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Abstract: 
            The rapid flourishing of fashion e-commerce has greatly reshaped the dynamics of retail in the world 
today as fashion consumers are now able to shop a broad variety of apparel items in the comfort of their 
homes. Nonetheless, this change has brought a serious dilemma of high rates of product returns, which are 
mainly occasioned by the inability of customers to be able to visualize perfectly the appearance of garments 
on their own bodies before they make a purchase. Conventional visualization techniques of products involve 
images captured by professionals using models under controlled conditions, which are not reflective of the 
heterogeneity of the actual users of the products in terms of body shape, posture and environmental 
consideration. The current paper introduces a full-stack Virtual Try-On (VTON) technology, which 
combines both the Segment Anything Model (SAM) of Meta and IDM-vtolan diffusion-based synthesis to 
produce extremely realistic visualization of garments. The suggested system uses the zero-shot segmentation 
ability of SAM to create more accurate human body masks under a variety of input settings, without using 
human parsing models specific to a domain. The IDM-VTON diffusion model then takes these masks and 
generates conditional image synthesis on top of them using iterative denoising, with the model ensuring that 
images align garments correctly, retain high-fidelity texture, and adapt to lighting situations. The proposed 
diffusion-based pipeline has enhanced visual coherence and realism, as compared to traditional GANbased 
VTON systems, which tend to have blurring, geometric distortion, and limb occlusion artifacts in them. The 
system is deployed in a scalable web application with 3 tiers using React.js, Node.js, MongoDB Atlas, 
Supabase and HuggingFace APIs and can be deployed on consumer grade devices without the need to have 
dedicated GPU hardware. Experimental testing on the various combinations of portraits and garments 
indicates that the artifact rate can be less than 5% and the average inference latency is 1025 seconds, which 
is within reasonable range in commercial e-commerce practice. These findings confirm the usefulness of the 
suggested system in terms of the confidence of the users, the low rate of returns, and overall online shopping 
experience. 
Keywords — Virtual Try-On, Segment Anything Model, IDM-VTON, CP-VTON, Diffusion Models, 
Image Segmentation, E-Commerce, Deep Learning, React.js, Node.js, HuggingFace Gradio. 
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I.     INTRODUCTION 

The growth of fashion e-commerce in the global 
market has shown a strong and consistent growth in 
past decade, which could be attributed to the 
increasing internet connectivity, the evolution of 
electronic payment system and change in consumer 

demand towards internet shopping. This revolution 
has assisted the retailers to reach out more 
individuals and provide their customers unmatched 
electronically and diversification of products. 
Despite these strengths, online fashion retail is yet 
struggling to overcome a thorny costly issue 
manifested by elevated product returns. Research 
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shows that the average returns in e-commerce of 
fashion are between 25 and 40 per cent and the major 
reasons are improper fit, wrong choice of sizes and 
discrepancy between the expected and actual 
appearance of the garments. Unlike in the brick-and-
mortar stores, where the consumer can make the 
physical store and apparel and video her into the 
garment and realize how it will look on her, online 
shopping lacks an effective individualized 
visualizing system. As a consequence, customers are 
prone to subjectivity and leads to dissatisfaction and 
returns. Traditional products representation 
techniques involve images which have been captured 
on professional models in professional studio. Even 
though the pictures are oriented towards aesthetic 
appeal, differences in body type and positions of 
users and the real world are not taken into account. 
The result of this limitation is a gap between 
expectation and reality, with the user being less 
confident and negatively impacting the process of 
purchasing. One of the ways to eliminate these 
problems is the creation of Virtual Try-On (VTON) 
technology. VTON systems will give users a chance 
to bridge the gap between online shopping and 
offline shopping where individuals will get the 
chance to have clothes placed on their own images. 
Primer imagebased VTON, VITON and CP-vtON 
methods showed that garments could be projected 
onto human images without 3D reconstructions. 
Nevertheless, these frameworks were based on 
Generative Adversarial Networks (GANs) which 
came with a number of constraints, such as blurred 
textures, misplaced garments and lingering limb 
occlusion artifacts. In recent times, deep learning has 
experienced the rise of diffusion based generative 
models which have proven to be more effective in 
image synthesis, some of which show better 
performance over other generative models. Unlike 
GANs, diffusion models are developed through a 
progressive denoising auto-encoder that enables one 
to conserve small details, uniform light, and 
structural integrity. Moreover, the introduction of the 
Segment Anything Model (SAM) by Meta has 
revolutionized image segmentation by introducing a 
powerful, zero-shot model that Generalizes across 
more than 48 image domains without having to be 
trained on a particular task. This paper presents a 
complete end-to-end Virtual Try-On system, which 

integrates SAM-based segmentation with IDMvtol 
diffusion synthesis in a full-Stack web-based 
architecture ready to be deployed in production and 
be completely functional. The system proposed is 
not only more realistic to look at but also meets the 
practical deployment issues and thus, is appropriate 
to use in real life e-commerce. The most important 
contributions of this work are as follows: better 
accuracy of segmentation, higher quality in the 
synthesis of garments and a scalable system design 
that is able to run on consumer-grade devices. 

II.     LITERATURE REVIEW 

A. VITON and CP-VTON  
VITON and CP-vtON were one of the first Virtual 

Try-On systems that created an innovation in the 
history of image based approaches to garment 
transfer. VITON came up with a twostage pipeline, 
which incorporated a rough geometric warping unit 
and a refinement network, which had been 
implemented on U-Net. The technique demonstrated 
that without 3D body modeling the garments could 
be transferred onto the image of a human being. This 
framework was also utilized in CP-VTON, with a 
Geometric Matching Module (GMM) that utilized 
Thin Plate Splines (TPS) transformations to more 
closely match the garment to the target body. Further, 
the synthesis process was enhanced with the help of 
the Try-On Module (TOM); distorted clothes were 
applied with the initial picture. With these 
developments, both VITON and CP-vtoton had a 
number of limitations. The stabilization of GAN-
based architectures was not reached, and resulted in 
textures that were blurred or distorted. In addition, 
these models were unable to deal with complicated 
poses and occlusions especially in instances where 
parts of the body were overlapping with the garment 
area.  
B. High-Resolution VTON  

The shortcomings of earlier designs were 
countered with further studies on enhancing image 
quality and accuracy of alignment. The new 
approaches to normalisation and 
misalignmentconscious processing to create high-
resolution images were introduced in models such as 
ACGPN and VITON-HD. Despite the fact that these 
techniques already significantly improved the 
quality of the visual, they were associated with 
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increased computational complexity and inference 
time. As a result, they were limited in practice in 
real-time web based systems. 
C. Segment Anything Model (SAM)  

Segment Anything Model (SAM) is one of the 
valuable additions in image segmentation. SAM has 
been trained on a large scale set of annotations (using 
more than one billion masks) enabling zero-shot 
results across a wide range of image domains. It also 
promotes instant based inputs, such as points, a 
flooring as well as boxes and masks; the result of 
which is versatile and interactive parceling. In 
contrast to the older human parsing models, which 
need domain-oriented training, SAM is able to 
generalize to novel situations with no fine-tuning. 
This is particularly true when VTON systems apply 
to real world scenarios where the input images could 
vary greatly based on background, lighting and pose.  
D. Diffusion-Based VTON 

Diffusion models have become a strong 
competitor to GANs when it comes to image 
synthesis. The mechanisms of these models are to 
convert noisy images into well-organized images in 
a step-by-step denoising procedure. The method 
provides an enhanced control over the generation of 
images and secures a higher level of global 
coherence. IDM-vtol is among the diffusion models 
that have shown a high level of improvement in the 
garment synthesis in the case of Virtual Try-On. 
These models, by conditioning the generation 
process to a pair of inputs (the input image and the 
characteristics of garments) generate realistic 
outputs with faithfully reproduced texture, natural 
garment draping, and light effects. 

 
E. Research Gap  

Irrespective of this progress, however, in the 
current research more emphasis is put on refining 
individual parts as opposed to making complete and 
deployable systems. Integrated solutions that 
synthesize segmentation, synthesize and system-
level engineering in a scalable architecture are 
lacking. This paper fills this gap by providing a full-
fledged VTON system that integrates SAM and 
IDM-vtannah in an application with production-
ready Web app. 

III. SYSTEM ARCHITECTURE AND 

METHODOLOGY 

 
A. Three-Tier Architecture  

The proposed Virtual Try-On (VTON) system is 
an architecture that is scalable and ready to be 
deployed as productiongrade software that 
incorporates modern machine learning models into a 
web-based environment. The system is based on the 
three-tier multi-component architecture, which 
guarantees a clear separation of concerns, modularity, 
and effective use of resources. The architecture of 
the architecture consists of three main layers: 
 1. Client Tier (Frontend Layer)  

The client tier is tasked with both the management 
of all the user interactions and the creation of an 
easy-to-use interface to the Virtual Try-On 
experience. It is coded with React.js (v18) and 
Tailwind CSS that allows rendering the UI in 
response and dynamically.The most important 
features of this layer are: Posting portrait pictures of 
users.,Searching and choosing clothes.,Activation of 
a try-on process.,Displaying synthesized 
results,Controlling user history and sessions. The 
frontend also interacts with the backend through 
REST APIs, and provides custom product flows with 
asynchronous interactions and state management. 
 2. Application Layer (Backend Layer)  

The application layer is the functional centre of 
coordination of the system which is executed with 
Node.js and Express.js. This layer has the task of 
dealing with all business logic, API routing, 
authentication, and communication with external 
machine learning services. Core responsibilities 
include: Authentication and Authorization: It is 
implemented with the help of JSON Web Token 
(JWT) to provide secure access. File Handling: 
Controlled by Multer middleware to efficiently 
extract uploaded images. API Orchestration: SAM 
and IDM-VTON API calls equivalent calls used in a 
linear fashion. Caching Mechanism: Previously 
processed results are stored in Redis so that when a 
several requests are made, the response time is 
minimized. This layer will make sure that all the 
processes will be completed in an organized and 
fault-tolerant fashion.  
3. Data and ML Tier  
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The machine learning and storage systems are 
joined together by the data and machine learning 
layer. Components include: MongoDB Atlas: Stores 
structured data including user profiles, session 
tokens and try-on history. Supabase Storage: Does 
offer scalable water storage of pictures and creates 
URLs of randomly accessed CDN to access without 
issues. HuggingFace Spaces: Runs the SAM and 
IDM-vtol modules, whose interface is available 
through the @gradio client. With this design, there 
will be no local form of GPS infrastructure required, 
which will allow the system to scale effectively to 
more than one user. 
B. End-to-End VTON Pipeline (Step-by-Step Deep Flow) 
 The system pipeline is a clearly defined flow of 
operations:  
1. User Input: The user inputs a portrait picture,and 
a garment picture.  
2. Authentication Validation: The backend checks 
the JWT token of the user and authenticates files 
uploaded.  
3. Image Storage: Both pictures are hosted on 
Supabase and secure URLs to CDN are created.  
4.Segmentation via SAM: This portrait image is then 
fed into the SAM model which produces a binary 
mask of the body part.  
5.Diffusion-Based Synthesis: This portrait image, 
binary mask are inputted in IDM-vtol where the final 
synthesized image is generated.  
6.Result Storage: The generated image is uploaded 
to Supabase, and the metadata is stored in MongoDB. 
7.Response Delivery: The URL of the result is sent 
back to the frontend and shown to the user. This 
pipeline provides sufficient data flow and high-
quality output generation as well. C. SAM 
Segmentation Module A segmentation module is an 
important part of the system, which defines the 
precision of garments placement. Key characteristics: 
Segments with a prompt-based segmentation 
(points/regions).Performs zero-shot 
inference.Produces pixel precise binary masks.All 
input images are scaled to a fixed resolution (e.g. 
768×1024) to be more consistent to reduce the 
variance of segmentation quality. In comparison to 
the conventional human parsing models, SAM: Does 
not involve retraining. Handles complex 
backgrounds Accepts various user inputs. This 
greatly enhances strength in practical situations. D. 

IDM-VTON Diffusion Module The IDM-VTON 
model is a conditional image synthesis model based 
on diffusion. Inputs: User image (ImgU ), 
Garmentimage(ImgG), Segmentationmask(M askM) 
Process: Initiates at random. Improves a picture 
through denoising steps in an iterative process. 
Diseases are written on clothes and body. 
Advantages over GANs: Better texture preservation 
Improved lighting consistency Natural garment 
draping No “pasted” appearance The model is 
deployable using HuggingFace APIs, and can be 
scaled and deployed using any hardware. 
IV.  IMPLEMENTATION 
 

A. System Integration and Model Orchestration 
 The Virtual Try-On (VTON) system is 

implemented as a model orchestration pipeline, 
which combines segmentation and diffusion-based 
synthesis in a single inference framework. Instead of 
concentrating on the software engineering aspects, 
the implementation focuses on the flow of data 
through various learned components and the 
contribution of each step to the overall quality of the 
final image synthesis. The system takes as its two 
major inputs: a portrait image of the user and a 
garment image These inputs are coded into standard 
forms to make them compatible with lower level 
models. One of the design choices is the utilization 
of cloud-based inference endpoints, which divides 
model implementation with client hardware to 
ensure that all devices can perform similarly. The 
segmentation phase makes use of the Segment 
Anything Model (SAM) which generates a binary 
mask according to the clothing region. In 
comparison to conventional human parsing models, 
SAM works in a zero-shot environment thus 
removing the biases of the dataset and allowing it to 
generalize to a great variety of backgrounds. This 
segmentation mask is a structural prior which 
informs the following synthesis step. The synthesis 
stage based on diffusion makes use of the IDM-
VTON, which is a conditional image synthesis 
model that is conditional upon. The model 
progressively optimizes a noisy latent representation 
to produce an image which is coherent, so that the 
placement of garments is consistent with the 
segmented body region. This design enables the 
model to maintain spatial consistency and at the 
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same time incorporating fine-grained details of the 
garments. The distinction of the segmentation and 
synthesis steps is an important implementation 
consideration, enabling them to be independently 
optimized and upgraded in a modular way. Also, the 
use of caching is added to reduce unnecessary 
inference, pointing to the compromise between the 
cost of computation and latency of response. 

B. Design Considerations and System Trade-offs  
The implementation represents a number of 

important design decisions that trade accuracy, 
latency and scalability: 
Cloud-Based Inference: Delegating computation to 
HuggingFace endpoints is scalable, but adds network 
latency. 
 Diffusion vs GAN Trade-off: Diffusion models are 
more realistic but can be more time-consuming to 
infer than GANs. Mask-Guided Conditioning: 
Dependent on the quality of the segmentation, the 
accuracy of alignment is enhanced by using SAM-
generated masks. 
Caching Mechanism: Redis-caching saves the cost 
of repeated inference, enhancing user experience 
without loss of accuracy.  
All these design choices allow the system to be 
realistically deployable and at the same time be of 
good synthesis quality. 

 
 

IV. RESULTS AND EVALUTAIONS 

A. Evaluation Methodology  

The proposed system is evaluated through a 
comparative experimental system, where it is 
compared with best known VTON models, including 
VITON and CP-vtON. An ensemble of twenty 
portrait-garment pairs is created to reflect the 
variability of body types, styles of gowns, and 
environmental factors . There are three evaluation 
dimensions that are established: Structural Accuracy 
(Alignment): Determines the degree of fit of the 
garment created to the body geometry. Perceptual 
Quality (Artifacts Texture): Assesses the existence 
of distortions, blurring or unnatural areas. 
Photometric Consistency (Lighting): Determines the 
compatibility of the garment created with the scene 
light. The analysis is carried out by various 

independent annotators, which guarantees 
qualitative strength and limits subjectivity. 

B. Quantitative Results : 

C. Analytical Discussion  
These findings indicate that diffusion-based 

synthesis is much more effective than GAN-based 
methods in all the dimensions considered. The fact 
that the artifact rate has dropped to less than 5 
percent is a sign that the model is useful in 
addressing the various problems that are prevalent in 
the artifact e.g. texture distortion and boundary 
inconsistency. Structurally, the application of SAM-
generated masks will make sure that the garments are 
not misplaced, especially in problematic situations 
where the need to use occlusions is observed. This is 
a significant enhancement over CP-vtON, which has 
inconsistent occlusion handling.  

Diffusion models have a higher quality of 
perceptual diffusion because of their iterative 
denoising process. In contrast to GANs, diffusion 
models can be trained with a global consistency and 
fine-grained texture fidelity in addition to focusing 
on global realism.  

This however comes at a cost of more inference 
latency. The measured latency of 10-25 seconds is 
indicative of the computational complexity of 
diffusion processes. Nonetheless, the latency is 
within reasonable limits of e-commerce applications, 
especially when built in conjunction with caching 
strategies.  

Generally, the findings confirm the hypothesis that 
segmentation and diffusion used together will result 
in a significant increase in the VTON realism, with 
practical deployability. 
 

V. CONCLUSION  

This paper introduces a single Virtual Try-On system 
that combines segmentation and the diffusion-based 
synthesis in a web-based architecture and in a 
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scalable way. The system overcomes the major 
limitations encountered by the previous VTON 
methods by harnessing both the zero-shot 
generalization ability of SAM and the high-fidelity 
generation ability of diffusion models. The test 
outcomes show that the experimental technique is 
more effective in reducing artifacts and improving 
texture fidelity and lighting consistency.  

These advancements demonstrate the usefulness 
of integrating structural priors and probabilistic 
generative modeling. In a more general sense, this 
paper demonstrates the potential of foundation 
models and diffusion-based architectures to address 
real-world problems in computer vision. 

 The system is a real-life demonstration of the 
transformation of complicated research models into 
operational applications 
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