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      Abstract—Online fashion e-commerce has experienced rapid growth in recent years; however, the absence of physical try-on facilities remains a major drawback for customers. Users often struggle to visualize how garments will fit their body shape, posture, and color preferences, leading to dissatisfaction and increased return rates. To overcome these challenges, this paper presents an AI-based Virtual Wardrobe Experience system that enables realistic and personalized virtual clothing try-on using deep learning and augmented reality technologies. The proposed system allows users to upload a full-body image or use a live camera feed to virtually try garments with customizable colors. The system integrates PoseNet for accurate human pose estimation, Detectron2 and Graphonomy for fine-grained garment segmentation, and the HR-VITON framework for high-resolution garment warping and synthesis. Color customization is performed using pixel-level transformations while preserving garment texture and illumination. An AR overlay module blends the synthesized garment with the original image to provide a realistic try-on experience.The system was evaluated using precision, recall, F1-score, confusion matrix, and ROC-AUC analysis. Experimental results show improved segmentation accuracy and visually convincing try-on outputs. The proposed approach demonstrates strong potential for enhancing online shopping experiences and reducing product return rates in fashion e-commerce platforms.
Introduction 
The fashion retail industry has undergone a significant transformation due to the rapid adoption of online shopping platforms. While e-commerce offers convenience and accessibility, it lacks the physical interaction that traditional retail provides. One of the most prominent challenges faced by online fashion consumers is the inability to accurately assess garment fit, appearance, and color compatibility before making a purchase decision. This limitation often results in customer dissatisfaction and high return rates, which negatively impact both consumers and retailers.
Traditional online shopping systems rely on static images and size charts, which fail to capture variations in human body posture, shape, and movement. Even advanced size recommendation systems do not provide a visual representation of how a garment will appear on a specific individual. As a result, there is a growing demand for intelligent systems that can deliver realistic and personalized virtual try-on experiences.
Recent advancements in artificial intelligence, particularly in deep learning and computer vision, have paved the way for virtual try-on systems. Techniques such as pose estimation, semantic segmentation, and generative adversarial networks (GANs) have enabled the synthesis of realistic garment images aligned with human posture. However, many existing systems still suffer from poor segmentation accuracy, limited customization options, and lack of real-time interactivity.The proposed approach aims to deliver realistic visualization, enhance user engagement, and provide a practical solution for modern fashion e-commerce platforms.This paper propses a Virtual Wardrobe Experience with AI, which combines pose estimation with deep learning based try on synthesis, color custimization, and AR overlay into a unified system.
Literature Review
Virtual clothing try-on systems have emerged as an important research area due to the rapid growth of online fashion retail and the increasing demand for immersive shopping experiences. Traditional e-commerce platforms rely heavily on static product images and size charts, which fail to provide users with a realistic understanding of garment fit, posture alignment, and color appearance. This limitation has motivated researchers to explore computer vision and deep learning techniques for virtual try-on applications. Early virtual try-on systems were primarily based on 2D images overlay methods, where garment images were superimposed onto user photographs. Although computationally simple, these approaches lacked realism and failed to account for body pose, shape variations, and occlusions. As a result, the generated outputs often appeared unnatural and inaccurate, limiting their practical usability. With advancements in deep learning, several image-based virtual try-on frameworks have been proposed. The VITON framework introduced a generative adversarial network (GAN)-based approach that warps garments according to the user’s pose[1]. While VITON improved alignment accuracy, it suffered from blurred outputs and loss of fine texture details. To overcome these limitations,CP VITON separated garment deformation and image synthesis into two distinct stages, enabling better structural alignment. However, CP-VTON struggled with high-resolution image generation and complex occlusions. The HR-VITON framework significantly advanced the field by supporting high-resolution virtual try-on while preserving fabric textures and fine-grained details[3]. By employing a pose-guided warping mechanism and refined generator architecture, HR-VITON reduced common artifacts such as misalignment and pixel distortion. Despite its effectiveness, HR-VITON relies heavily on accurate pose estimation and segmentation, making the quality of these preprocessing steps critical. Human pose estimation plays a central role in virtual try-on systems, as it enables garments to align naturally with body posture. Techniques such as OpenPose and PoseNet have been widely adopted for extracting body keypoints. Among them, PoseNet is computationally efficient and suitable for real-time applications, making it ideal for interactive systems. Accurate pose estimation ensures that garments deform realistically during synthesis. Garment segmentation is another essential component of virtual try-on pipelines. Models such as Graphonomy and Detectron2 have been used to achieve pixel-level segmentation of clothing regions[5],[6]. These models improve boundary detection and prevent background interference during garment synthesis. However, segmentation accuracy can degrade under poor lighting conditions or complex clothing patterns. Color customization in virtual try-on systems has received relatively limited attention in existing research. Most approaches display garments in their original colors, restricting user interaction. Some studies have explored color transfer techniques, but maintaining texture, shadows, and illumination consistency remains a challenge. Additionally, many existing systems lack augmented reality (AR) integration, which limits real-time user engagement. From the existing literature, it is evident that most virtual try-on systems focus primarily on garment fitting and alignment, while offering limited support for interactive color customization and AR-based visualization Furthermore, many approaches are either computationally expensive or unsuitable for real-time deployment. There is a clear need for a unified modular systemthat combines pose estimation, garment segmentation, deep learning-based try-on, color customization, and AR overlay in a single pipeline. Motivated by these gaps, the proposed system integrates Posenet for pose estimation, Detectron2, and Graphonomy for Garment Segmentation[5], [6], HR-VITON for realistic garment synthesis,pixel level color customization, and AR overlay unified approach aims to improve realism, user interaction, and overall shopping experience, making it more suitable for practical e-commerce applications.
Methodlogy
Proposed  Architecture
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Fig 1 : Project Architecture
The architecture of the proposed Virtual Wardrobe Experience system is designed as a modular and sequential pipeline that integrates computer vision, deep learning, and augmented reality techniques to generate realistic virtual try-on results. The system follows a layered approach in which each module performs a specific task and passes its output to the subsequent stage. This modular design improves scalability, maintainability, and ease of integration with real-world e-commerce platforms. The workflow begins with the image acquisition module, where the user uploads a full-body image through a web-based interface. The uploaded image undergoes preprocessing operations such as resizing, normalization, and format conversion to ensure compatibility with downstream deep learning models. Proper preprocessing is essential to maintain consistent input dimensions and reduce noise, which directly affects model performance. The preprocessed image is then passed to the pose estimation module, which employs PoseNet[4] to detect key human body joints, including shoulders, elbows, hips, knees, and ankles. These keypoints provide spatial and structural information about the user’s posture, which is critical for aligning garments realistically. Accurate pose estimation ensures that the garment deforms naturally according to body orientation and movement. Following pose estimation, the garment segmentation module isolates clothing regions using deep learning-based segmentation models such as Detectron2 and the Graphonomy models[5],[6].This generates pixel-level segmentation masks that separate garments from the background and body parts. Precise segmentation minimizes visual artifacts and prevents background interference during the virtual try-on synthesis stage. The virtual try-on engine forms the core of the system architecture.The HR-VITON framework[3],which leverages pose-guided garment warping and deep neural networks to synthesize realistic try-on images.The engine combines pose information, segmentation masks, and customized garment data to generate a high-quality output that aligns with the user’s body shape and posture. Finally, the AR overlay module blends the synthesized garment image with the original user image using alpha compositing techniques. This step ensures seamless integration of the garment into the scene, maintaining visual consistency in terms of lighting and background. The final output is displayed to the user through the interface, completing the virtual try-on process. Overall, the proposed architecture provides an efficient and unified framework for virtual clothing visualization. By combining pose estimation, garment segmentation, color customization, deep learning-based synthesis, and AR overlay, the system delivers realistic, interactive, and user-centric virtual try-on experiences suitable for modern online fashion platforms. Preprocessing of the input images is essential for ensuring that the model can effectively interpret the data. The person image might undergo normalization to adjust for variations in lighting, scale, and posture. This helps in standardizing the images so that the model can work under diverse conditions.
Dataset Description

The proposed Virtual Wardrobe Experience system was trained and evaluated using publicly available fashion and human image datasets that contain paired person images and corresponding garment images. These datasets are commonly used in virtual try-on research and provide diverse variations in body posture, clothing styles, colors, and background conditions. The use of standard datasets ensures fair evaluation and allows comparison with existing approaches.

	Dataset Type
	Class
	Number of Images

	
Person  Image Dataset
	
Full body Human Images
	
1200

	


Garment Image Dataset


	


Clothing Image for pose estimation
	


1000


                              Table 1: Dataset Description

Pixel-level garment segmentation masks were utilized to train and evaluate the segmentation module, enabling accurate isolation of clothing regions. Pose annotations corresponding to person images were used to extract key body joints required for realistic garment deformation. All images were resized to a fixed resolution and augmented using techniques such as horizontal flipping, scaling, and brightness adjustment to increase dataset diversity. The dataset was divided into training, validation, and testing subsets to ensure unbiased evaluation of system performance.
Expermintal Setup

The experimental evaluation of the proposed Virtual Wardrobe Experience system was conducted in a controlled computing environment to ensure reproducibility and fair assessment of performance. The system was implemented using Python and deep learning frameworks, with all experiments performed on a local machine configured for both CPU and optional GPU execution. The hardware configuration used for experimentation included an Intel Core i5 or AMD Ryzen 5 processor, 8 GB of RAM, and NVIDIA GPU support for accelerated model inference. For Apple Silicon-based systems, CPU-based execution was employed. A minimum of 50 GB of free disk space was allocated to store datasets, intermediate outputs, and generated try-on results. A stable broadband internet connection was used for dependency management and dataset access.On the software side, the system was developed using Python 3.x. Deep learning models were implemented using the PyTorch framework, which provided flexibility for model loading and inference. Image preprocessing operations such as resizing, normalization, and format conversion were performed using OpenCV and the Python Imaging Library. The user interface was developed using Streamlit, enabling interactive image upload, color selection, and result visualization.For pose estimation, the PoseNet model was employed due to its computational efficiency and suitability for real-time applications. Garment segmentation was performed using Detectron2 and Graphonomy models, which generated accurate pixel-level segmentation masks. The virtual try-on synthesis was implemented using the HR-VITON framework, which supports high-resolution garment warping and realistic image generation.During experimentation, input images were resized to a fixed resolution to ensure compatibility across all models. Inference was performed sequentially through the pose estimation, segmentation, color customization, and virtual try-on modules. The final AR overlay results were rendered and displayed to the user in real time. Model evaluation was conducted on a held-out test set to ensure unbiased performance measurement. This experimental setup provides a balanced environment that supports both accuracy and efficiency, enabling realistic evaluation of the proposed virtual clothing try-on system under practical deployment conditions. 
Mathematical Model

This section presents the mathematical formulation of the proposed virtual clothing try-on system. The system integrates pose estimation, garment segmentation, color customization, deep learning-based virtual try-on synthesis, and augmented reality overlay into a unified pipeline. Each component is modeled mathematically to explain its role in generating realistic try-on results. Let the input person image be represented as   where H and W denote the height and width of the image, respectively. Similarly, the garment image is represented as: Pose estimation is performed using the PoseNet model[4], which extracts a set of human body keypoints from the input image. The output of the pose estimation module is defined as:  where (x_i, y_i) represent the spatial coordinates of the i-th body joint, c_i denotes the confidence score of the detected joint, and N is the total number of body joints. These keypoints provide essential structural information for aligning garments according to the user’s posture. Garment segmentation is carried out using deep learning-based semantic segmentation models such[5],[6]. The segmentation mask is defined as  and 
This mask isolates the clothing region from the background and human body, enabling accurate garment warping and synthesis. Color customization is achieved through pixel-level color transformation. Let the original garment color be C_o and the user-selected color be C_s. The customized color is computed as:  .The virtual try-on synthesis is performed using the HR-VITON framework[3]. The generator employs residual learning, expressed as: y = F(x) + x. where x represents the input feature map and F(x) denotes the learned residual transformation. This formulation improves gradient flow and stabilizes the network trainingTo enhance non-linearity and convergence, a modified activation function is used. The sinh-GELU activation function is defined  .The activation function improves the feature representation and preserves the fine garment details during synthesis.Finally, the augmented reality overlay module blends the synthesized try-on image with the original person image. The final output image is obtained using alpha blending:. where β ∈ [0,1] controls transparency and blending consistency. This ensures seamless integration of the garment with realistic lighting and background preservation. The mathematical formulation demonstrates how each module contributes to generating a realistic and personalized virtual try-on result for better analysis.
Results AND DISCUSSIONS
A.Precision

	
Model
Name
	
Person
Segmentation
	
Garment
Segmentation
	
Pose
Alignment
	
Overall
Precision

	U-Net
	0.94
	0.92
	0.90
	0.91

	DeepLabv3+
	0.96
	0.95
	0.93
	0.94

	Mask R-CNN
	0.97
	0.96
	0.94
	0.95

	VITON
	0.95
	0.94
	0.95
	0.96

	CP-VITON
	0.96
	0.95
	0.96
	0.97

	Propsed HR- VITON Model
	0.98
	0.97
	0.98
	0.98


                             Table 2 : Precision 

The precision metric is used to evaluate the correctness of the virtual clothing try-on system by measuring the proportion of correctly generated garment regions among all predicted garment regions. A higher precision value indicates that the system produces fewer false positive overlays, ensuring that the synthesized clothing aligns accurately with the target body region without unnecessary artifacts. From the obtained results, it can be observed that the proposed custom model achieves consistently high precision across all evaluated categories, demonstrating its robustness in garment alignment and texture preservation. Compared to baseline deep learning models, the custom model shows improved performance in handling complex clothing patterns and variations in human posture. This improvement is mainly attributed to the integration of pose estimation, garment segmentation, and the HR-VITON-based synthesis pipeline.
The high precision values indicate that the system effectively minimizes incorrect garment placement and visual distortions during the virtual try-on process. This confirms the reliability of the proposed approach for realistic and user-specific clothing visualization, making it suitable for real-world virtual wardrobe and e-commerce applications.The proposed HR-VITON model demonstrates superior recall performance across all stages of the virtual try-on pipeline. Higher recall values indicate effective recovery of relevant garment and pose features, reducing missed detections and ensuring complete and realistic try-on synthesis.
0. Recall
	
Model
Name
	
Person
Segmentation
	
Garment
Segmentation
	
Pose
Alignment
	
Overall
Recall

	U-Net
	0.93
	0.91
	0.89
	0.90

	DeepLabv3+
	0.95
	0.94
	0.92
	0.93

	Mask R-CNN
	0.96
	0.93
	0.93
	0.94

	VITON
	0.94
	0.95
	0.94
	0.95

	CP-VITON
	0.95
	0.92
	0.95
	0.96

	Propsed HR- VITON Model
	0.97
	0.96
	0.97
	0.98


                                  Table 3 :Recall
The recall metric is used to measure the ability of the virtual clothing try-on system to correctly identify and generate all relevant garment regions present in the input images. Recall focuses on minimizing false negatives, ensuring that important clothing areas are not missed during pose alignment, segmentation, and synthesis. The experimental results show that the proposed custom model achieves high recall values across all evaluated categories, indicating its effectiveness in capturing complete garment structures during the try-on process. This performance demonstrates that the system successfully preserves essential clothing details even under variations in body pose, garment shape, and image resolution. Compared to conventional deep learning architectures, the proposed approach exhibits improved robustness in handling occlusions and complex garment boundaries. High recall values confirm that the system rarely omits relevant garment regions, leading to more complete and visually accurate try-on outputs. This is particularly important for augmented reality-based applications, where missing or incomplete garment regions can significantly degrade user experience. Overall, the recall results validate the effectiveness of the proposed framework in generating comprehensive and realistic virtual clothing try-on results.

F1-score

	
Model
Name
	
Person
Segmentation
	
Garment
Segmentation
	
Pose
Alignment
	
Overall
F1-Score

	U-Net
	0.93
	0.91
	0.90
	0.90

	DeepLabv3+
	0.95
	0.94
	0.92
	0.94

	Mask R-CNN
	0.96
	0.95
	0.93
	0.95

	VITON
	0.94
	0.93
	0.95
	0.94

	CP-VITON
	0.95
	0.94
	0.96
	0.95

	Propsed HR- VITON Model
	0.98
	0.97
	0.98
	0.98


                                     Table 4 : F1-score

The F1-score is used as a comprehensive performance metric that balances both precision and recall, providing a single measure of the system’s accuracy and completeness. It is particularly useful in evaluating the virtual clothing try-on system, where both correct garment detection and complete garment coverage are equally important for realistic output generation. A higher F1-score confirms that the proposed system maintains an effective trade-off between precision and recall, resulting in visually coherent and reliable virtual try-on outputs. These results validate the robustness of the proposed framework and highlight its suitability for real-world applications such as virtual wardrobe systems and online fashion retail platforms. The experimental results indicate that the proposed HR-VITON-based model achieves a high F1-score across all evaluated modules, including garment segmentation, pose alignment, and try-on synthesis. This reflects the system’s ability to accurately identify garment regions while simultaneously minimizing missed detections. Compared to baseline models, the proposed approach demonstrates improved consistency in handling diverse clothing styles, complex textures, and variations in human posture.The high F1-score obtained by the proposed system demonstrates a balanced performance between precision and recall, ensuring accurate and complete garment synthesis during the virtual try-on process.

Confusion Matrix

[image: ]
Tab 5 : Confusion Matrix

The confusion matrix illustrates the pixel-level classification performance of the proposed virtual clothing try-on system for garment segmentation. The matrix compares the predicted garment mask against the ground truth mask by categorizing pixels into garment and background classes. A high concentration of values along the diagonal indicates that the majority of pixels are correctly classified, demonstrating the effectiveness of the segmentation model in distinguishing garment regions from the background. The low number of false positive and false negative pixels shows that the system produces minimal segmentation errors while preserving garment boundaries. False positives mainly occur near garment edges due to illumination variations and texture similarities, whereas false negatives are observed in regions with complex folds or occlusions. Overall, the confusion matrix confirms that the proposed system achieves reliable segmentation accuracy, which directly contributes to improved alignment and realism in the virtual try-on results. The results obtained from the confusion matrix further emphasize the robustness of the proposed segmentation framework under diverse clothing appearances and body postures. The dominance of true positive and true negative values reflects the system’s ability to consistently identify garment regions while suppressing background noise. This balanced performance indicates that the segmentation model generalizes well across different garment shapes and textures, which is essential for achieving visually coherent virtual try-on synthesis. Consequently, accurate segmentation ensures smoother garment warping and seamless blending in the augmented reality overlay stage, enhancing the overall realism and user experience of the virtual try-on system. In addition, the confusion matrix analysis highlights the stability of the proposed model across both foreground and background classes. 
Model training & Validation Accuracy
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Graph 1 : Model training & Validation Accuracy

The training and validation accuracy graph shows that both accuracy curves went up pretty quickly and then leveled off after a few epochs. The training accuracy almost hit 100%, and the validation accuracy stayed high at around 98%. This suggests that the model learned really well and didn’t overfit much.
Final Model Training & Validation Loss
[image: ]
              Graph 2 :Final Model Training & Validation loss

From the training and validation loss graph, we can see that both losses drop quickly in the first few epochs and then level off at very low values. The training loss almost goes to zero, while the validation loss stays a bit higher but still stable. This basically shows that the model learned well, didn’t overfit much, and is generalizing properly. it is evident that the accuracy improves consistently during the early stages of training and stabilizes after several epochs. The training accuracy reaches a high level, and the validation accuracy follows a similar trend with only a marginal difference. This close alignment between training and validation accuracy confirms that the model has learned representative features and maintains reliable performance across both training and validation datasets.
conclusions
The virtual try-on project has successfully demonstrated the potential of using deep learning techniques to simulate the process of trying on clothes digitally. By combining image processing, feature extraction, and spatial transformation, the system allows users to visualize clothing items on their own avatars or images, enhancing the online shopping experience. The project follows a streamlined approach where users can easily upload their images—both of themselves and the clothing they wish to try on—without the need for complex setups like login or user accounts. This simplicity ensures accessibility and ease of use, making the system convenient for a wide range of users. Through the integration of robust algorithms and machine learning models, the clothing item is accurately fitted onto the person's body in the image, factoring in pose alignment, body shape, and size adjustments. Throughout the development and testing phases, the system has been tested across a variety of cases including image upload functionality, clothing fit accuracy, and error handling, which have all passed successfully. The system’s ability to handle different image formats, pose variations, and clothing sizes showcases its versatility and robustness. While the current iteration of the system achieves solid results in terms of functionality and usability, there is still room for improvement. Further enhancements could include refining the clothing fitting algorithm for even more realistic results, improving the accuracy of pose estimations, and expanding the range of supported clothing types and materials. The results obtained from the confusion matrix further emphasize the robustness of the proposed segmentation framework under diverse clothing appearances and body postures. The dominance of true positive and true negative values reflects the system’s ability to consistently identify garment regions while suppressing background noise. This balanced performance indicates that the segmentation model generalizes well across different garment shapes and textures, which is essential for achieving visually coherent virtual try-on synthesis.The virtual try-on project shows how deep learning can simulate trying clothes digitally. it combines image processing, feature extraction, and spatial transformation to let users see clothes on their own images. the system is simple to use, allowing image uploads without login, making it accessible to many users. the model fits clothing accurately by considering pose, body shape, and size. testing shows good performance in image upload, fitting accuracy, and error handling.
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