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Abstract
The inability to physically evaluate garments remains a major limitation in online clothing commerce.
Customers often depend on static product images and generalized sizing charts, which do not
accurately represent individual body proportions. This frequently leads to uncertainty during purchase
decisions and increased product return rates. To address this limitation, this research proposes a web-
based clothing e-commerce platform integrated with an intelligent virtual try-on mechanism. The
system allows users to upload their images and digitally simulate selected garments using pose
detection, semantic segmentation, geometric garment transformation, and adversarial image
refinement techniques. MediaPipe is used for body landmark extraction, the U-Net architecture
performs body region segmentation, and spatial transformation networks align garments with detected
body structures. A generative adversarial network enhances the realism of the synthesized output. The
platform is developed using the MERN (MongoDB, Express.js, React, and Node.js.) stack to ensure
scalability, secure authentication, and efficient API communication. Experimental evaluation confirms
that the integration of deep learning-based try-on functionality maintains acceptable response time
while improving user personalization. The proposed solution demonstrates the feasibility of combining
artificial intelligence with scalable web architecture to enhance digital apparel shopping experiences.

Keywords: Virtual try-on, Al in e-commerce, online clothing store, image processing, MERN stack,
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INTRODUCTION

With the rapid expansion of digital commerce, the fashion retail industry has undergone a significant
transformation. Despite this growth, online platforms continue to face challenges in replicating the in-
store shopping experience, particularly in enabling customers to visualize how garments will appear on
their own bodies. The absence of physical trials often results in uncertainty regarding fitness, texture,
and overall appearance, which contributes to dissatisfaction and increased product return rates. Most
existing e-commerce platforms rely heavily on static product images, predefined size charts, and limited
model representations, which restrict personalization and reduce consumer confidence.

Recent advances in computer vision and deep learning have introduced image-based virtual try-on
(VTO) systems as a promising solution to this problem. Early work, such as VITON, demonstrated the
feasibility of aligning garments with human body
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approaches for more realistic synthesis [3].
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consistency, producing more visually accurate
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visualization systems in digital retail environments.
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Recent studies have focused on improving fidelity, segmentation accuracy, and pose alignment.
Collaborative parsing-based models, such as HP-VTON, have enhanced structural realism by
integrating human parsing techniques [5—9]. Deep learning-based virtual dressing systems presented at
international conferences have demonstrated improvements in real-time performance and garment
mapping precision [10, 11]. Comprehensive surveys have confirmed that VTO technologies are
evolving rapidly, integrating generative adversarial networks (GANSs), pose transfer models, and feature
representation techniques to improve realism and scalability [12]. Additionally, pose transfer and
recurrent generation models have enabled more flexible garment adaptation under varying body
positions and orientations [13]. Practical implementations of virtual dressing room applications further
validate the commercial viability of such systems in consumer electronics and retail domains [14].

Motivated by these technological advancements, this project proposes an Al-powered e-commerce
clothing platform integrated with a VTO feature. The system is developed using the MERN stack:
MongoDB for database management, Express.js and Node.js for backend services, and React.js for
frontend user interaction, ensuring scalability and efficient client—server communication. The platform
incorporates image processing and deep learning frameworks, such as OpenCV, TensorFlow, and
MediaPipe, to perform body landmark detection, garment alignment, and overlay generation in near
real time [15-19].

In addition to VTO functionality, the platform includes intelligent product filtering, personalized
recommendation mechanisms, user authentication and account management, secure payment
processing, and responsive cross-device compatibility. By combining artificial intelligence techniques
with modern web technologies, the proposed system aims to enhance personalization, increase
consumer trust, and reduce return rates in online fashion retail. This integration of advanced vision-
based garment synthesis with a scalable web architecture represents a progressive step toward
immersive and user-centric digital shopping experiences.

PROBLEM STATEMENT

Despite rapid advancements in online retail technology, the fashion e-commerce sector continues to
experience high product return rates. One of the primary causes of returns is incorrect size selection and
dissatisfaction with the garment appearance after delivery. Customers typically rely on product
photographs featuring professional models that do not accurately represent diverse body shapes and
proportions. Standardized sizing charts also fail to account for variations in body structure, fabric
stretchability, and garment design.

This lack of personalized visualization results in hesitation during purchasing decisions and reduces
customer trust in digital platforms. Additionally, high return rates increase retailers’ operational costs,
including logistics expenses, product handling, and restocking losses. Existing e-commerce systems
primarily focus on product catalog management and transaction processing rather than realistic garment
visualization.

Although research prototypes, such as VITON [1] and CP-VTON+ [4], have demonstrated promising
results in controlled experimental environments, many systems are not fully integrated into scalable
commercial platforms. Therefore, a comprehensive solution that combines deep learning-based garment
synthesis with a robust full-stack e-commerce infrastructure is needed.

The proposed system addresses this gap by integrating an Al-powered VTO engine within a scalable
web-based shopping ecosystem, thereby enabling users to make more informed purchasing decisions.

LITERATURE REVIEW
The development of image-based VTO systems has evolved significantly with the advancements in
deep learning and computer vision techniques. Early research in this domain focused on synthesizing
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realistic garment overlays on static human images while preserving body pose and garment texture. One
of the pioneering works, VITON, introduced a coarse-to-fine framework that employed a geometric
matching module and a refinement network to align clothing items with a target human body image [1].
This approach demonstrated that convolutional neural networks could effectively model garment
deformation and spatial transformation. However, texture distortion and misalignment under complex
poses remain challenges.

To address these limitations, characteristic-preserving VTO networks have been proposed to enhance
texture retention and fine-detail reconstruction [2]. These methods incorporate improved feature
extraction mechanisms and spatial transformation layers to better preserve garment patterns. Similarly,
GAN-based architectures, such as FW-GAN, have introduced flow-guided warping mechanisms to
improve realism in both image- and video-based try-on applications [3]. These systems enhance visual
consistency and reduce unnatural artifacts by leveraging adversarial training; however, they increase
computational complexity.

Further improvements were introduced through CP-VTON+, which emphasized clothing shape and
texture preservation during image synthesis [4]. This framework utilizes a more refined warping
strategy in combination with segmentation masks to achieve higher alignment accuracy. The integration
of shape-aware modules significantly reduces garment boundary distortion. However, challenges
related to body occlusion and extreme pose variations persist.

High-fidelity try-on systems, such as HP-VTON, have integrated collaborative human parsing
techniques to enhance structural realism [5]. By combining semantic segmentation with garment
warping, the model improved the alignment between clothing regions and body parts. This approach
demonstrated that incorporating human body parsing can substantially improve fitting accuracy and
visual plausibility.

Deep learning-based VTO systems presented at international conferences have further explored real-
time deployment and consumer-level implementation [10, 11]. These systems have focused on
improving inference speed while maintaining visual fidelity, making them more practical for e-
commerce integration. Feature representation enhancement and Multiscale learning strategies have
been introduced to improve garment adaptation under varying lighting and pose conditions.

Comprehensive surveys of deep learning approaches in VTO systems indicate that GANs, pose
transfer networks, and attention-based feature mapping techniques dominate current research trends
[12]. These surveys highlight ongoing challenges, including scalability, generalization across diverse
body types, and computational efficiency. The integration of pose transfer models and recurrent
generation techniques has enabled flexible garment adaptation across multiple body orientations and
movements [13, 20-22]. Such models support more dynamic try-on experiences; however, they often
require extensive training datasets and high-performance hardware.

Practical implementations of virtual dressing room applications have demonstrated the commercial
feasibility of these systems in consumer electronics and retail environments [10, 23-25]. These
applications emphasize usability, real-time interaction, and system responsiveness, aligning technical
research with real-world deployment requirements [26-28].

Despite significant advancements, existing systems still face challenges related to real-time
performance, scalability, and seamless integration with full-stack e-commerce platforms. Most research
has primarily focused on algorithmic garment synthesis rather than deployment within a complete
shopping ecosystem. Therefore, the proposed Al-powered e-commerce clothing platform extends prior
work by integrating deep learning-based garment alignment techniques within a scalable MERN stack
architecture. By combining virtual try-on functionality with intelligent product filtering, secure payment
integration, and personalized recommendation systems, the present work bridges the gap between
experimental VTO research and practical commercial implementation.
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SYSTEM ARCHITECTURE

The overall architecture of the proposed Al-powered e-commerce platform with VTO is illustrated
in Figure 1. The system follows a modular client—server architecture integrated with a deep learning-
based VTO engine. The frontend layer, developed using React.js, provides user interaction modules,
including login, signup, product browsing, and image upload functionalities. Communication between
the frontend and backend components is handled using REST APIs. The backend layer, implemented
using Node.js and Express.js, manages user authentication, product services, order processing, and try-
on request handling. MongoDB is used as the primary database for storing user credentials, product
details, and transaction data. Secure authentication is maintained using JWT-based authorization
mechanisms.

The VTO processing module integrates deep learning techniques inspired by image-based try-on
frameworks, such as VITON [1] and CP-VTON+ [4], which utilize garment warping and texture
preservation strategies. The pose estimation and segmentation components align with the approaches
discussed in recent deep learning-based VTO systems [10, 12]. The architecture incorporates pose
estimation and U-Net-based segmentation models to ensure accurate garment alignment and realistic
overlay generation, consistent with methods proposed in prior research [2, 5]. GAN-based refinement
techniques improve visual realism during final image synthesis [3].The system workflow begins with
user image upload, followed by pose detection and garment alignment within the VTO engine. The
processed try-on image is then returned to the frontend for visualization. This modular architecture
ensures scalability, maintainability, and efficient real-time garment rendering capabilities.

METHODOLOGY

The proposed Al-powered VTO system follows a structured deep learning pipeline that integrates
computer vision techniques with scalable web technologies. The methodology begins with user image
acquisition through a frontend interface, in which the uploaded image is preprocessed using OpenCV
to ensure consistent resolution, normalization, and noise reduction. Image normalization improves
detection accuracy and reduces computational variability during model inference. After preprocessing,
human pose estimation is performed using MediaPipe based landmark detection models, which extract
key skeletal points, such as shoulders, necks, hips, and torso boundaries. Accurate pose detection is
essential for garment alignment and is consistent with pose-guided alignment strategies used in earlier
image-based virtual try-on frameworks, such as VITON [1] and CP-VTON+ [4].

Following pose estimation, human parsing and segmentation techniques are applied to separate body
regions from the background. A U-Net-based segmentation architecture is employed to generate
semantic masks for the upper body, lower body, and background regions. Human parsing improves
garment placement precision and reduces boundary distortions, similar to collaborative parsing
approaches introduced in HP-VTON [5]. The segmented body structure enables spatial mapping
between garment images and corresponding body regions.

The next stage involves garment warping and geometric transformations. The selected clothing image
is processed using spatial transformation networks that adjust the scale, orientation, and perspective to
align with the detected body landmarks. Warping mechanisms inspired by characteristic-preserving
networks [2] and GAN-based flow-guided transformation models, such as FW-GAN [3], are used to
maintain garment texture and structural consistency. These transformation modules ensure that clothing
conforms naturally to body posture while preserving visual details, such as folds and patterns.

After alignment, an image synthesis and refinement network generates the final try-on output. A
GAN framework enhances realism by reducing artifacts and smoothing garment boundaries, following
the refinement principles described in deep learning-based VTO systems [3, 10]. The refinement stage
improves texture blending and shadow consistency, producing a visually coherent composite image.
The processed output is then transmitted back to the frontend interface for user visualization.
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Figure 1. System architecture of the proposed Al-powered E-commerce clothing platform.

In addition to the visual pipeline, the methodology integrates a recommendation subsystem that
analyzes user behavior, browsing patterns, and historical interactions. Feature representation strategies
similar to those used in enhanced VTO models [10] are incorporated to improve personalization. The
entire processing pipeline is deployed within a MERN-based architecture to ensure scalability, secure
data transmission, and efficient API communication between the frontend and backend components.

Overall, the methodology combines pose estimation, semantic segmentation, garment warping,
adversarial refinement, and personalized recommendation techniques to deliver a realistic and
interactive VTO experience. By integrating established deep learning models with full-stack web
deployment, the system bridges the gap between algorithmic garment synthesis and practical e-
commerce implementation. The proposed system is implemented as a full-stack web application
integrated with a deep learning inference engine. The frontend interface is developed using React.js to
provide dynamic user interaction, responsive design, and seamless image upload functionality. The
backend server is constructed using Node.js and Express.js, which manages REST API communication,
authentication services, order processing, and try-on request handling. MongoDB is used as the primary
database for storing user credentials, product information, transaction records, and user interaction
history.

For the artificial intelligence module, TensorFlow was used to train and deploy segmentation and
refinement models. MediaPipe was utilized for efficient real-time pose landmark detection. OpenCV
assisted in image preprocessing operations, including resizing, normalization, and background
handling. The model was deployed as a server-side service that processes user-uploaded images and
returns synthesized outputs through API responses.

The system was tested under moderate traffic conditions to evaluate its scalability and response
stability. The experimental deployment demonstrated that the architecture supports concurrent requests
without significant performance degradation. This confirms the practical applicability of the proposed
system in real-world e-commerce environments.

The virtual try-on-enabled search recorded a comparatively higher response time of 1.9 s with an
accuracy of 87%, primarily because of the additional computational overhead associated with pose
estimation, garment alignment, and image synthesis processes.
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Table 1. Performance evaluation of search features in an e-shop for clothing with VTO.

Test case Number of queries | Average response time (seconds) | Accuracy (relevant results)
Product search (keywords) 1,200 0.8 93%
Category-based filtering 900 1.1 91%
Price range filter 700 1.4 89%
Virtual try-on enabled search 600 1.9 87%

Similar computational trade-offs have been observed in deep learning-based virtual try-on
frameworks, such as those in VITON [1] and CP-VTON+ [4], where garment warping and texture
preservation increase processing time. GAN-based refinement and pose alignment modules further
contribute to processing complexity, as reported in related studies [3, 10]. Despite the additional
computational requirements, the response time remained within practical real-time limits,
demonstrating that the proposed system achieves a balance between visual realism and operational
efficiency.

Overall, the experimental results confirm that integrating Al-driven virtual try-on functionality does
not significantly degrade system performance, aligning with recent research on scalable deep learning-
based VTO systems [12]. The platform maintains acceptable latency while delivering enhanced
personalization and interactive shopping capabilities.

CONCLUSIONS

This study presents the design and implementation of a scalable e-commerce clothing platform
enhanced with a VTO module. The system integrates pose estimation, semantic segmentation, garment
transformation, and adversarial refinement to generate realistic garment simulations tailored to user-
uploaded images. Unlike conventional online retail systems that depend solely on catalog images, the
proposed framework provides interactive visualization aligned with individual body structures.

The MERN-based architecture ensures efficient client—server communication, secure authentication,
and responsive multi-device access. Performance analysis indicates that the VTO functionality
introduces minimal latency while maintaining satisfactory search accuracy. The results demonstrate that
Al-driven garment visualization can be effectively deployed within a commercial shopping ecosystem.

Future improvements may include three-dimensional garment modeling, augmented reality
integration, and automated body measurement estimation to further enhance personalization accuracy.
The developed system provides a practical foundation for next-generation intelligent fashion e-
commerce platforms.

PERFORMANCE EVALUATION

The performance of various search and filtering functionalities implemented in the proposed platform
is summarized in Table 1. The evaluation was conducted to measure system efficiency in terms of
response time and retrieval accuracy under different query conditions. The keyword-based product
search demonstrated the fastest average response time of 0.8 s with an accuracy rate of 93%, indicating
effective indexing and optimized database querying mechanisms. Category-based filtering and price
range filtering showed slightly increased response times of 1.1 and 1.4 s, respectively, while
maintaining acceptable accuracy levels above §9%.
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