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ABSTRACTVirtual Try-On (VTON) technology enables a user to preview a garment on a personal photograph without physically
wearing it. This work presents a lightweight, CPU-oriented web-based VTON system designed for academic laboratories and ordinary
computers where GPU acceleration is unavailable. Instead of performing end-to-endgenerative synthesis, the proposed pipeline
combines lightweight pretrained inference models with classical geometric image processing. MediaPipe Pose estimates body
landmarks;SegFormerprovidessemantichumanparsing;U2NETPextractsthegarmentforeground; ThinPlateSplinetransformationalignstheg
armentwiththetargetpose;andalphablendingproduces the final composite. React/Vite and FastAPI provide the application framework,
while lazy loading, model reuse, image resizing, and resolution fallback support resource-aware execution. The design emphasizes
modularity, local processing, privacy awareness, and normal operation without project-specific model training.

INDEXTERMSVirtualtry-

on,computervision,MediaPipePose,SegFormer,U2NETP,ThinPlateSpline,alphablending, CPUinference,FastAPI,React,imageprocessing.

I. INTRODUCTIONANDMOTIVATION

Virtual Try-On (VTON) is an image-based computer vision
application that allows a user to visualize a selected garment
on a target-person photograph. The basic interaction issimple:
the user supplies a photograph of a person and an image of a
garment, and the system produces a composite image in
which the garment appears to be worn by the person.This
capability is increasingly relevant to online fashion retail,
digital catalogs, interactive shopping applications, fashion
visualization, and academic research in image processingand
artificial intelligence.

The motivation for a virtual try-on system comes from a
practical limitation of conventional online shopping. A
garment product image normally represents the clothing on a
modelor against a plain background, while a customer needs
to understand how that garment may appear with a different
body shape, pose, and photographic context. Physical trial is
notalwayspossiblein

onlineshopping. Avirtualrepresentationcan thereforeprovidean
additionalvisualreferencebeforea

purchasedecisionismade. Althoughanimage-based try-onresult
is not equivalent to a physical fitting, it can improve the
interactive character of digital apparel applications.

Modern VTON research has produced increasingly
sophisticated methods. Many recent systems use deep
generative models, adversarial networks, transformer

architectures, ordiffusion-based synthesis to generate realistic
outputs. These methods can preserve detailed garment
appearance and handle difficult image synthesis tasks, but
their computationalrequirements can be significant. Large
models, GPU memory, high-resolution processing, and
training datasets can make direct deployment difficult on
ordinary computers. Thiscreates an important engineering
question: can a useful VTON workflow be implemented with
lower resource requirements while retaining a clear and
understandable processingpipeline?

The proposed project addresses this question through a
lightweight CPU-oriented design. Instead of training an end-
to-end image  generator, the system  combines
pretrainedperception components with classical geometric
image processing. MediaPipe Pose is used to estimate body
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landmarks. SegFormer is used for semantic human parsing.
U2NETP isused to estimate a salient foreground mask for the
garment. Thin Plate Spline transformation is used for non-rigid
geometric deformation, while alpha blending and OpenCV-
basedprocessing are used to form the final image.

This design intentionally separates the VTON task into
recognizable stages. A pose estimator does not have to solve
garment segmentation, and the garment extractor does not haveto
synthesize a complete person. Each component has a limited
responsibility. This separation is useful for academic
development because intermediate outputs can be inspected
andfailures can be localized. If a garment is misplaced, the pose
and geometric stages can be examined. If the source background
appears in the output, the garment mask can beexamined. If the
garment boundary is too hard or transparent, the blending stage
can be adjusted.

The project also considers deployment constraints. The frontend
is implemented using React and Vite, while the backend uses
FastAPL. The backend pipeline controls
imagevalidation,resizing,modelloading,inference,geometrictransf
ormation,blending,andresultdelivery.Memory-
awaretechniquesincludelazymodelloading,modelreuse,controlledi
mage dimensions, and a resolution fallback strategy from 640
pixels to 384 pixels and then 256 pixels. These techniques are
intended to make the application more practical onCPU-
orientedsystems.

The objective is therefore not to claim that a classical
compositing pipeline produces higher visual fidelity than state-
of-the-art generative VTON. Instead, the project explores
adifferent point in the design space: lower deployment
complexity, local processing, modularity, and accessibility. The
system is intended as an academic prototype that
demonstrateshow multiple computer vision components can be
integrated into a complete browser-based VTON workflow.

The remainder of this paper presents the project objectives,
technical foundations, literature context, limitationsof existing
approaches, proposed architecture, processing
algorithms,softwareimplementation,evaluationmethodology,priva
cyandsecurityconsiderations, futureenhancements,andconclusion.
Thepaperdistinguishesintendedsystembehaviorfrommeasured

experimental results because the available project material does
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not provide a controlled benchmark with numerical image-
quality scores. A VTON application can be viewed as a
sequence of constrained image transformations rather than a
single image-generation operation. The target photograph
supplies the
scenethatmustlargelybepreserved, whilethegarmentphotograph
suppliesthevisualobjectthatmustbeinserted. Thisdistinctioncrea
testwosimultaneousrequirements:thesystemmustpreserve
identity and scene information in the person image, and it
must preserve garment appearance while changing its spatial
configuration. A successful pipeline therefore needsboth
recognition and controlled transformation.

From a software-engineering perspective, the project is also
an integration problem. The output of a pose model must be
expressed in coordinates usable by the geometric stage.
Thesemanticparsermustproducelabelsthatcanbeconvertedinto
masks.Thegarmentextractormustproduceamaskthathasexactlyt
hesamespatialdimensionsasthegarmentimage. TPS must
transform both representations consistently. Finally, the
alpha-compositing stage must combine them without
destroying protected regions. The overall result depends onthe
compatibility of these interfaces as much as on the quality of
an individual model.

The CPU-oriented objective affects decisions throughout the
pipeline. Image resolution, model lifecycle, intermediate
buffers, and file handling are not  merely
implementationdetails; they influence whether the application
can complete a request on ordinary hardware. The proposed
architecture therefore treats resource management as part of
the systemdesign. A lower-resolution fallback is preferable to
an application that fails completely when the preferred
resolution exceeds available memory.

The academic value of this approach is its transparency. A
demonstration can show the original person image, garment
image, pose landmarks, semantic mask, garment
mask,warpedgarment,and
finalcomposite.Eachintermediateresultillustratesaconceptfrom
computer visionorimageprocessing. Thismakestheproject
suitableforexplaining ~ howAlperception and  classical
geometry can cooperate in a practical application rather than
presenting the VTON result as an unexplained black box.

Thepracticalsignificanceofthesystemisstrongestwhenaccessibil
ityistreatedasadesignconstraintfromthebeginning. Amodelthatp
roducesexcellentimagesbutcannotrunonthe available computer
does not satisfy the project's intended deployment context.
The proposed workflow instead asks which operations
genuinely require learned inference andwhich can be
implemented with deterministic image processing. This
separation reduces unnecessary computation and makes the
overall system easier to explain. It also creates auseful
baseline for later experiments in which a single component
can be upgraded and the effect of that upgrade can be
observed independently.

Another important motivation is reproducibility. A complete
local pipeline can be installed and demonstrated without
depending on a continuously available external
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inferenceservice. The same input pair can be processed
repeatedly while developers inspect intermediate outputs.
Reproducibility is particularly important for academic work
because visualdemonstrations can otherwise depend on hidden
service-side model versions or settings. A locally controlled
environment provides clearer experimental boundaries and
makestroubleshooting more systematic.

II. PROBLEMSTATEMENT,OBJECTIVESANDSCOPE

The central problem is the difficulty of providing a usable virtual try-
on experience onresource-constrained hardware. High-fidelity VTON
systems often depend oncomputationally expensive neural synthesis.
A student or laboratory environment mayinstead have a conventional
CPU-oriented computer with limited memory and nodedicated
accelerator. Requiring a large GPU-centered model would increase
setupcomplexity and reduce accessibility. The proposed system
therefore treatscomputational efficiency as a first-class design
requirement rather than an afterthought.

The input to the system consists primarily of a target-person image
and a garmentimage. The person image provides the body geometry,
pose, visible regions, andbackground context. The garment image
provides the clothing appearance that shouldbe transferred. Before
these images can be combined, the system must determine wherethe
body is located, where important semantic regions occur, which
pixels belong to thegarment, how the garment should deform, and
which parts of the original person imageshould remain visible.

The first objective is body-aware processing. MediaPipe Pose
provides landmarks thatcan be used as geometric references for the
upper body. These landmarks are not acomplete 3-D body model, but
they provide useful 2-D structural information forlocating shoulders,
arms, and other body points. The second objective is
semanticprotection. SegFormer provides human parsing information
so that regions such as theface, hair, arms, and background can be
treated differently from the clothing region.

The third objective is garment isolation. A clothing photograph may
contain abackground that should not appear in the final image.
U2NETP is used to estimate asalient foreground representation so
that the garment can be separated from its originalsurroundings.
Morphological processing can be used to reduce small holes or
isolatedartifacts in the mask. The garment RGB image and its mask
are then treated as acoordinated pair during geometric
transformation.

The fourth objective is geometric alignment. A garment cannot
normally be transferredsuccessfully using only translation and
scaling because clothing changes shapeaccording to body orientation
and pose. Thin Plate Spline transformation provides asmooth non-
rigid mapping controlled by corresponding source and target points.
Thegarment and its mask are transformed together so that the
boundary remains alignedwith the garment appearance.

Thefifth objectiveiscontrolledcompositing. Alphablending
combinesthetransformedgarment with the original person image
according to a mask. Protected regions can berestored after blending
so that the garment does not accidentally cover areas that
shouldremain visible. The final image is then returned to the frontend
for display.

The project scope is deliberately limited. Normal operation does not
include training anew VTON generator. The system is focused on
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image-based upper-body garmenttransfer and a lightweight web
workflow. It does not claim physical cloth simulation,accurate 3-
D reconstruction, automatic body measurement, or guaranteed
photorealisticsynthesis. These capabilities are treated as possible
future enhancements rather thanexistingfunctions.

A further scope requirement is modularity. The architecture
should allow an individualcomponent to be replaced without
rewriting the complete application. This is importantfor future
experimentation because pose estimation, segmentation, garment
extraction,and refinement models continue to evolve. The current
system therefore serves both asan application prototype and as a
base platform for later research.

A useful requirement is that every stage should have a measurable
responsibility. Inputvalidation is responsible for producing
readable images. Pose estimation is responsiblefor body
landmarks. Human parsing is responsible for semantic regions.
Garmentextraction is responsible for foreground isolation. TPS is
responsible for geometricdeformation. Alpha blending is
responsible for composition. The orchestrator isresponsible for
sequencing these operations and handling failures. This
responsibility-based design reduces ambiguity when the final
output is unsatisfactory.

Another requirement is coordinate consistency. The person image,
garment image, poselandmarks, semantic mask, garment mask,
and warped output must all agree on theworking resolution. If an
image is resized after landmarks are detected withouttransforming
the coordinates, the garment can be placed incorrectly. Similarly,
if thegarment mask is generated at one resolution and the RGB
garment at another, alphacompositing becomes invalid. The
implementation should therefore define a singleworking
coordinate system for each request.

The project also has a usability requirement. A technically correct
backend is notsufficient if the user cannot determine which image
is the person input and which is thegarment input, whether
processing has started, or whether the result has completed.
TheReact/Vite layer therefore has a practical role in
communicating the state of thepipeline. Progress information is
especially useful on CPU-oriented hardware becauseprocessing
may take longer than a simple browser interaction.
Thescopeboundaryisimportantforevaluation. Thesystemisintendedf
orapproximateimage-based try-on, not for guaranteeing real
garment fit. It does mnot measure fabricelasticity, body
circumference, garment dimensions, or physical comfort. A
visuallyplausible image should therefore be interpreted as a
visualization result. Any futurephysical-fit feature would require
additional measurements and validation beyond thecurrent image-
compositing workflow.

The objectives can also be translated into acceptance criteria for
the software. A validinput should pass preprocessing and reach
inference. The pose stage should produceusable landmarks for
ordinary target images. The garment stage should produce
aforeground representation rather than a complete rectangular
image. The
geometricstageshouldproduceatransformedgarmentwhosedimensi
onsmatchtheworking

image.Theblendingstageshouldreturnanencodedimagethatthebr
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owsercandisplay.These criteria make the project easier to test
because every objective corresponds to anobservableartifact.

The system should also degrade gracefully. A CPU-oriented
application cannot assumethat every machine has identical
memory capacity or processing speed. If the preferredresolution
cannot be processed, the fallback mechanism should attempt a
smallerresolutionratherthanterminatingimmediately.Ifarequestisin
valid,theserviceshouldreject it before expensive model execution.
Graceful degradation therefore applies bothto resource limitations
and to input errors.

Anotherrequirementconcernsmaintainability. Theprojectcombinesf
rontend,backend,machine-learning, and image-processing
technologies. Without clear moduleboundaries, a small change in
one stage can produce unexpected effects elsewhere.Interfaces
between modules should therefore define expected image
dimensions, datatypes, mask conventions, coordinate systems,
and error states. This is especiallyimportant for TPS because
geometric errors can be caused by preprocessing orcoordinate
conversion rather than by the transformation algorithm itself.

The scope also protects the evaluation from unrealistic

expectations. The project shouldbe demonstrated using
representative  images that match its assumptions and
shouldinclude difficult examples to show limitations. A

successful academic evaluation doesnot require every possible
pose or garment to work perfectly. It requires the
system'sintended operating conditions, strengths, failure cases,
and resource trade-offs to bedescribedaccurately.

1. TECHNICALFOUNDATIONSANDRELATED WORK

VTON research can broadly be understood as a combination of
image understanding,geometric alignment, and image synthesis. The
person image must be analyzed todetermine body structure and
visible semantic regions. The garment image must berepresented in a
form that can be transformed. The transformed garment must then
beintegrated into the target photograph without producing obvious
discontinuities.Different research systems place different amounts of
computation into these stages.

VITON established an influential image-based formulation in which
a garment istransferred to a person image. Later methods explored
improved geometric matching,texture preservation, and high-
resolution synthesis. CP-VTON introduced explicitgeometric
transformation using Thin Plate Splines and demonstrated the value
ofseparating clothing alignment from subsequent image generation.
VITON-HD and HR-VITON addressed high-resolution quality and
misalignment or occlusion-relatedproblems. These systems provide
important context for the present project even thoughthe proposed
implementation does not reproduce their full learned
synthesisarchitecture.

The supplied reference journal emphasizes three recurring problems
in VTON:inaccurate geometric alignment, loss of garment details,
and unnatural garment-bodyblending. These problems are visible
around shoulders, sleeves, collars, waist regions,and patterned
garments. The reference also demonstrates a dual-stage philosophy
inwhich geometric alignment and garment-body integration are
treated as separateconcerns. The present project adopts the general
principle of separating
responsibilities,butimplementsthestageswithlightweightmodelsandcla
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ssicalimageprocessingratherthan the reference paper's specialized
learned refinement networks.
ThinPlateSplinetransformationisparticularlyrelevantbecauseclothi
ngdeformationisnon-
rigid.Arigidtransformassumesthatallpointsmoveaccordingtothesa
merotationand scale. Clothing does not behave this way in an
image. Different regions can
movedifferentlywhilestillrequiringasmoothoveralltransformation.
TPSusescontrolpointsand a radial basis function to generate a
smooth mapping while penalizing excessivebending. This makes
it suitable for approximating changes in garment shape.

Pose estimation and semantic parsing provide complementary
information. A posemodel supplies sparse structural landmarks. A
semantic parser supplies dense regionlabels. The combination can
be used to estimate where a garment should be placed andwhere it
should not be placed. This distinction is important because a
correct garmentmask alone does not guarantee correct body
placement, while pose points alone do notprovide sufficient
information about occlusion and protected regions.

U2NETP is used in the proposed pipeline for salient garment
extraction. Its role isnarrower than a complete VTON generator: it
estimates a foreground mask so that thegarment can be separated
from its source background. The mask can then be cleanedand
warped along with the garment. This approach avoids training a
customsegmentation network for the project while still providing
an Al-based imageunderstandingcomponent.

SegFormer provides transformer-based semantic segmentation. In
this project it is usedto identify relevant human regions rather
than to generate the final try-on
image.MediaPipePosesimilarlyactsasaspecializedperceptionmodul
e.Theuseofpretrainedcomponents reduces the need for project-
specific training and allows the mainengineering effort to focus
on orchestration, geometry, memory management, and
userinteraction.

The literature therefore supports the architectural decision to
separate perception,geometric alignment, and synthesis. The
research gap for this project is an accessibleimplementation that
combines these ideas into a complete local web application
withCPU-oriented resource controls. The proposed system should
be evaluated on bothvisual behavior and computational feasibility
rather than only on photorealistic quality.

The literature can also be organized according to where
intelligence is placed in thepipeline. Some methods place most of
the intelligence in a generative synthesisnetwork. Others make
geometric alignment an explicit learned or mathematical stageand
then use a synthesis network to refine the result. The present
project placesrecognition intelligence in pretrained specialist
models and uses an explicitmathematical transformation for
deformation. This difference explains both thecomputational
advantage and the visual limitations of the proposed design.

Thin Plate Spline is especially appropriate when a transformation
must be smooth
butcannotberepresentedbyasingleaffinematrix. Agarmentmayneedi
tsshoulderregionto move differently from its lower region. TPS
allows the transformation to respond tomultiple control points
while maintaining smoothness between them. The method
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istherefore a useful bridge between sparse pose landmarks and a
dense pixel image. Itseffectiveness still depends on selecting
meaningful correspondences.

The reference dual-stage VTON paper provides a useful comparison
because it treatsgeometric alignment and garment-body integration as
separate concerns. The proposedstudent system adopts this
conceptual separation but uses a much lighterimplementation. The
comparison should therefore be understood as
architecturalinspiration rather than a claim of equivalent
performance. The reference system isdesigned for high-fidelity
synthesis, while the present project is designed for CPU-oriented
accessibility and modular academic experimentation.

The combination of MediaPipe Pose, SegFormer, and U2NETP also
illustrates modelspecialization. A single model is not forced to solve
every task. Pose estimation isoptimized for landmarks, semantic
segmentation  for  region  understanding, and  salient-
objectextractionforforegroundseparation. Thisspecializationreducesth
eneedtotraina project-specific model, while allowing each stage to be
inspected and potentiallyreplaced in future versions.

A useful distinction in the literature is between alignment and
synthesis. Alignmentanswers where the garment should be placed
and how its visible geometry shouldchange. Synthesis answers
how the final photograph should look after that
placement,including missing regions, lighting, texture continuity,
and occlusion. The presentproject concentrates on alignment and
controlled compositing. This makes the systemcomputationally
simpler but also explains why it cannot reproduce all of the
visualeffects of a learned synthesis network.

The reference research on dual-stage VTON is relevant because it
explicitly identifiesgeometric alignment and garment-body
integration as separate technical problems. In alightweight
implementation, this separation can be retained even when the
solutions aresimpler. TPS acts as the coarse geometric
mechanism, while semantic masks and alphablending act as the
integration mechanism. Future learned refinement can then
beintroduced without changing the conceptual decomposition.

The wuse of pretrained models also changes the training
requirement. The project doesnot need to collect a new fashion
dataset or train an end-to-end VTON generator fornormal
operation. The model weights provide general visual capabilities,
while  theproject-specific  work lies in  preprocessing,
orchestration, transformation, andcompositing. This reduces
development time and hardware requirements and makes
theprototype more accessible to academic users.

At the same time, pretrained components introduce their own
dependencyconsiderations. Model versions, weight files,
framework compatibility, andpreprocessing assumptions can
affect behavior. A reproducible implementation shouldrecord the
model identifiers, library versions, input normalization rules, and
image-sizeassumptions. Doing so is essential if the project is later
compared with an upgradedmodel or reproduced on another
computer.

IV. EXISTINGSYSTEM,LIMITATIONSANDRESEARCH
GAP

Existing VTON systems commonly use learned neural pipelines. A
typical architectureestimates representations of the person and



garment, aligns the clothing to the targetbody, and generates a
final image. High-capacity models can learn complexrelationships
between body pose, garment appearance, texture, lighting, and
occlusion.This provides strong visual potential, particularly when
models are trained on largedatasets and executed at high
resolution.

However, computational requirements can become a barrier.
Large models can requiresignificant GPU memory and long
inference times on CPU-only hardware. Trainingadds another
level of cost because datasets, preprocessing, accelerator
resources, andrepeated optimization are required. Even when a
trained model is available,environment configuration may involve
framework versions, model weights, CUDAdependencies, and
hardware-specific optimization.

Another issue is deployment architecture. Cloud-based image
APIs can simplifycomputation because the remote service
performs inference, but they require imageupload to an external
service. For personal photographs, this can create privacy
anddata-retention concerns. A local system avoids that specific
dependency, although localdeployment still requires careful
storage and access control.

High-fidelity generative VTON also has its own visual failure
modes. A model mayalter garment textures, distort logos or
patterns, create incorrect sleeve geometry, orproduce artifacts
where clothing intersects with arms and hair. The supplied
referencepaper identifies misaligned garment transformations,
loss of garment details, andunrealistic body-garment integration
as major limitations of existing approaches. Theseobservations
motivate explicit treatment of geometry and compositing in the
presentproject.

The proposed system addresses the resource problem through a
different architecture. Ituses pretrained models for specialized
perception and classical processing fortransformation and
composition. The approach reduces the need for a large end-to-
endgenerator and makes intermediate representations accessible.
It also enables
resolutionfallback.Ifprocessingat640pixelsistoodemanding,thesyst
emcanattempt384pixelsand then 256 pixels, trading spatial detail
for execution feasibility.

TABLE 1. DESIGN COMPARISON. VITON emphasizes learned
image-based try-on;CP-VTON explicitly incorporates geometric
transformation; VITON-HD and HR-VITON emphasize higher-
resolution and alignment-aware synthesis; the proposedproject
emphasizes CPU-oriented modular inference, local deployment,
and classicalgeometric compositing. The proposed system
therefore occupies a different engineeringposition rather than
attempting to replace high-end generative approaches.

TABLE1.RESEARCHGAP ANALYSIS
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The research gap is best described as a deployment and integration
gap. There is valuein a complete VTON prototype that can be studied
without requiring a high-end GPU,that exposes intermediate stages
for debugging, and that keeps the processing
pipelineunderstandabletostudents.Suchasystemcanalsoserveasabaseli
neforfutureworkinwhich only selected components are replaced with
more advanced models.

The limitation of this claim must also be stated clearly. Lower
computationalrequirements do not automatically imply higher visual
quality. A classical TPS-plus-blending pipeline cannot synthesize
hidden garment surfaces or realistic cloth behavioras flexibly as a
large generative model. The project's contribution is accessibility
andmodularity, not a state-of-the-art benchmark claim.

The limitations of existing systems can be divided into
computational, deployment,privacy, and visual categories.
Computational limitations include GPU dependence,high memory
use, and expensive inference. Deployment limitations include
frameworkdependencies, model-weight management, accelerator
drivers, and cloud-serviceintegration. Privacy limitations arise when
personal photographs are transmitted toremote services. Visual
limitations include geometric misalignment, texture
alteration,boundary artifacts, and incorrect occlusion. The proposed
system does not eliminate allof these categories, but it deliberately
reduces several computational and deploymentburdens.

A useful design comparison is therefore multidimensional. A
generative VTON systemmay provide stronger synthesis of hidden
information but require greater computationalresources. A purely
geometric system may run more easily but can only transformvisible
information. A cloud APl can simplify local installation but
introduces networkand data-transfer dependencies.The proposed
systemselectslocalexecution,pretrainedspecialist models, and
classical compositing as a balanced configuration for a student-
scaleprototype.

The research gap should not be overstated. There are many
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efficient computer-visionsystems and many VTON systems in
the literature. The specific gap addressed here isthe integration
of a complete VTON workflow around CPU feasibility, local
operation,intermediate-stage  visibility, and no training
requirement during normal operation.
Thismakestheprojectusefulasareproduciblebaselinefromwhich
moreadvancedmethodscan be evaluated.

The gap also has an educational dimension. Students can study
how pose estimation,semantic segmentation, salient-object
detection, non-rigid transformation, alphacompositing, REST
APIs, and frontend interaction cooperate in one system. A
largeend-to-end generator may hide these relationships. The
proposed architecture exposesthem, allowing individual stages
to be tested independently and improvedincrementally.

The computational burden of generative VTON is not limited
to the main model. High-resolution synthesis can require
preprocessing, feature extraction, multiple
intermediatetensors, and postprocessing. When several
components are combined, the memoryfootprint can become
larger than expected. The proposed architecture reduces
thisburden by keeping the AI stages specialized and by
applying resolution control beforeexpensive processing. The
objective is not zero resource use; it is predictable resourceuse
that can be managed on ordinary hardware.

Local execution also changes the privacy model. With a
remote API, the user must trustan external provider to receive,
process, and delete the photograph. With localinference, the
photograph can remain on the user's computer, but the local
applicationbecomes responsible for temporary storage and
access control. Therefore, the proposedsystem reduces one
category of exposure without claiming complete
privacyautomatically. Good file lifecycle management remains
necessary.

The visual limitations of the existing systemsmotivate the
modular approach in anotherway. If a generative system
changes a garment pattern or produces an artifact, it may
bedifficult to determine which internal feature caused the
problem. In the proposedsystem, the source garment remains
visible through the pipeline. Developers cancompare the
original mask, transformed mask, and final composite. This
provides amore direct route to diagnosing geometry and
blending errors.

The research gap can consequently be stated as a practical
systems gap. The projectbrings together methods that are
individually well established but organizes
themaroundCPUfeasibility,localdeployment,andinspectableint
ermediateresults. Thisisameaningful engineering contribution
for academic prototyping even though it does notclaim to
advance the state of the art in photorealistic VTON synthesis.

V. PROPOSEDSYSTEMARCHITECTURE

The proposed architecture is divided into presentation, API,
orchestration, Al model,classical processing, and output layers.
This layered organization reduces coupling andmakes the system
easier to maintain. The browser handles user interaction, the

APImanages communication, the orchestrator controls

sequence of operations,

and theimage-processing modules
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perform the actual visual transformation.

The React/Vite frontend is responsible for image selection, input
previews, requestsubmission, progress or status information, and
final result visualization. A cleanfrontend is important because
VTON is inherently visual. Users should be able todistinguish the
person image from the garment image and understand
whetherprocessing is running or completed. The frontend should also
display meaningful errormessages when input validation or backend
processing fails.
FastAPIformstheservicelayer.Itreceivestheuploadedfiles,validatesthe
m,createsorexecutes a processing task, and provides the resulting
image to the client. The backendalso provides health and task-related
endpoints where required. Keeping the APlindependent from the
frontend means that the same processing service can later
beconnected to another client without rewriting the computer-vision
pipeline.

The pipeline orchestrator is the central control component. It selects
the processingresolution, loads or reuses the required models,
invokes pose estimation, semanticparsing, garment extraction,
geometric transformation, mask processing, and blending,and records
the final result. This controller is intentionally separate from
individualmodel implementations so that each stage has a clear
interface.

The AI model layer contains MediaPipe Pose, SegFormer, and
U2NETP. MediaPipePose supplies body landmarks. SegFormer
supplies semantic region
information.U2NETPsuppliesthegarmentforegroundmask.Thesecomp
onentsoperateondifferentaspects of the input and their outputs are
passed to the classical processing layer.
Theclassicalprocessinglayercontainsresizing, morphology, TPStransfo
rmation,maskoperations, alpha blending, and OpenCV utilities. The
distinction between Al inferenceand classical processing is
deliberate. The project does not require every stage to be aneural
network. A computationally simple mathematical transformation can
bepreferable when the problem is fundamentally geometric.

Memory management is integrated into the architecture. Model
initialization
isexpensive,solazyloadingandmodelreuseareusedtoreducerepeatedove
rhead.Imagedimensionsarecontrolledbeforeinference. Theresolutionfa
llbackmechanismprovidesa graceful response to resource pressure
instead of treating a single resolution asmandatory. This is
particularly relevant for CPU-oriented deployment.

The final layer handles local output storage and result delivery.
Temporary data shouldbe managed carefully and removed when no
longer  required. If  persistent  history is  notpartof
theapplicationrequirement,keepinguploaded photographsonly
forthedurationofthetaskreducesunnecessaryexposure. Thecompletearc
hitecturethereforecombinesusability, modularity, resource awareness,
and privacy considerations.

The architecture can be understood as a directed dataflow. The user
first provides twoimages. The frontend packages the images into a
backend request. FastAPI
validatesandmanagestherequest. Theorchestratorchoosesaworkingreso
lutionandinvokesthe Al model layer. The outputs of those models are
converted into masks and geometricreferencesfortheclassicalimage-
processinglayer.Thefinalcompositeisstoredlocallyand made available
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to the frontend. This dataflow prevents Ul code from

becomingtightly coupled to model implementation details.

The architecture also supports fault isolation. If a garment mask is
incomplete,developers can inspect the U2NETP output without
changing the pose module. If
thegarmentiscorrectlyextractedbutappearstoohighortoolow,the TP
Scorrespondencescan be investigated. If the garment position is
correct but the face or arms are covered,the semantic protection
mask can be examined. This separation  makes
troubleshootingsystematic instead of relying on repeated changes
to the entire pipeline.

The output-storage layer should be treated as part of the security
boundary. Generatedimages are user-related data and should not
be retained indefinitely by default. A taskidentifier can be used to
associate a request with its temporary result without
exposingfilesystem paths. Cleanup should occur after the result is
no longer needed. For a localacademic prototype, this approach
keeps the demonstration simple while still followingresponsible
data-handling principles.

The modular architecture also makes future replacement practical.
MediaPipe Posecouldbereplaced byanother
poseestimator,SegFormerby  adifferenthumanparser,orU2NETP
by a garment-specific segmentation model. The TPS stage could
later besupplemented with dense correspondence or a lightweight
refinement network. Becausethe orchestrator defines the
sequence, the rest of the application can remain stable
whileindividual research components evolve.

The architecture can be implemented as a pipeline of explicit data
contracts. Thefrontend submits image files; the API converts
them into controlled temporary inputs;the orchestrator creates a
working representation; model modules return landmarks,labels,
or masks; geometric modules return transformed arrays; and the
output layerencodes the final image. Each contract should specify
expected dimensions and types.This reduces hidden assumptions
between components and makes unit testing possibleat module
boundaries.

The pipeline orchestrator should also preserve stage ordering.
Pose estimation andparsing operate on the target-person image.
Garment extraction operates on the garmentimage. TPS requires
information from both sides. Blending requires the
transformedgarment, transformed mask, person image, and
protected regions. Running these stagesin an incorrect order can
produce invalid intermediate data even when every individual

module is functioning correctly. A central orchestrator
therefore provides an importantcorrectnessguarantee.
Thearchitectureissuitableforincrementaloptimization.Ifprofilin
gshowsthatgarmentextraction dominates processing time, that
module can be optimized without modifyingthe frontend. If
TPS is inexpensive but image encoding is slow, the output
layer can beexamined independently. This separation also
supports alternative deployment modes,such as a local desktop
service or a laboratory  server, because the
frontendcommunicates through the API rather than directly
calling model libraries.

For academic demonstration, the architecture can be
represented using a block diagramand a sequence diagram.
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The block diagram explains component responsibilities, whilethe
sequence diagram explains the order in which a request travels
through the system.Both representations reinforce the project's
central idea: a complete VTON result isproduced by coordinating
multiple  specialized operations rather than by one
opaqueprocedure.

React / Vite
Frontend

FastAP|
Backend

TPS + Alpha
Blending

User
Images

i

Fig.1.ProposedlightweightCPU-orientedarchitecture.

VI. DETAILEDPROCESSINGPIPELINEAND
MATHEMATICAL MODEL

Thefirstprocessingstagevalidatestheuploadedfiles. Theapplicationshou
ldcheckthatthe files are readable images and that their dimensions are
within an acceptable range.Images are then converted to a consistent
internal representation. Resizing is performedwhen necessary to
reduce memory use and establish a predictable processing scale.
Theselected scale is influenced by the resolution fallback policy.

The second stage performs pose estimation. MediaPipe Pose
identifies body landmarksfrom the target-person image. The
landmark set provides approximate positions forstructural regions
such as shoulders, elbows, and hips. These points can be
normalizedto the image coordinate system so that the geometric stage
is less dependent on theabsolute image dimensions.

The third stage performs semantic parsing. SegFormer assigns
semantic labels toregions of the target image. The result is useful for
identifying areas that should beprotected during compositing. The
exact labels available depend on the modelconfiguration, but the
architectural purpose remains the same: distinguish clothing-related
regions from face, hair, arms, and background so that the final
overlay iscontrolled rather than unrestricted.

The fourth stage extracts the garment foreground. U2NETP produces
a salient-objectmask for the garment image. The mask can be
thresholded or refined according to
theapplication'sneeds.Morphologicalopeningor
closingcanreducesmallisolated regionsand fill minor holes. The RGB
garment and its mask must retain identical spatialdimensions so that
subsequent warping is consistent.

The fifth stage constructs geometric correspondences. Source control
points are definedon meaningful positions of the garment image,
while target points are derived from thetargetperson'sbody
geometry.Forexample,upper-leftandupper-
rightgarmentregionscanbeassociatedwiththeapproximateshoulderposi
tions.Additionalpointscancontrollower garment extent. The accuracy
of these correspondences has a direct influence onthe quality of the
deformation.

The Thin Plate Spline transformation can be described conceptually
byf(x,y)=al+a2x+a3y+XwilU(ri), where U(r)=rZlog(rZ) is the radial
basis function and rirepresents distance from a control point. The
affine component  provides globalmovementwhiletheradial
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termsprovidesmoothlocaldeformation. Thetransformationis
applied to both the garment image and its mask.
Thesixthstageperformsmask-
awarecompositing.Letldenotethetargetpersonimage,G the warped
garment image, and M the normalized garment mask. A basic
compositeis O=MOG+(1-M)®I. The operator © represents
element-wise multiplication. If themask is refined using protected
semantic regions, the final M is reduced or zeroed inregions that
should remain visible, such as the face, hair, or uncovered arms.
The seventh stage performs boundary refinement and output
generation. Minor masksmoothing can reduce hard edges, while
excessive smoothing should be avoidedbecause it can make
garment boundaries transparent. The output is converted into
astandard image format and stored locally before the API returns
the result. The pipelineis deterministic for a fixed set of model
outputs and transformation parameters, makingit easier to debug
than a stochastic generative workflow.

Thepreprocessingstageshouldpreservetherelationshipbetweentheor
iginalimageandtheworkingimage.Iftheimageisresized,thescalefact

orsshouldbeknownsothatanycoordinate produced by a model can
be interpreted correctly. This is particularlyimportant for TPS
because control points are numerical inputs to the transformation.
Asmall coordinate error can become a visible garment-placement
error after deformation.

Control-point selection is one of the most influential parts of a
TPS-based pipeline.Points should correspond to meaningful
garment locations and body landmarks ratherthan arbitrary pixels.
Upper garment corners, shoulder-related points, side
boundaries,and lower anchors can provide a stable geometric
structure. The number and placementof points should remain
consistent enough that the transformation behaves
predictablyacross similar inputs. Poor correspondences can cause
local folding or stretching evenwhen the TPS mathematics is
correct.

Mask processing should be performed with the same care as RGB
processing. A maskrepresents transparency and therefore directly
determines which pixels reach the finaloutput. A noisy mask can
create isolated garment fragments; a mask with holes canremove
texture; and a mask that extends into the background can
introduce unwantedpixels. Morphological opening and closing are
useful because they operate on localstructure, but their parameters
should be selected conservatively to avoid erasing
thingarmentdetails.

The alpha-compositing formulation also clarifies why protected
regions are necessary.Without a protection mechanism, every
nonzero garment-mask pixel can overwrite theperson image. A
semantic protection mask modifies the effective alpha and creates
anexplicitruleforpreservingselectedregions. Thisisasimplebutinterp
retablealternativeto asking a large generative model to learn all
occlusion relationships implicitly.

The final output should be converted into a standard display
format after all numericaloperations are complete. During
processing, floating-point or normalized maskrepresentations may
be convenient, but the browser generally expects an
encodedimage. The conversion stage should ensure that image
dimensions, color channels, andalpha behavior are correct. A
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technically successful algorithm can still appear incorrectif the final
encoding is mishandled.

The mathematical formulation provides a useful way to reason about
failurepropagation. If the garment mask is wrong, the error enters the
TPS stage because themaskis transformed along with the garment. If
the control points are wrong, the warped

image is wrong even when the mask is perfect. If the protected-
region mask is wrong,
acorrectlywarpedgarmentcanstillcoverthewrongpixels. Thischaind
emonstrateswhyintermediate validation is important: correcting
the final image alone may hide the truesource of the problem.

TPS also has a smoothness advantage over independent pixel
displacement.Neighboring pixels remain related through the
continuous deformation field. This helpsthe garment preserve its
overall structure when control points are moved.
However,smoothnessisnotequivalenttorealism. Thetransformation
doesnot knowthatasleevehas a particular fabric thickness or that a
collar should interact with a neck. The methodshould therefore be
viewed as a controlled geometric approximation.

Mask-aware processing is equally important at the boundary. A
binary mask can
createavisiblyhardedgeifthegarmentisplacedoveradifferentlyillumi
natedbackground.Asoft alpha transition can reduce the
abruptness, but excessive softness causes thegarment to appear
transparent. The implementation should therefore balance
edgecontinuity and opacity. This is a visual parameter that can be
tested independently fromthe TPS geometry.

The final mathematical operation is computationally simple
compared with neuralinference, which is one reason alpha
blending is attractive for CPU deployment. Oncethe masks and
warped image are available, the composite can be produced
withelement-wise operations. Efficient array processing through
OpenCV or NumPy cantherefore keep the final stage relatively
lightweight.

Alpha
eeeeee Blend [—*[ Outeut

Fig.2.Sequential VTONprocessingpipeline.

VII. SOFTWAREIMPLEMENTATIONANDRESOURCE
MANAGEMENT

Theimplementationisbasedonaweb-
servicemodel.ReactandViteprovidetheclient-side  interface, while
FastAPI provides the Python service layer. Computer-visionlibraries
and pretrained models are loaded by the backend. This division keeps
browserresponsibilities lightweight and places computational
operations in an environmentwhere Python-based Al and image-
processing libraries are readily available.

The frontend workflow begins when the user selects a person image
and a
garmentimage. Theinterfacevalidatesbasicinputconditionsbeforesubmi
ttingthefiles.Duringprocessing, the user receives a status indication.
After completion, the generated imageis displayed without requiring
the wuser to understand the internal model pipeline.
Theinterfacecanlaterbeextendedwithcomparisonviews,resetcontrols,a



ndresulthistory. FastAPI handles request validation and
communication. Uploaded images should begiven controlled
temporary  paths rather than  arbitrary  user-supplied
filesystemlocations. File names should be sanitized, file types
checked, and maximum uploadsizes enforced. The service should
return structured status information so that frontendbehavior is
predictable.

Model lifecycle management is especially important for CPU-
oriented deployment.Loading a model for every request wastes
time and may create repeated memoryallocation. Lazy
initialization loads a model when its stage is first needed, while
reusekeeps the initialized component available for subsequent
tasks. In a productionenvironment, the lifecycle strategy should
be adjusted according to available memoryand concurrency
requirements.

The resolution fallback strategy is another important
implementation feature. A high-resolution input provides more
visual information but increases the number of pixelsprocessedby
every stage.Ifthe640-
pixelpathexceedsavailableresources,thepipelinecan attempt 384
pixels and then 256 pixels. The fallback should be reported
clearly sothat users understand why output detail may vary
between requests.

Resource monitoring should consider both memory and execution
time. Usefulengineering measurements include peak resident
memory, CPU utilization, modelloading time, per-stage inference
time, TPS transformation time, blending time, andtotalend-to-
endlatency. Thesemeasurementscanidentifybottleneckswithoutrequ
iringa new machine-learning benchmark.

Failure handling should be stage-aware. A pose failure is different
from a garmentextraction failure. A parser failure should not be
reported as a generic server error if thesystem can identify the
responsible stage. Similarly, an output-storage error should notbe
confused with a computer-vision error. Clear stage-level logging
improvesdebugging and project demonstration.

Local execution provides an additional software-design
advantage: the application canoperate without an external VTON

API. This reduces dependence on
networkavailabilityandavoidssendingphotographstoathird-
partyinferenceservice. However,local execution still requires

responsible data management, especially if multiple userscan
access the machine or if generated images are stored for long

periods.
The implementation therefore combines standard web
development with specializedcomputer vision. The main

engineering challenge is orchestration: ensuring that theoutput of
one component is represented in the correct format and coordinate
system forthe next component. Consistent image dimensions,
masks, data types, and error statesare as important as the
individual models.

The frontend and backend communicate through a clearly defined
API contract. Therequest should specify the person image and
garment image without exposing internalmodel paths. The
response should provide a task state and, when complete, a
resultreference that the frontend can display. This separation also
makes automated APItesting possible because backend behavior
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can be checked independently from thebrowserinterface.

For CPU-oriented inference, concurrency should be considered
carefully. Runningseveral large inference operations simultaneously
may increase memory consumptionand cause CPU contention. A
task-oriented backend can control how many processingjobs execute
at once. For a student prototype, sequential execution is often easier
toreason about and can prevent multiple requests from exhausting the
available resources.Future deployment can introduce a queue when
multi-user operation is required.

Themodelloadershouldalsodistinguishmodelinitializationfromrequest
-specificdata.A reusable model object can remain in memory while
image tensors, masks, andtemporary arrays are released after each
request. This reduces repeated model loadingwhile limiting the
lifetime of request-specific information. Explicit cleanup
isparticularly important when several stages produce large arrays at
the same workingresolution.

Logging should be useful but minimal. Stage names, task identifiers,
processingdurations, selected resolution, and error categories can
help diagnose problems. Rawuser photographs should not be written
into ordinary logs. This approach supportstroubleshooting while
reducing unnecessary exposure of image content. The
sameprincipleappliestoexceptionmessagesreturnedtothefrontend:they
shouldexplaintheoperational problem without revealing internal
filesystem details.

The software stack also provides a practical development path.
React/Vite can bedeveloped independently from FastAPI. The

backend can be tested using API
clientsbeforethefrontendiscomplete.Individualcomputer-
visionmodulescanbetestedusingsaved intermediate images. This

incremental workflow reduces the risk of debuggingseveral unrelated
problems at the same time.

A practical deployment should separate configuration from source
code. Model paths,working resolutions, upload limits, temporary-
directory locations, and logging levelsshould be configurable
rather than hard-coded. This allows the same application to runon
different computers without modifying the core pipeline. It also
makes future modelupgrades easier because model identifiers can
be changed through configuration.

The API should provide predictable response states. A request can
move from acceptedto processing and then to completed or failed.
If the system uses task identifiers, thefrontend does not need to
keep a long-running HTTP connection open for the
entireinference period. This is useful for CPU-oriented processing
because inference durationcan vary according to image
complexity and selected resolution.

Resource management should include cleanup of intermediate
arrays and temporaryfiles after a request finishes. Python garbage
collection alone may not immediatelyrelease every resource held
by libraries, so explicit lifecycle design is valuable. Modelreuse
should be balanced against memory availability. If the machine is
extremelyconstrained, unloading an infrequently used model may
be preferable to keeping everycomponentresident.
Thedevelopmentworkflowshouldincludeunittestsforutilities,integr
ationtestsfortheAPI, and visual tests for the image pipeline. A
utility test can verify resizing or masknormalization. An API test
can verify task states and error responses. A visual test



, )
®

cancompare intermediate masks on a fixed input set. Together
these tests provide strongerevidence than checking only the
final browser image.

VIII. EVALUATIONMETHODOLOGYANDEXPECTE
D BEHAVIOR

The project material does not contain a controlled numerical
benchmark orexperimentally measured quality table. Therefore, a
formal evaluation should bedesigned rather than fabricated. The
evaluation can be divided into functionalcorrectness, geometric
quality, segmentation quality, visual compositing
quality,computational resource use, and robustness.

Functional evaluation should first confirm that the application
accepts valid person andgarment images, rejects invalid files,
starts the processing pipeline, returns an output,and handles
failures without crashing the service. API tests can verify request
formats,status responses, output availability, and deletion or
cleanup behavior where thosefunctions are implemented.
Geometric evaluation should inspect shoulder alignment, sleeve
direction, collarplacement, garment width, garment length, and
major contours. Test images shouldinclude straightforward frontal
or near-frontal poses as well as moderate pose variation.Difficult
poses should be included as stress cases rather than excluded,
because theyreveal the limits of sparse landmark-based alignment.
Segmentation evaluation should examine the garment mask
separately from the finalimage. A good mask should retain the
garment while suppressing the sourcebackground. Similarly,
human  parsing should provide sufficiently  useful
protectedregions. Errors in either mask can propagate into the
final composite, so intermediatemasks are valuable evaluation
artifacts.

Visual quality evaluation should examine garment texture
retention, boundarycontinuity, color consistency, transparency,
and accidental overlap with protectedregions. The system is
expected to preserve the original garment pixels more directlythan
a generative system because it uses an extracted garment image
and geometrictransformation. However, this also means that it
cannot synthesize missing texture orphysically accurate folds
when those details are absent from the source image.
Computationalevaluationshouldcomparemultipleworkingresolutio
ns.Thesameinputset can be processed at 640, 384, and 256 pixels
while recording total processing timeand peak memory. If a lower
resolution succeeds after a higher resolution fails, thefallback
mechanism can be considered functionally useful. The analysis
should reportboth success rate and visual degradation rather than
treating lower resolution asautomaticallybetter.

Robustness testing should vary image resolution, garment
background complexity,garment aspect ratio, pose, lighting, body
orientation, and clothing style. Results shouldbecategorizedby
failurestage. Thisproducesausefulengineering
profile:forexample,some cases may fail because pose landmarks
are unreliable, while others may failbecause the garment mask is
incomplete or the TPS correspondences are inappropriate.

For future research, objective metrics such as structural similarity,
perceptual distance,segmentation overlap, or user-based quality
ratings can be introduced when a suitableground-truth dataset is
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available. A formal comparison with VTON benchmarks
wouldrequireconsistentdatasets,preprocessing,evaluationprotocols,an
dhardwarereporting.Such experiments are outside the evidence
available in the current project material.

The expected behavior of the present prototype is therefore
qualitative: it
shouldproducearecognizabletransferredgarmentwhenthepersonposean
dgarmentmaskaresufficiently clear, while gracefully degrading or
failing on cases outside its geometricassumptions. This expectation
should  be communicated clearly in demonstrations
andprojectreviews.

A complete evaluation should use a fixed test protocol. The same set
of person andgarment images should be processed at each selected
resolution so that changes can beattributed to the resolution rather
than to different inputs. The hardware and softwareenvironment
should be recorded. Model versions and preprocessing parameters
shouldremain unchanged during a comparison unless the experiment
is specifically testingthoseparameters.

Functional tests should include successful and unsuccessful paths. A
valid pair
shouldreachtheoutputstage.Missingfilesshouldberejected. Unsupporte
dformatsshouldnotenter model inference. Oversized images should
be constrained before memory-intensive operations. If a model
cannot initialize, the API should return a controlledfailure rather than
leaving the task in an indefinite state. These tests evaluate
softwarereliability independently of visual quality.
Intermediate-result evaluation is particularly important for this
project. A final imagecan hide the cause of an error. Therefore, the
evaluation should inspect pose landmarks,semantic parsing, garment
mask, TPS result, effective alpha mask, and final
compositeseparately. This allows a failure taxonomy to be created.
For example, a garment mayfail because it was not extracted,
because it was extracted but incorrectly warped, orbecause it was
correctly warped but incorrectly composited.

Visual evaluation can be structured around recognizable criteria.
Garment fidelity askswhether the source garment's major colors,
patterns, and shape remain identifiable.Geometric alignment asks
whether shoulders, collar, sleeves, and lower boundariescorrespond
to the target pose. Boundary quality asks whether the transition
betweengarment and person is smooth. Occlusion correctness asks
whether protected regionsremain visible. These criteria are more
informative than a single subjective statementthat an output 'looks
good.'

Resource evaluation should include both peak memory and time. A
pipeline thatproduces a visually acceptable image but consumes more
memory than the targetmachine can provide is not successful for the
stated CPU-oriented objective.Conversely, a very low-resolution
result that completes quickly may sacrifice too muchdetail. The
desired behavior is therefore a usable trade-off supported by the
fallbackmechanism rather than a single wuniversally optimal
resolution.

A useful evaluation report should separate capability from
quality. Capability
askswhetherthepipelinecompletesarequestandreturnsanimage.Qua
lityaskswhetherthereturned image is aligned, visually coherent,
and faithful to the garment. Resourceevaluation asks whether this
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can be achieved within the target hardware limits.
Thesedimensions should be reported separately because a
system can be functional butvisually limited, or visually good
but computationally impractical.
Testcasesshouldalsoincludecontrolledvariations.Startingfromo
nepersonimageandone garment image, the experiment can
vary the working resolution while keeping allother inputs
constant. Another experiment can vary the garment
background whilekeeping the person image constant. A third
can vary the target pose. Such controlledchanges make it
easier to attribute output differences to a specific factor.

A failure log is valuable for future development. Each failed
case can record the inputcharacteristics, selected resolution,
stage at which the problem appeared, and visibleartifact. Over
time, these records can reveal recurring patterns, such as pose
failure onside views or segmentation failure on visually
similar backgrounds. This convertsqualitative debugging into
a structured engineering process.

If a formal benchmark is later introduced, the evaluation
protocol should be frozenbefore results are collected. This
prevents  selecting  only  successful  images  or
changingpreprocessing after seeing the output. The current
project can serve as the baselineimplementation, while future
methods can be compared under the same inputs
andhardwareconditions.

IX. RESULTSDISCUSSION,LIMITATIONS,PRIVACYAN
D SECURITY

The expected output of the proposed pipeline is a composited
image in which theselected garment follows the approximate
geometry of the target person's upper body.The strongest cases
are expected when the person image has clear body landmarks,
thegarment image has a clean foreground, and the target pose
does not require
extremedeformation.Intheseconditions, TPScanproduceavisuallym
eaningfultransformationwhile preserving the original garment
pixels.

The modular pipeline provides an important form of
interpretability. The system canexpose the pose landmarks,
human parsing output, garment mask, warped garment, andfinal
composite as separate intermediate artifacts during development.
These artifactsallow developers to identify whether an error
originates before or after geometricalignment. This is particularly
valuable for a student project because it converts avisually
complex application into a sequence of understandable computer-
visionoperations.

The first major limitation is garment deformation. TPS is a
smooth geometric
mapping,notaphysicalclothsimulator.Itcanstretchandbendpixelsac

cordingtocontrolpoints,but it does not know the physical
properties of fabric. It cannot automatically infer howfolds,
thickness, wrinkles, or hidden surfaces should appear under a new
pose. Extremedeformation may therefore produce stretched
textures or unnatural boundaries.

The second limitation is occlusion. A person image can contain
arms, hair, hands,accessories, or other objects that should appear
in front of or behind the garment.Simple alpha blending cannot
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always determine the correct depth ordering.
Semanticparsingprovidesusefulregioninformation,butcompleteocclusi
onreasoningisaharderproblem and remains an area for future
enhancement.

The third limitation is segmentation quality. U2NETP can estimate a
salient garmentregion, but source photographs can contain complex
backgrounds, shadows,
similarcolors,orpartiallyhiddenclothing. Imperfectmaskscanintroduce
backgroundpixelsorremove legitimate garment pixels. Similarly,
errors in human parsing can affectprotected regions and lead to
unwanted overlays.
Thefourthlimitationisvisualrealism.Becausetheproposedpipelinedoesn
otcontainadedicated generative refinement network, it does not
explicitly synthesize realisticillumination changes, cloth folds, or
unseen garment surfaces. The resulting imageshould therefore be
described as a geometric image-based try-on rather than a
completephysical simulation or guaranteed photorealistic rendering.
Privacy is a significant advantage of local processing when it is
implemented correctly.Personal photographs can remain on the local
machine rather than being uploaded to aremote VTON service.

However, local processing does not itself guarantee
privacy.Temporary images, generated results, application logs, and
browser caches can stillcontain sensitive information. The

application should retain files only as long asnecessary and should
provide appropriate cleanup.

Security becomes more important if the prototype is exposed as a
network service.Upload size limits, file-type validation, safe
temporary directories, sanitized file names,restricted filesystem
permissions, and  path-traversal  protection  should  be
applied. Authentication, authorization, HTTPS, rate limiting, and
process isolation should beconsidered for multi-user or public
deployment.

Overall, the system represents a deliberate trade-off. It prioritizes
accessibility,modularity, and local execution while accepting reduced
synthesis capability. Thecorrect evaluation question is therefore not
whether it completely replaces a high-endgenerative VTON system,
but whether it provides a useful and reproducible VTONworkflow at
a lower computational and deployment cost.

The expected result should be interpreted according to the
information available in theinputs. When the garment photograph
clearly shows the complete clothing item and theperson photograph
provides visible upper-body landmarks, the pipeline has
enoughinformation to perform a meaningful geometric transfer.
When information is missing,such as a heavily occluded sleeve, the
system cannot reliably reconstruct the hiddenportion through TPS
alone. This is a  fundamental difference  between
geometrictransformation and generative synthesis.

Interpretability is one of the strongest practical properties of the
proposed
pipeline.Developerscansaveeachintermediateresultandcompareitwitht
heexpectedbehaviorof that stage. This makes it possible to
distinguish model limitations from integrationbugs. It also makes
project demonstrations more informative because the audience
cansee how the final image is constructed rather than seeing only the
final output.

Privacy should be considered throughout the complete data lifecycle.
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personphotographentersthebrowser,travelstothelocal API,isprocess
edinmemory,maybewritten temporarily to disk, and finally
produces an output image. Each stage is apotential storage or
exposure point. A privacy-aware implementation should
minimizeretention, use controlled temporary directories, avoid
unnecessary copies, and removetemporary files after completion.
If the application is extended to remote access,network encryption
and authentication become additional requirements.

Security and resource protection are also connected. An attacker
or accidental usercould submit extremely large images or many
simultaneous tasks and consume theavailable memory and CPU.
Upload limits, concurrency controls, and timeouts reducethis risk.
The application should also avoid accepting arbitrary filesystem
paths orcommandsthroughrequest
arameters. Thesecontrolsarestandardsoftwaresafeguardsand
become more important if the academic prototype is demonstrated
on a sharednetwork.Theproject'smaintrade-
offcanthereforebestatedclearly:itreducescomputationalanddeploy
ment complexity by accepting limitations in synthesis quality and
physicalrealism. Thistrade-offisappropriatefor aCPU-oriented
academicsystem,provided
theoutputispresentedasanapproximatevisualization. Thesystemsho
uldnotbeevaluatedusing claims that require capabilities it was not
designed to provide.The absence of fabricated numerical results is
important for scientific reporting. Theproject source describes the
system design and intended advantages but does notprovide a
controlled table of measured accuracy, latency, or memory.
Therefore,
thepresentjournalshouldreportexpectedbehaviorandevaluationmet
hodologyratherthaninventing performance values. When actual
experiments are completed, the numericalresults can be inserted
into the evaluation section without changing the
architecturediscussion.A qualitative result can still be analyzed
systematically. For example, an output can bedescribed as having
correct overall placement but a weak sleeve boundary, or
goodgarment fidelity but incorrect arm occlusion. Such
descriptions identify the componentthat should be improved. A
simple visual rating scale can be used in future testing,provided
the criteria are defined before evaluation and applied consistently
across testcases.Privacy and security are also part of result quality
in a local application. A visuallycorrect result that leaves personal
photographs in temporary directories indefinitely isnot a complete
deployment solution. Cleanup behavior, access permissions,
andretention policy should therefore be tested alongside the
image-processing stages. If thesystem is demonstrated to multiple
users, task isolation should ensure that one usercannot access
another user's result by guessing a file path or task identifier.The
system's limitations should be presented as engineering
boundaries rather thanfailures of the entire VTON concept.
Geometric methods are well suited to explicitdeformation but
limited in their ability to invent missing appearance
information.Semantic parsing improves protection but depends on
model accuracy. Local executionimprovescontrol
butshiftsresourceresponsibilitytothehostmachine. Thesetrade-
offsprovide clear directions for future development.

X. FUTUREENHANCEMENTSANDCONCLUSION
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Themodulararchitecturecreatesseveralclearopportunitiesforfuturedeve
lopment.Thefirst is improved occlusion handling. A depth-aware or
layered compositing systemcouldestimate whetheranarm,hand,hair
region,oraccessory shouldappear in frontofthe garment. Instead of
using one final mask, the system could maintain separateforeground
layers and combine them according to estimated ordering.
Thesecondenhancementisdensergeometricalignment.Sparseposeland
marksprovideonly a limited number of control points. Dense
correspondence estimation or body-surface representation could
provide more accurate deformation, particularly aroundsleeves,
collars, and lower garment boundaries. A garment-type-specific
control-pointstrategy could also improve results without requiring a
large generative model.

Thethirdenhancementismulti-

garmentsupport. Thecurrentdesigncanserveasabasisfor ~ transferring
different garment categories, but each category has different

geometricand occlusion requirements. Shirts, jackets, dresses,
trousers, and accessories could berepresented by separate
transformation rules or segmentation categories.

Coordinatingmultiple garments would require consistent body
geometry and layer ordering.

The fourth enhancement is lightweight learned refinement. A
compact neural
modelcouldbeintroducedafterTPSandbeforefinaloutput,withanarrowl
ydefinedrolesuchas boundary correction, texture restoration, or
illumination adjustment. This wouldpreserve the project's modular
CPU-oriented philosophy better than replacing thecomplete pipeline
with a large generator.

The fifth enhancement is quantitative evaluation. A future version
should use a suitablepublic VTON dataset and report image-quality,
alignment, segmentation, andcomputational metrics under a fixed
protocol. Hardware configuration should berecorded because CPU
time and memory wusage are central to the project's
contribution.Human evaluation can additionally measure whether
users perceive the garment ascorrectly aligned and visually plausible.
Thesixthenhancementconcernsthewebapplication. Theinterfacecanpro
videside-by-side input and output views, processing progress, quality
warnings, retry controls, andoptional result comparison. A user could
be informed when the pipeline has fallen backfrom 640 pixels to a
lower resolution. Such feedback makes the system moretransparent
and reduces confusion when output quality varies.

In conclusion, this paper presents an Al Virtual Try-On system
designed around alightweight CPU-oriented architecture. The
proposed workflow integrates
MediaPipePoseforbodylandmarks,SegFormerforsemantichumanparsi
ng,U2NETPforgarmentextraction, ThinPlateSplinetransformationforn
on-rigidalignment,andalphablendingfor final image composition.
React/Vite and FastAPI provide the web applicationframework,
while lazy loading, model reuse, resizing, and resolution fallback
addressresourceconstraints.

The project demonstrates an alternative design philosophy for
VTON. Rather thandepending entirely on a large generative model, it
combines specialized Al perceptionwith classical geometric
processing.  This  provides visible intermediate  stages,
easierdebugging, local execution, and lower deployment complexity.
The trade-off is
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reducedabilitytosynthesizemissinginformation,realisticclothphysic
s,complexocclusion,andhigh-fidelity appearance changes.

The proposed system is therefore best viewed as an accessible
research and educationalbaseline. Its value lies in integrating
multiple computer-vision techniques into acomplete application
while explicitly considering hardware constraints and
privacy.Future work can progressively replace individual modules
with stronger models,
addquantitativebenchmarks,improveocclusionhandling,supportmo
regarmentcategories,and introduce selective learned refinement
without abandoning the modulararchitecture.
Futureimprovementscanbeintroducedincrementally.Occlusion-
awarelayeringcanbeadded without replacing the frontend. A
denser correspondence module can replace orsupplement the
current TPS anchor strategy. A garment-specific segmentation
modelcan improve foreground extraction. A compact refinement
model can be inserted aftercompositing preparation. This
incremental path is a direct benefit of the modulararchitecture and
allows future work to target the most visible limitation first.
Another important enhancement is category awareness. Different
garment types requiredifferent geometric assumptions. A shirt
may be anchored primarily around theshoulders and torso, while
trousers require lower-body landmarks and differentprotected
regions. Dresses can span multiple body areas. A future classifier
couldidentify garment category and select an appropriate
transformation and mask strategy.This would improve the
usefulness of the system  without requiring one
universalgeometricrule.

A production-oriented version could also introduce explicit task
cancellation andresource monitoring. If a user cancels a request,
the backend should stop unnecessaryprocessingandreleaserequest-
specificmemory.Aprogressindicatorcouldshowwhichstage is
running. A resource warning could explain when the pipeline has
moved from640 to 384 or 256 pixels. These changes would make
the system more transparent andpredictable during longer CPU
inference tasks.

Thestrongestlong-
termresearchdirectionisahybridsystem.ClassicalTPScanremainres
ponsible for coarse geometric alignment because its behavior is
interpretable andcomputationally manageable. A small learned
module can then refine boundaries,restore texture continuity, and
improve garment-body integration. This would preservethe
project's CPU-oriented philosophy while addressing some
limitations that cannot besolved by geometry alone.In summary,
the proposed Al Virtual Try-On System demonstrates a
completeworkflow built from specialized pretrained inference
models and classical imageprocessing. MediaPipe Pose,
SegFormer, and U2NETP provide perception; TPSprovides non-
rigid alignment; morphology and alpha blending provide
controlledcomposition; React/Vite and FastAPI provide the
application interface; and memory-aware execution makes the
workflow suitable for ordinary hardware. The projecttherefore
provides a practical academic baseline for future VTON research.
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