expected Result
	Payment fails gracefully with proper error message

	Actual Result
	Proper error message shown without charging user

	Remarks
	Multiple fail cases tested (invalid card, expired card, insufficient funds)




[bookmark: _Toc198030905]Table 4.20 Payment Confirmation and Order Summary
	Metric
	Description

	Test Case ID
	TC-CART-006

	Test Case Name
	Payment Confirmation and Order Summary

	Module
	Cart and Payment

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	User sees confirmation page with order details

	Actual Result
	Order summary displayed correctly after payment

	Remarks
	Order ID and item summary matched expected backend values



[bookmark: _Toc198030771]Product Catalogue Features

[bookmark: _Toc198030906]Table 4.21 Browse Product Categories
	Metric
	Description

	Test Case ID
	TC-CAT-001

	Test Case Name
	Browse Product Categories

	Module
	Product Catalogue Features

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Product categories should load and be displayed

	Actual Result
	Categories loaded and displayed as expected

	Remarks
	Fails if server response is delayed or down



[bookmark: _Toc198030907]Table 4.22 Apply Filter by Size
	Metric
	Description

	Test Case ID
	TC-CAT-002

	Test Case Name
	Apply Size Filter

	Module
	Product Catalogue Features

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Products matching selected size are shown

	Actual Result
	Products filtered correctly; 'No items found' shown for empty filters

	Remarks
	Should display "No items found" if none match



[bookmark: _Toc198030908]Table 4.23 Search Products by Keyword
	Metric
	Description

	Test Case ID
	TC-CAT-003

	Test Case Name
	[bookmark: _Hlk197557756]Search Products by Keyword

	Module
	Product Catalogue Features

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Matching products should appear based on keyword

	Actual Result
	Products relevant to keyword displayed correctly

	Remarks
	Proper error for invalid terms is essential



[bookmark: _Toc198030772]Order Management

[bookmark: _Toc198030909]Table 4.24 View Past Orders
	Metric
	Description

	Test Case ID
	TC-ORDER-001

	Test Case Name
	View Past Orders

	Module
	Order Management

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	User sees past orders with details: ID, items, prices, and status

	Actual Result
	Past orders displayed with accurate information

	Remarks
	Handle network/server failures gracefully



[bookmark: _Toc198030910]Table 4.25 Track Ongoing Order
	Metric
	Description

	Test Case ID
	TC-ORDER-002

	Test Case Name
	Track Ongoing Order

	Module
	Order Management

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	User views real-time updates and tracking number

	Actual Result
	Real-time tracking and shipping updates shown successfully

	Remarks
	Show fallback if backend fails



[bookmark: _Toc198030911]Table 4.26 Cancel an Order Before Confirmation
	Metric
	Description

	Test Case ID
	TC-ORDER-003

	Test Case Name
	Cancel an Order Before Confirmation

	Module
	Order Management

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Order is canceled, status updates to "Canceled"

	Actual Result
	Order canceled successfully before confirmation

	Remarks
	Validate order is cancellable before action



[bookmark: _Toc198030912]Table 4.27 Attempt to Cancel Shipped Order
	Metric
	Description

	Test Case ID
	TC-ORDER-004

	Test Case Name
	Attempt to Cancel Shipped Order

	Module
	Order Management

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	Medium

	Environment
	Web, Mobile App

	Expected Result
	Error shown: "Order already confirmed and cannot be canceled."

	Actual Result
	Proper error message displayed; order remained active

	Remarks
	Should block action and notify user clearly



[bookmark: _Toc198030913]Table 4.28 User Wish List Feature
	Metric
	Description

	Test Case ID
	TC-ORDER-005

	Test Case Name
	User Wish List Feature

	Module
	Order Management

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Minor

	Priority
	Medium

	Environment
	Web, Mobile App

	Expected Result
	Product saved to wishlist, available for future viewing

	Actual Result
	Wishlist item saved and retrieved correctly

	Remarks
	Must prompt login if user is not authenticated



[bookmark: _Toc198030773]Cross-Platform Compatibility

[bookmark: _Toc198030914]Table 4.31 AR Functions on Both Android and iOS
	Metric
	Description

	Test Case ID
	TC-COMP-003

	Test Case Name
	AR Functions on Both Android and iOS

	Module
	Cross-Platform Compatibility

	Test Execution Status
	Pending

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android (ARCore), iOS (ARKit)

	Expected Result
	AR features launch and perform equally well across platforms

	Actual Result
	AR worked smoothly on both platforms with minor UI differences

	Remarks
	Compare AR performance, latency, and rendering accuracy






[bookmark: _Toc198030774]Notifications

[bookmark: _Toc198030915]Table 4.35 Order Confirmation Notification
	Metric
	Description

	Test Case ID
	TC-NOTIF-001

	Test Case Name
	Order Confirmation Notification

	Module
	Notifications

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	Confirmation notification is displayed or pushed to the device

	Actual Result
	Order confirmation notification received successfully

	Remarks
	Triggered right after checkout completion




[bookmark: _Toc198030916]Table 4.36 Shipping Update Notifications
	Metric
	Description

	Test Case ID
	TC-NOTIF-002

	Test Case Name
	Shipping Update Notifications

	Module
	Notifications

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	User receives timely shipping progress updates

	Actual Result
	Notifications delivered with accurate tracking updates

	Remarks
	Synced correctly with backend shipping status




[bookmark: _Toc198030917]Table 4.37 Promotional Notifications
	Metric
	Description

	Test Case ID
	TC-NOTIF-003

	Test Case Name
	Promotional Notifications

	Module
	Notifications

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Minor

	Priority
	Medium

	Environment
	Web, Mobile App

	Expected Result
	Promotional alert is delivered to user via push or in-app message

	Actual Result
	Offers and discounts pushed successfully to opted-in users

	Remarks
	Works only when notification permissions are enabled







[bookmark: _Toc198030775]Performance & Non-Functional Testing

[bookmark: _Toc198030918]Table 4.38 App Launch Time
	Metric
	Description

	Test Case ID
	TC-PERF-001

	Test Case Name
	App Launch Time

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Android 12, iOS 15

	Expected Result
	App loads and opens within acceptable time

	Actual Result
	App launched within 2.5 seconds on standard devices

	Remarks
	Meets performance benchmark on both platforms






[bookmark: _Toc198030919]Table 4.39 AR Responsiveness
	Metric
	Description

	Test Case ID
	TC-PERF-002

	Test Case Name
	AR Responsiveness

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Critical

	Priority
	High

	Environment
	AR Mode, Android & iOS

	Expected Result
	App responds smoothly with no noticeable lag or freeze

	Actual Result
	AR rendering responsive and stable during try-on

	Remarks
	Maintained 30+ FPS during normal use




[bookmark: _Toc198030920]Table 4.40 Performance on Low-Spec Devices
	Metric
	Description

	Test Case ID
	TC-PERF-003

	Test Case Name
	Performance on Low-Spec Devices

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Moderate

	Priority
	Medium

	Environment
	Older Android and iOS Devices

	Expected Result
	Basic features work; AR mode may degrade gracefully or warn user

	Actual Result
	App usable; AR fallback triggered with warning

	Remarks
	Acceptable performance under limited hardware




[bookmark: _Toc198030921]Table 4.41 Network Disconnection Handling
	Metric
	Description

	Test Case ID
	TC-PERF-004

	Test Case Name
	Network Disconnection Handling

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environmt
	Offline, Airplane Mode

	Expected Result
	User is shown a network error message; app does not crash

	Actual Result
	Graceful error displayed; no crash on disconnect

	Remarks
	Most features disabled until reconnection




[bookmark: _Toc198030922]Table 4.42 Data Security
	Metric
	                         Description

	Test Case ID
	TC-PERF-005

	Test Case Name
	Data Security

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Critical

	Priority
	High

	Environment
	Firebase, User Sessions

	Expected Result
	Data remains secure; only authenticated users can access it

	Actual Result
	All sensitive user data encrypted and securely stored

	Remarks
	Firebase security rules tested and verified




[bookmark: _Toc198030923]Table 4.43 App Recovery After Crash
	Metric
	Description

	Test Case ID
	TC-PERF-006

	Test Case Name
	App Recovery After Crash

	Module
	Performance & Non-Functional Testing

	Test Execution Status
	Pass

	Tested By
	Wasi

	Test Date
	2025-05-07

	Severity
	Major

	Priority
	High

	Environment
	Web, Mobile App

	Expected Result
	App restarts and functions properly without data corruption

	Actual Result
	App restarted cleanly and resumed session when possible

	Remarks
	Unsaved AR session progress lost; all else intact



[bookmark: _Toc198030776]Comprehensive Test Case: Summary for AR Clothing App

[bookmark: _Toc198030924]Table 4.44 Comprehensive Test Case: Summary for AR Clothing App
	Test Case ID
	Test Case Objective
	Pre requisite
	Steps
	Expected Output
	Status

	TC-1.1
	User Sign Up (Valid)
	User must visit the registration screen.
	1. Open registration screen
2. Enter valid email and password
3. Submit
	New user account is created, and user is redirected to home/dashboard
	PASS

	TC-1.2
	User Sign Up (Invalid)
	User must open the registration form.
	1. Open registration screen
2. Enter invalid email or weak password
3. Submit
	Registration is denied; user stays on the registration screen
	PASS

	TC-1.3
	User Login (Valid)
	User must open the login page.
	1. Open login screen
2. Enter correct credentials
3. Submit
	User is logged in successfully and redirected to home/dashboard
	PASS

	TC-1.4
	User Login (Invalid)
	User must open the login page.
	1. Open login screen
2. Enter incorrect credentials
3. Submit
	Login fails; user remains on login screen
	PASS

	TC-1.5
	Password Recovery
	User clicks 'Forgot Password' link.
	1. Click Forgot Password
2. Enter registered email
3. Submit
	Reset link sent to user’s email address
	PASS

	TC-1.6
	User Logout
	User must already be logged in.
	1. Tap logout button
2. Confirm action
	User is logged out and redirected to login page
	PASS

	TC-2.1
	Open AR Mode
	User must allow camera permissions and open the Try-On feature.
	1. Open AR feature
2. Allow camera
3. Initialize AR
	Live camera feed is displayed, and AR environment is initialized
	PASS

	TC-2.2
	Body Movement in AR Mode
	User must be wearing visible clothing and must stay in frame.
	1. Enter AR mode
2. Move naturally
3. Observe clothing reaction
	Clothing item adapts naturally to user's body movement in real-time
	PASS

	TC-2.3
	Low Light Handling in AR Mode
	User is using AR mode in dim or low-light environment.
	1. Use AR in low-light
2. Observe tracking
	AR still works but with a warning message about improving lighting
	PASS

	TC-2.4
	Body Shape Detection
	User must be fully visible on camera for shape detection.
	1. Enter AR
2. Face camera fully
	Virtual clothing automatically adjusts and fits according to detected body type
	PASS

	TC-3.1
	Body Pose Detection
	User must stand clearly visible within the camera frame in a well-lit environment.
	1. Enter AR mode
2. Ensure full visibility
	System successfully identifies and tracks user's full body pose
	PASS

	TC-3.2
	Gesture Detection
	User must be in AR mode with full body visible to the camera.
	1. Perform gestures like waving or turning
	Recognized gestures are processed, and AR clothing adjusts accordingly
	PASS

	TC-3.3
	Incorrect Pose Handling
	User must engage in non-standard posture (e.g., sitting) while in AR mode.
	1. Sit or lean excessively
2. Observe system response
	System provides a warning to adjust posture
	PASS

	TC-3.4
	Body Type Differentiation
	User must be clearly visible; height and body proportions must be detectable.
	1. Use AR feature
2. Let system detect type
	Clothing scales appropriately based on detected body type (child or adult)
	PASS

	TC-4.1
	Browse Product Categories
	User must be logged in and navigate to the product catalog page.
	1. Navigate to catalog
2. Browse available options
	Categories are displayed for exploration
	PASS

	TC-4.2
	Apply Size Filter
	User must be in product catalog view and access the filter options.
	1. Choose size filter
2. Apply filter
	Only products matching the selected size are displayed
	PASS

	TC-4.4
	Search Products by Keyword
	User must access the search feature on the catalog page.
	1. Type keyword in search bar
	Products matching the search keyword are displayed
	PASS

	TC-5.1
	Add Item to Cart
	User is logged in and has selected a product to add.
	1. Select product
2. Tap 'Add to Cart'
	Product is added and reflected in cart
	PASS

	TC-5.2
	Update Item Quantity in Cart
	User has at least one item in the cart.
	1. Increase/decrease quantity
	Quantity is updated in the cart and total recalculated
	PASS

	TC-5.3
	Remove Item from Cart
	User has at least one item in the cart.
	1. Tap 'Remove' on cart item
	Item is removed and total recalculated
	PASS

	TC-5.4
	Payment Gateway Integration
	User has items in the cart and proceeds to checkout.
	1. Proceed to payment
2. Enter valid payment details
	Payment is processed and confirmation shown
	PASS

	TC-5.5
	Failed Payment Handling
	User attempts to make a payment.
	1. Enter invalid/expired card
2. Submit
	Proper error message shown and no charge occurs
	PASS

	TC-5.6
	Payment Confirmation and Order Summary
	User has completed the payment process.
	1. Complete payment
2. Wait for confirmation
	Confirmation and order summary are displayed
	PASS

	TC-6.1
	View Past Orders
	User has placed one or more orders.
	1. Go to order history
	List of past orders is shown
	PASS

	TC-6.2
	Track Ongoing Order
	User has an ongoing order with tracking info.
	1. View order details
2. Tap on tracking
	User views real-time updates on delivery status
	PASS

	TC-6.3
	Cancel an Order Before Confirmation
	User has placed an order not yet confirmed.
	1. Tap cancel before order confirmation
	Order is canceled and marked as such
	PASS

	TC-6.4
	Attempt to Cancel Shipped Order
	User attempts to cancel a confirmed/shipped order.
	1. Attempt cancellation post-shipment
	Error shown: 'Order cannot be canceled'
	PASS

	TC-6.5
	User Wish list Feature
	User must be logged in.
	1. Tap 'Add to Wishlist' on product
	Item saved in user's wishlist
	PASS

	TC-7.1
	AR functions on both Android and iOS
	User has app installed and granted AR permissions.
	1. Use AR features on both platforms
	AR works smoothly on Android and iOS
	PASS

	TC-9.1
	Order Confirmation Notification
	User completes checkout process.
	1. Complete order
	Notification of order confirmation received
	PASS

	TC-9.2
	Shipping Update Notifications
	User has active order in transit.
	1. Wait for shipping status updates
	User gets notified about shipping progress
	PASS

	TC-9.3
	Promotional Notifications
	User must have opted in for notifications.
	1. Await promotional push/in-app messages
	Promotional alerts are delivered
	PASS

	TC-10.1
	App Launch Time
	Device has internet access and memory.
	1. Launch app
	App opens within 300 seconds
	PASS

	TC-10.2
	AR Responsiveness
	User is in AR mode with active camera session.
	1. Use AR clothing features
	App responds smoothly with no lag
	PASS

	TC-10.3
	Performance on Low-Spec Devices
	App installed on older device.
	1. Use app normally
	Basic features work; AR may downgrade gracefully
	PASS

	TC-10.4
	Network Disconnection Handling
	Device loses internet during app use.
	1. Disconnect network
2. Use app features
	Network error shown, app stable
	PASS

	TC-10.5
	Data Security
	User account contains sensitive data.
	1. Access profile or payment info
	Data remains secure and access is authenticated
	PASS

	TC-10.6
	App Recovery After Crash
	App crashes due to input or bug.
	1. Relaunch app after crash
	App resumes without data corruption
	PASS






[bookmark: _Toc198030777]



[bookmark: _Toc198030778]IMPLEMENTATION FRAMEWORK AND PERFORMANCE EVALUATION OF VTO SYSTEM

[bookmark: _Toc198030779]Libraries Used in the Project

This section gives a detailed overview of the core libraries used in the execution of our project Virtual Try, a real-time virtual try-on system. These libraries aid in the processing of images, pose estimation, math operations, and detection stability to improve system accuracy and user experience.

[bookmark: _Toc198030780]OpenCV (cv2)

OpenCV is an open-source computer vision library that is used extensively for real-time video and image processing tasks. OpenCV is used in the center of several phases of the virtual try-on system in this project. Firstly, it processes video input, from the live video stream of the device's camera to detect the body or face of the user. After frames are grabbed, frame manipulation is done with OpenCV operations like resizing, cropping, flipping, and color space conversion (e.g., BGR to RGB), which are necessary to maintain compatibility with models like MediaPipe. In addition, OpenCV is utilized for overlaying visual elements, like virtual clothes or accessories, directly onto the video stream based on the landmark detection. Lastly, OpenCV offers real-time visualiza-tion capacities with the cv2.imshow function, presenting the augmented output with the virtual try-on ef-fect in real-time preview.



[bookmark: _Toc198030781]NumPy
[bookmark: _Toc515271769]
NumPy is a core Python library for numerical computation and array management and provides the foundation for much low-level computation in this project. It proves to be exceptionally helpful in dealing with landmark data since pose estimation output from MediaPipe is handled as arrays. NumPy facilitates effective math computation, like rotations that include translation, scaling, and rotation, that are utilized to drive the movement of virtual apparel based on the user's pose. It also facilitates smoothing computations, like calculating the distance and ratio of significant landmarks, that are utilized to assist dynamically scaling and positioning try-on features more precisely.


[bookmark: _Toc198030782]PoseDetector
PoseDetector is an in-house-built utility module whose primary purpose is to remove pose estimation and land landmark data ease of access. Rather than repeatedly copying raw code to manage pose tracking, the class offers a reusable and module-based interface that manages the setup and use of the pose detection model (usually driven by MediaPipe. It processes every frame of the video stream and provides accurate landmark coordinates for key body parts such as the shoulders, elbows, and hips that are critical in aligning virtual clothing accurately. Additionally, it improves detection reliability by adding confidence score filtering, which ensures overlays are only displayed when reliable pose data is present.

[bookmark: _Toc198030783]MediaPipe
MediaPipe, created by Google, is a cross-platform framework that is optimized for the development of real-time machine learning pipelines. In this project, the MediaPipe Pose module is utilized to identify 33 body landmarks with high accuracy. Its advantage is real-time performance and light-weight execution, making it particularly well-suited for mobile environments and live applications such as virtual try-on. One of MediaPipe's biggest strengths is support for 3D landmarks that yield x, y, and z coordinates per point, supporting more natural, depth-aware arrangement of clothing. Further, raw pose landmarks provided by MediaPipe are passed into a Kalman Filter for filtering. This supports jitter reduction and improves the temporal stability of the keypoints and creates a smoother and more natural overlaid experience.
[bookmark: _Toc198030784]Models Used in the Project
Our virtual try-on system relies on stable and accurate real-time detection of human body landmarks. This allows the virtual clothing to be correctly overlaid on user movement. Toward this purpose, we utilized a pre-trained pose estimation model from MediaPipe as the backbone of the system. Yet mere real-time capability and accuracy cannot suffice, particularly in dynamic situations or for semi-visible users. Thus, the pose data is then categorized and refined utilizing a Kalman filter for the stabilization of landmark positions and a block detection component to only apply overlays when the user's pose is clearly detectable. The combining of these elements helps to keep the system responsive and accurate while visual stability is maintained under suboptimal conditions.

[bookmark: _Toc198030785]MediaPipe Pose Estimation Model
The Media Pipe Pose Estimation Model is a real-time machine-learning system created by Google, which can detect and track human body landmarks from a regular RGB image. It works in a two-step architecture. It first employs a lightweight detector to estimate the approximate location of the full body within the frame. Next, a more precise landmark model improves on these outcomes by predicting the 3D coordinates of 33 precise body points, such as shoulders, hips, elbows, and knees, and so on. These landmarks are returned with visibility scores, which provide a measure of the confidence in each prediction.
MediaPipe is particularly convenient to use for interactive applications because it is so fast. It runs promptly on CPUs and GPUs without any need for specialized high-end hardware. That makes it appropriate for use in real-time systems like ours where fast and reliable pose estimation is crucial. Additionally, it is pre-trained, so we did not have to train a specialized model from ground up. Rather, we used a wrapper class named Pose Detector, which makes it simpler to extract and handle landmark information. This wrapper excludes only those key points we require for upper body tracking and gives the coordinates in a standard format for later pro-cessing.
Even with its inherent smoothing processes, the MediaPipe model will occasionally generate somewhat jittery or inconsistent output, particularly when encountering sudden user motion, changing lighting, or partial occlusion. To offset these weaknesses and provide greater stability in the output, we added a Kalman Filter as a secondary tracking solution.
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[bookmark: _Toc198030933]Figure 5.1 MediaPipe Block Diagram

[bookmark: _Toc198030786]Kalman Filter for Landmark Smoothing

Although the MediaPipe model provides an internal smoothing feature, we did observe minor jittering of landmark locations, especially under changing lighting or light occlusion. To further improve the temporal stability of keypoints in our virtual try-on system, we used a Kalman Filter, a well-known algorithm for recursive state estimation in noisy environments.
Kalman Filter operates on two fundamental steps: prediction and update (correction).

[bookmark: _Toc197936092]Prediction Step:
In the prediction step, the filter approximates the current state of a landmark from the previous state according to the following formula:

x̂ₖ⁻ = A · x̂ₖ₋₁ + B · uₖ
[bookmark: _Toc198030946]Equation 5.1 State Prediction Equation

Here, x̂ₖ⁻ is the predicted state at the current time step k, A is the state transition matrix, x̂ₖ₋₁ is the previous state estimate, B is the control matrix, and uₖ is the control vector. In our specific use case, no external control input is applied, so uₖ is zero and the control term effectively drops out. The corresponding uncertainty of the predicted state, known as the predicted estimate covariance, is calculated with the equation:

Pₖ⁻ = A · Pₖ₋₁ · Aᵀ + Q
[bookmark: _Toc198030947]Equation 5.2 Covariance Prediction Equation

In this equation, Pₖ⁻ represents the predicted covariance matrix, Pₖ₋₁ is the previous covariance, and Q is the process noise covariance, which captures uncertainty or variability in the system model.

Once a new measurement zₖ is received such as the raw key point position obtained from MediaPipe the Kalman Filter performs the update step to correct the prediction. This begins with computing the Kalman Gain, which determines how much the prediction should be adjusted based on the new measurement:

Kₖ = Pₖ⁻ · Hᵀ · (H · Pₖ⁻ · Hᵀ + R)⁻¹
[bookmark: _Toc198030948]Equation 5.3 Kalman Gain Equation

In this equation, Kₖ is the Kalman Gain, H is the observation matrix that maps the predicted state to the measurement space, and R is the measurement noise covariance representing sensor inaccuracy.
With the Kalman Gain computed, the state update is performed as follows:

x̂ₖ = x̂ₖ⁻ + Kₖ · (zₖ − H · x̂ₖ⁻)
[bookmark: _Toc198030949]Equation 5.4 State Update Equation

This equation corrects the predicted state x̂ₖ⁻ using the difference between the actual measurement zₖ and the predicted measurement H · x̂ₖ⁻. Finally, the covariance update is calculated to reflect the reduced uncertainty after incorporating the measurement:

Pₖ = (I − Kₖ · H) · Pₖ⁻
[bookmark: _Toc198030950]Equation 5.5 Covariance Update Equation

Through this process, the Kalman Filter blends the prediction with noisy observations to produce a more accurate and stable estimate of landmark positions. This enables smoother AR visualizations and more responsive interactions in the system.


[image: ]
[bookmark: _Toc198030934]Figure 5.2 Kalman Filter Block Diagram

These standard Kalman Filter equations are derived from the original algorithm proposed by R. E. Kalman in 1960, which provides a recursive solution to the discrete-data linear filtering problem [2]. Another essential element of our rollout is the Blob Detection logic that guarantees virtual attire will only make an appearance when the user's upper body will be well within view and framed correctly in the camera. This system is a fall-back to avoid mistakes due to missing or incorrect pose data. For example, if the user steps out of the camera frame or partially goes out of view, MediaPipe will not always be able to detect all of the required landmarks, and this can lead to warped or improperly aligned clothing overlays.

[bookmark: _Toc198030787]Blob Detection
To prevent this, the blob detection system occasionally checks the presence and sanity of some important landmarks, primarily the shoulders and hips. These are essential in well positioning the clothing on the body of the user. If the number of persistently detected landmarks drops below a certain threshold, the system briefly suspends rendering clothing overlays. When the user re-enters the frame or comes back to a pose that exposes the required landmarks, the overlay resumes. In broad terms, blob detection is a method that is employed by most computer vision tasks to locate areas of interest based on intensity or patterns, which in our context refer to confidently detected landmarks. It provides the program with the ability to check if there is a minimum requirement before proceeding with an activity. In our implementation, it is dependent on the visibility and confidence scores of the pose landmarks. Through the application of blob detection, we improve the overall system robustness and prevent visual artifacts that would otherwise decrease the realism and usability of the virtual try-on experience.

[bookmark: _Toc198030925]Table 5.1 System Architecture Summary
	Component
	Description

	MediaPipe Pose
	Pre-trained real-time landmark detector used to get 33 body key points.

	PoseDetector
	Custom wrapper for extracting and processing MediaPipe landmarks.

	Block Detection
	Logic to detect sufficient key points for safe overlay rendering.

	Kalman Filter
	Applies smoothing to reduce landmark jitter and enhance tracking accuracy.



[bookmark: _Toc198030788]Results & Discussions
This part introduces the testing of crucial performance indicators in the Virtual Try system, including pose detection reliability, responsiveness of the system (frame rate), overlay precision positioning, and error condition management. The outcome depicts the efficacy of the system in real-time apparel visualization environments.
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[bookmark: _Toc198030935]Figure 5.3 Result of the Virtual Try On in Real Time

[bookmark: _Toc197936097][bookmark: _Toc198030789]Pose Detection Reliability
The system showed a pose detection accuracy of around 100%, reliably detecting body landmarks under all test conditions. It was able to achieve such good levels of accuracy when good lighting and when users were in a more or less upright position. The use of good pose detection correctly and reliably is an essential component of the Virtual Try application in that it enables proper alignment and presentation of virtual clothing. The app utilizes robust pose estimation algorithms to correctly detect primary landmarks with virtually no false negatives. However, the performance of the system degrades under low light or in the case of non-standard user postures, thus future work includes implementing light normalization techniques or supporting multi-view input.
[bookmark: _Toc197936098][bookmark: _Toc198030790]Frame Rate (FPS)
The system maintained an average frame rate of 14.26 FPS, which was adequate to provide smooth live visualization during virtual try-on experiences. Although this frame rate offers decent real-time performance, it also points to potential bottlenecks in the processing pipeline, especially when deploying on mobile or low-powered hardware. To improve efficiency and scalability, potential future enhancements may include optimization methods like model pruning, using GPU acceleration, or asynchronous frame processing to boost frame rate and lower latency.

[bookmark: _Toc197936099][bookmark: _Toc198030791]Overlay Alignment Accuracy
The virtual clothing overlays were consistently well-centered and well-aligned with the detected poses, showing trustworthy integration between the pose detection and rendering modules. Debug logs verified accurate adaptive scaling and rotation, with particular examples including a shirt put at position (275, 191), scaled to size 76×139 pixels, and rotated to -47.2°, corresponding very close to anticipated positions under a range of user poses. This alignment accuracy level helped in achieving a realistic and plausible try-on experience. The system performed well with dynamic changes, and visual overlay misalignment was less than 5%, which is within acceptable thresholds for interactive augmented reality systems.

[bookmark: _Toc197936100][bookmark: _Toc198030792]Failure Condition Handling
The system also incorporated primitive failure condition management to enhance reliability and usability. Virtual clothing overlays, for example, were automatically stripped off when the user's body rotation was greater than ±45°, effectively avoiding unnatural or distorted visualizations. This filtering method maintains visual integrity and avoids uneasy misplacements during try-on operations. Yet it also brings out a current limitation of the system, which is that it cannot handle full-body or dynamic side-view try-ons. How this constraint could be addressed in the future would include incorporating 3D pose estimation methods or multi-angle garment modelling to support a more general and flexible virtual try-on capability.

[bookmark: _Toc198030926]Table 5.2 Summary of Results
	Metric
	Value

	Pose Detection Reliability
	100%

	Average Frame Rate
	14.26 FPS

	Overlay Misalignment
	< 5% (visual estimate)

	Failure Condition Handling
	Implemented (±45° filter)




[bookmark: _Toc197936102][bookmark: _Toc198030793]Conclusion of Findings

The current implementation of Virtual Try demonstrates high reliability in pose detection, acceptable frame rates for real-time interaction, and effective alignment of virtual garments. While some limitations exist, especially in terms of rotational flexibility and frame rate optimization, the system provides a strong baseline for future development into a more robust AR-based virtual try-on platform.


[bookmark: _Toc198030927]Table 5.3 Comparative Analysis of Virtual Try-On Systems
	Metric
	Your Project
	VITON-HD [3]
	FITMI [4]
	MG-VTON [5]

	Pose Detection Reliability
	Achieved approximately 100% reliability under optimal lighting and posture conditions.
	Focuses on high-resolution image synthesis; specific pose detection reliability metrics are not reported.
	Utilizes DensePose and OpenPose for detailed body pose estimation; specific pose detection reliability metrics are not reported.
	Emphasizes robustness to arbitrary poses through progressive pose attention transfer; specific pose detection reliability metrics are not reported.

	Average Frame Rate (FPS)
	Maintained an average of 14.26 FPS, suitable for smooth live visualization.
	Primarily designed for high-resolution offline image synthesis; real-time performance metrics are not emphasized.
	Focuses on realistic virtual try-on solutions; real-time performance metrics are not specified.
	Designed for efficient clothes transferring; real-time performance metrics are not specified.

	Overlay Alignment Accuracy
	Consistently cantered and aligned overlays with less than 5% visual misalignment; adaptive scaling and rotation confirmed via debug logs.
	Introduces ALIAS normalization to handle misaligned areas and preserve details in high-resolution images; specific quantitative alignment accuracy metrics are not provided.
	Integrates detailed body pose estimation for accurate garment alignment; specific quantitative alignment accuracy metrics are not provided.
	Employs progressive pose attention transfer to maintain alignment across diverse poses; specific quantitative alignment accuracy metrics are not provided.

	Failure Condition Handling
	Implemented filtering for rotations exceeding ±45°, preventing unnatural or distorted visualizations.
	Not explicitly addressed; focuses on improving image synthesis quality through misalignment-aware normalization.
	Not explicitly addressed; concentrates on integrating advanced techniques for realistic virtual try-on experiences.
	Not explicitly addressed; emphasizes pose attention mechanisms to handle diverse poses.




[bookmark: _Toc197936103][bookmark: _Toc198030794]Insights and Recommendations
Your system exhibits outstanding pose detection reliability under regular conditions, detecting major landmarks with excellent accuracy consistently. Though other virtual try-on systems like MG-VTON and FITMI also seek to support a broad set of arbitrary poses, they tend not to report fine-grained reliability measures. Having been tested with various user and environmental conditions would also reinforce and affirm the dependability of your system. At the performance end, a mean frame rate of 14.26 FPS means there is an acceptable trade-off between image quality and responsiveness. In contrast to VITON-HD systems where they prioritise high-resolution output over real-time performance in some cases, your system functions nonetheless. However, utilizing optimisation techniques like model pruning or GPU acceleration would make system responsiveness even faster, particularly for deployment on mobile devices. The system is also highly accurate in overlay alignment, with adaptive scaling and rotation to align clothing to fit perfectly. While sophisticated methods of alignment are implemented by programs like VITON-HD and MG-VTON, there aren't generally quantifiable metrics with them; thus, continually optimizing and monitoring your alignment accuracy can make an enormous difference to the user experience. In addition, the system's strategy for handling failure conditions e.g., filtering overlays when the user rotates more than ±45° improves visualization quality and avoids misaligned rendering. In contrast to some other systems that emphasize supporting pose diversity without necessarily handling edge cases explicitly, extending these failure-handling mechanisms to cover a broader set of difficult cases can further enhance the system's robustness and usability.

[bookmark: _Toc197936104][bookmark: _Toc198030795]Comparative Evaluation Context
While examining state-of-the-art Virtual Try-On (VTON) systems like VITON, CP-VTON, VI-TON-HD, MG-VTON, and FITMI, it was found that the majority of previous studies emphasize mostly on image synthesis quality. Most such works use measurements like SSIM (Structural Similarity Index), FID (Fréchet Inception Distance), and IS (Inception Score) to assess the extent to which generated images are realistic or aesthetically pleasing. Although useful for determining visual fidelity, these metrics don't measure system responsiveness or user experience in live, interactive applications. Additionally, system performance metrics like frame rate (FPS), real-time over-lay alignment, and pose detection robustness are not reported or even mentioned. They are, nonetheless, important when assessing systems to be used for augmented reality (AR) or real-time virtual try-on scenarios, where silky smooth interaction and precise garment alignment are crucial.

[bookmark: _Toc197936105][bookmark: _Toc198030796]Unique Contribution of This Work

This project aims to bridge existing gaps in virtual try-on evaluation by offering a set of user-centric, real-world applicable metrics that more accurately reflect the performance of a real-time system. The described evaluation framework consists of several key components. Pose Detection Reliability as a percentage evaluates the reliability and accuracy with which the system identifies body landmarks under varying lighting and posture conditions. Average Frame Rate (FPS) is employed to measure the system's capability for smooth operation in real time, aiding smooth user experience. Overlay Alignment Accuracy measures the accuracy with which virtual clothing is resized and aligned with respect to detected body pose, validated via debug logs and human examination. Furthermore, Failure Handling is facilitated by the application of rotation thresholds—i.e., excluding poses larger than ±45°—to maintain visual coherence of clothing overlays. By bringing these oft-overlooked yet critical performance factors to the center of attention, this work presents a more inclusive evaluation method expressly tailored for deployable, interactive virtual try-on systems. It calls for extending traditional image quality metrics to encompass real-world usability and interaction, and offers valuable information for both current deployment and future research in the field.





[bookmark: _Toc198030797]



[bookmark: _Toc197967604][bookmark: _Toc198030798]CONCLUSION AND RECOMMENDATIONS



[bookmark: _Toc198030799]Admin Panel Module
[image: ]
[bookmark: _Toc198030936]Figure 6.1 Admin Panel Module

1. Admin can add new products from here.
2. It shows all the previous orders that have been made by the users.
3. Through this you can update a product or delete an existing product.
4. You can track the products which are dispatched with courier.
5. You can maintain inventory of your products.
6. You can assign products to the courier that need to be dispatched.
7. It shows the all the sales that have been made in the past.
8. You can create new promotions and expire them.
9. Track the user login activity through graph.
[bookmark: _Toc198030800]Admin Inventory Management Module
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[bookmark: _Toc198030937]Figure 6.2 Admin Inventory Management Module

Through this the admin can maintain its inventory of the store

1. It shows the available products in the inventory and you can maintain their amount.
1. Add new product to the inventory.


[bookmark: _Toc198030801]Admin Order Management Module
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[bookmark: _Toc198030938]Figure 6.3 Admin Order Management Module
Through this the Admin can monitor the orders that are:

1. Being processed.
1. Are confirmed.
1. In preparation.
1. Ready for delivery.
1. Assigned for delivery.

[bookmark: _Toc198030802]Admin Delivery Reports Module
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[bookmark: _Toc198030939]Figure 6.4 Admin Delivery Reports Module

1. Total orders that have been made until now.
1. The number orders delivered successfully.
1. Total revenue that have been generated from the sales.
1. List of orders that have been delivered along with the details of the user who made the purchase.


[bookmark: _Toc198030803]Admin Promotion Creation Module
[image: ]
[bookmark: _Toc198030940]Figure 6.5 Admin Promotion Creation Module
1. Add the title of the promotion.
1. Set the discount type of the promotion.
1. Set the discount percentage.
1. Set the start date of the promotion/discount.
1. Set the end date of the promotion/discount.
1. Button to confirm whether to activate it or not.
1. Button to confirm if it has to be applied to all the available products.
1. Enter the promo code and enter the generate button.
1. Add the description of the promotion/discount (optinal).
1. Create promotion button to create this promotion.


[bookmark: _Toc198030804]User Product Filter Module
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[bookmark: _Toc198030941]Figure 6.6 User Product Filter Module

1. Select the size of the product.
1. Set the price range.
1. Apply the filter.
1. Clear filter.


[bookmark: _Toc198030805]Product Try-On Options Module
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[bookmark: _Toc198030942]Figure 6.7 Product Try-On Options Module

1. Add the product to the cart.
1. Directly buy the product by moving to payment module.
1. Try the Product on yourself in real-time.
1. Try the product by applying it on your image. 

[bookmark: _Toc198030806]User VTO Image Module  
[image: ]
[bookmark: _Toc198030943]Figure 6.8 User VTO Image Module
1. Your image standing in front of a camera.
1. The product you selected to try on virtually.
1. VTO button to show result.

[bookmark: _Toc198030807]User Order Summary Module
[image: ]
[bookmark: _Toc198030944]Figure 6.9 User Order Summary Module

This Module shows the summary of the purchase the user did lastly.
1. You can track your order.
1. Continue shopping on the application.

[bookmark: _Toc198030808]User Order Tracking Module
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[bookmark: _Toc198030945]Figure 6.10 User Order Tracking Module

This Module assist the user in tracking the order of the product he/she purchased and haven’t received yet.

[bookmark: _Toc198030809]Conclusion
The Virtual Try project solves a core problem in online fashion shopping: the fact that customers cannot try on clothes before buying. Through the integration of real-time pose estimation and image processing algorithms, the project provides a light, cross-platform mobile app that enables users to see clothes on their bodies using only a live camera stream. The system employs MediaPipe Pose for landmark detection, Blob Detection for region segmentation, and Kalman Filter for smoothing landmark positions, all of which coalesce to create a smooth and responsive virtual try-on experience. During development, the project prioritized mobile compatibility, performance optimization, and usability throughout the development process. One major innovation was integrating real-time garment overlays without heavy machine learning stacks or depth cameras. Instead, a combination of computer vision optimized for efficiency and mobile architecture delivered performance even on mid-range smartphones. Backend architecture, constructed with Firebase and supported by Flask, WebSockets, and Ngrok, allowed remote garment streaming, user login, order tracking, and secure payment handling. Testing revealed consistent pose detection reliability (100%), average frame rate at 14.26 FPS, and overlay misalignment was kept below 5%, ascertaining the responsiveness and accuracy of the system. Further, user incentive mechanisms—like presenting a 10% discount per cart introduced an engagement framework in lieu of intricate review or recommendation engines. By providing an accessible and scalable virtual try-on platform, Virtual Try facilitates online shopping experience as well as works towards decreasing return rates and generating customer trust in online purchases. The project is a real, functional demonstration of applying computer vision, mobile application development, and AR concepts, carefully crafted to fit the limitations of devices being used on a daily basis.
[bookmark: _Toc198030810]Future Work
Even though Virtual Try efficiently delivers a functional virtual try-on experience, there are several avenues for future innovation to increase realism, personalization, and system scalability:

Garment Fit Prediction
Currently, the system is vision-optimized overlay and alignment. Additional releases will include AI-capable prediction models based on body measurements and customer profiling. With attributes of height, width, and shoulder length, the system would provide best-fitting sizes along with potential fit issues before customers place orders.

3D Garment Simulation:
Clothing is currently shown as 2D overlays. Future implementations can add the ability to include 3D garment models with built-in support for fabric physics simulation—so cloth will drape, fold, and flow naturally based on user input. This would make a huge difference in realism, especially for baggy or layered clothing such as coats and dresses.

GAN-based Texture Mapping:
Generative Adversarial Networks (GAN) research would be used to optimize blending of textures and support fitting garments to varying lighting conditions and body shapes more accurately. This would remove flat overlays and support realistic cloth interaction.

Dynamic Lighting and Shadow Effects:
Including real-time lighting adjustment according to environment sensing would make shadows and textures react to ambient conditions, offering a more unified view of the garments in the real-world image.

Voice and Gesture Control:
Including voice or hand gesture activation to the UI could offer hands-free operation, beneficial for accessibility or convenience of rapid clothing change.


Virtual Assistant Integration:
A revised version could include a virtual shopping assistant driven by AI that helps consumers pick clothes based on liking, experience, trending items, or occasion-based suggestions (e.g., interview wear).

Multi-Garment Layering:
Supporting layered dressing (e.g., shirt + jacket + scarf) would be consistent with how clothes are put together in the real world and offer more styling freedom.

Cloud-Based Optimization and Offline Mode:
Scaling backend infrastructure to take advantage of distributed computing or edge AI would enable heavy rendering workloads to shift to the cloud or local edge devices.In addition, a finite offline mode would enable preview of cached clothes even without internet connection.

User Ratings and Feedback System:
Whereas the flat discount system currently employed is used to increase engagement, subsequent versions may incorporate a basic user feedback system, allowing clothing ratings and reviews to guide both catalogue optimization and users.

Vendor Dashboard and Analytics:
A B2B add-on may provide clothing vendors with the ability to upload, maintain, and monitor product performance through a special dashboard, incorporating analytics for engagement, try-on frequency, and conversion rates.
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