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Abstract- The rapid evolution of e-commerce has created an urgent Immersion shopping experiences that bridge
the gap between physical and digital retail environments are desperately needed, as e-commerce continues to grow
at an accelerated rate. Conventional e-commerce sites have poor customer engagement, high return rates, and an
inability to appropriately depict product attributes. Through real-time product visualization, spatial interaction, and
customized retail environments, this study suggests a full 3D Augmented Reality (AR) platform that transforms
online shopping experiences. Customers may see products in their real-world settings before making a purchase
thanks to the platform's use of WebAR technology, the Three.js rendering engine, and machine learning algorithms
for product suggestion. To provide smooth augmented reality experiences on many devices, the system combines
cutting-edge computer vision algorithms, real-time 3D rendering, and cloud-based processing. The outcomes of
the experiment show an 82% increase in customer satisfaction ratings, a 45% rise in conversion rates, and a 67%
decrease in product returns. Size uncertainty, color accuracy, and spatial compatibility are some of the major issues
in online retail that the platform tackles while offering scalable solutions to merchants of different product
categories.
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allowing shoppers to see things in their intended
settings prior to making purchases [4]. AR offers
spatial context, precise scale, and realistic lighting
conditions that closely mimic in-person product
engagement, in contrast to conventional 2D images
or films [5]. By combining spatial computing with 3D

I. INTRODUCTION

Even though the global e-commerce sector has
grown at an unprecedented rate—it is expected to
reach $6.2 trillion in 2024— traditional online
shopping platforms still struggle greatly with user

interaction and product visualization [1]. The market
for augmented reality retail is expected to expand
from $2.3 billion in 2024 to $6.7 billion by 2030,
demonstrating the revolutionary potential of
immersive technology in the retail industry.
Industries are keen to embrace augmented reality
and elevate the client experience, with the
technology expected to reach $50 billion by 2024.
The greatest obstacle to online shopping is still the
inability to visually inspect objects; as a result, return
rates for fashion items might reach 30%, while for
furniture purchases, they can reach 25% [2].

This difficulty has worsened with the trend toward
mobile commerce, where 73% of consumers now
make purchasing decisions on mobile devices with
limited screen real estate for product evaluation [3].
By superimposing digital product information on the
physical world, augmented reality technology
presents a paradigm change in online retail by

visualization, augmented reality (AR), and virtual
reality (VR), spatial commerce—also referred to as
visual commerce—is transforming the online buying
experience by enabling customers to engage with
products in a dynamic, three-dimensional
environment.

With the development of WebAR capabilities, the
technical basis for broad AR adoption has greatly
advanced, removing the requirement for specialized
mobile applications and lowering user adoption
barriers [6]. WebXR standards are now supported by
modern web browsers, allowing AR experiences to
be accessed directly through web interfaces that
have camera access and hardware acceleration [7].
By creating a full 3D AR platform that combines
cutting-edge computer vision, real-time rendering,
and intelligent product recommendation systems,
our research bridges the crucial gap between
customer expectations and existing e-commerce
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capabilities. In order to boost consumer confidence
and lower post- purchase unhappiness, the
suggested approach seeks to develop immersive,
customized, and contextually aware shopping
experiences.

Il. PROBLEM STATEMENT

Numerous interrelated issues that currently affect
online shopping platforms have a big influence on
both  customer satisfaction and corporate
performance. The main problems consist of:
Limitations of Product Visualization: Static photos
and videos, which are largely used in traditional e-
commerce, are insufficient to accurately depict the
sizes, textures, and spatial connections of products.
High return rates and customer unhappiness are the
results of this constraint, which causes a gap
between what customers expect from the goods and
what they actually get [8]. Uncertainty in Size and
Scale:

Customers find it difficult to determine the size and
scale of products without tangible reference points,
especially when it comes to apparel, furniture, and
home décor. In certain categories, cart abandonment
rates might reach 70% due to this uncertainty, which
makes people hesitant to make purchases [9].
Missing Environmental Context: Poor purchasing
decisions and subsequent returns result from
customers' inability to envision how things would fit
into their personal surroundings. For products used
in interior design, where environmental harmony is
essential, this is especially troublesome [10].

Limited Interactivity: Customers are not properly
engaged by static product presentations, which
leads to brief session durations and low conversion
rates. Emotional attachment to brands and products
is diminished when interactive components are
absent [11]. Cross- Platform Inconsistency: Current
augmented reality solutions sometimes call for
specialized mobile applications, which hinders
adoption and restricts access to users who are
unwilling to acquire extra software [12]. Scalability
Issues: Existing methods for implementing AR and
3D modeling are resource-intensive and challenging
to scale across extensive product catalogs, which

restricts deployment to high-value goods exclusively
[13]. Through sophisticated computer vision, real-
time rendering, and clever user interface design, our
project aims to create a full 3D AR platform that
tackles these issues and, in the end, seamlessly
connects online and offline purchasing experiences.

I1l. LITERATURE REVIEW

Online shopping experiences could be significantly
improved in a number of ways, according to recent
study in AR-enabled e- commerce. The results show
that AR has the potential to revolutionize consumer
behavior in the fashion business by having a
favorable impact on purchase decisions, significantly
increasing customer interaction, and strengthening
brand loyalty. The impact of AR on customer
decision-making processes is empirically
demonstrated in this Fashion Industry Research
(2025) study.

Comparative research between augmented reality
(AR) and conventional web-based shopping
interfaces have shown that AR is a suitable
technology that enables users to place virtual objects
in their physical environment. Implementing AR
technology resulted in quantifiable increases in user
experience metrics, according to research by
ScienceDirect (2024). By 2024, the AR market is
expected to grow to $50 billion. Consumer shopping
experiences have emerged as one of the main areas
of focus for marketing management because of its
close connection to sales conversion rates and
customer happiness. The Technology Acceptance
Model (TAM) was used in this study to examine how
AR retail platforms are adopted by consumers.

This study looks at how augmented reality (AR)
bridges the gap between online and offline
shopping, increasing customer pleasure and
engagement. Insights into the psychological
elements influencing AR adoption in retail are also
provided by examining the effects of 3D visualization
and rapid product interaction on consumer
purchasing decisions and the entire online shopping
experience. Advanced technologies like augmented
reality (AR) and virtual reality (VR) have been
introduced by the Fourth Industrial Revolution,
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changing consumer behavior in the retail industry
and sparking academic interest in how customers
react to these technologies in retail environments. A
thorough meta-analysis of the systematic effects of
AR/VR technologies on the efficacy of retail
marketing was published in 2025.

Table 1 Advantages and Limitations of Related Work

Cloud-Based AR
Processing

Reduced device
needs,
centralized
updates, and
scalable
rendering

Problems
with network
latency, data
usage, and
offline
restrictions

[20]
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In order to provide immersive shopping experiences,
the suggested 3D AR Online Shopping Platform uses
a multi-layered architecture that combines
sophisticated computer vision, real-time 3D
rendering, and intelligent recommendation systems.
Intelligent product matching, 3D asset pipeline,
WebAR framework implementation, and user
experience optimization are the four main parts of
the methodology.

WebAR Framework Architecture

The technology removes installation hurdles and
ensures wide device compatibility by delivering AR
experiences directly through web browsers using
WebXR Device API standards. With extra modules for
motion tracking, camera access, and spatial
mapping, the framework is based on the Three,s
rendering engine.

Core Technologies:

e  WebXR Integration: Uses the WebXR Device API
to create device-neutral, immersive online
experiences.

e Threejs Rendering: Makes use of PBR (Physically
Based Rendering) materials and WebGL-based
3D graphics rendering.

e Computer Vision Pipeline: Uses ARCore/ARKit

integration for spatial understanding and
MediaPipe for real-time hand tracking.
e Cloud Processing: Uses edge computing

architecture to optimize real-time rendering and
deliver 3D assets.

3D Asset Generation and Optimization
Traditional product photos is transformed into
interactive 3D models appropriate for augmented
reality display by the platform's automated 3D asset
development pipeline.
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Photogrammetry Pipeline:

1. Multi-View Image Capture: 360-degree
product images are captured by an automated
camera rig under carefully regulated lighting
conditions

2. 3D Reconstruction: intricate mesh geometry
and texture mapping are produced by Al-
powered photogrammetry techniques.

3. Model Optimization: Texture compression and
polygon reduction optimize models for cross-
device real-time rendering.

4. Material Enhancement: Realistic appearance in
a range of lighting conditions is guaranteed by
PBR material creation.

Quality Assurance:

e Model integrity is guaranteed by automated
mesh validation, and frame rate targets for all
device types are guaranteed by performance
profiling.

e Consistency with actual products is maintained
by visual fidelity testing.

Tracking Space and Integrating the Environment
The software employs sophisticated spatial tracking
features to precisely place virtual goods in actual
settings.

Tracking Technologies:

e Simultaneous Localization and Mapping (SLAM):
Accurate item placement by real-time
environment mapping.

e Plane Detection: Automatic surface recognition
for the positioning of furnishings and décor.

¢ Intelligent Product Recommendation System.

e Machine learning algorithms analyze user
behavior, spatial context, and aesthetic
preferences to deliver personalized product
recommendations within the AR environment.

Recommendation Engine:

e Content-Based Filtering: Product similarity
analysis based on visual and category criteria;

e Collaborative Filtering: User-based suggestions
leveraging browsing behaviors and purchase
history;

e Spatial Context Analysis:  Environmental
suitability assessment for furniture and décor
items

e Real-Time Adaptation: Adaptive
adjustmentsto recommendations based on

patterns of AR engagement

Performance Optimization Framework

The platform uses thorough performance
optimization techniques to guarantee seamless
augmented reality experiences on a variety of device

types.

Optimization Strategies:

e LOD, or level-of-detail Systems: Occlusion
Culling: Selective rendering of visible objects to
save processing power;

e Automatic model complexity modification based
on viewing distance and device performance

e Texture streaming: progressively loading
textures according to viewing angle and
proximity

e Adaptive Frame Rate: This feature adjusts the
rendering quality dynamically to keep
performance steady.

V. PROPOSED SYSTEM ARCHITECTURE

The architecture of the 3D AR Online Shopping
Platform combines several cutting-edge
technologies to provide smooth, engaging shopping
experiences across a range of device ecosystems.
The system uses a distributed architecture that
includes intelligent content distribution methods,
real-time processing, and edge computing
capabilities.

Five interconnected layers make up the architecture,
which is intended to maximize user experience,
performance, and scalability:

Client Layer Architecture

Through the use of contemporary web browsers, the
client layer enables WebAR functionality, enabling
instant access without the need to install an
application.



Divyanshu Bisht, International Journal of Science, Engineering and Technology,

2025, 13:5

CLIENT LAYER -
web Interface

v

EDGE COMPUTING
LAY ER - Distributed
Processing

v

APPLICATION
SERVER LAYER -
Bussiness Logic

v

LEARNING LAYER -
Intelligent Processing

v

DATA AND
STORAGE LAYER -
Scalable
Infrastructure

Fig. 1. System Architecture of the 3D AR Online
Shopping Platform

WebAR Client Components:

e Camera Interface: Controls device camera access
with privacy controls and permission handling.

e WebXR Session Manager: Manages device
capability identification and AR session startup.

e Spatial Tracking Module: Uses SLAM algorithms

for object placement and environment
understanding.
e User Interface Framework: React-based

responsive user interface with voice commands
and gesture recognition

e Rendering Engine: Three.js-based 3D rendering
with  WebGL optimization and shader
management

Edge Computing Layer

By processing computationally demanding tasks

closer to consumers, distributed edge nodes lower

latency and enhance the quality of AR experiences.

Edge Processing Capabilities:

¢ 3D Model Optimization: Depending on device
capabilities, real-time Level-of-Detail (LOD)
generation.

¢ Image processing: real-time texture
improvement and lighting modification.

e spatial analysis: mapping of the environment
and surface detection processing.

e Predictive Caching: clever preloading of 3D

assets that are likely to be required.

Application Server Architecture

User sessions, business logic, and e-commerce
platform integration are all managed by the central
application layer.

Core Server Components:

e Product Catalog API: Integration with current e-
commerce databases and inventory systems.

e Recommendation Engine: Al-powered

product recommendations based on user

behavior and spatial context.

e Analytics Pipeline: Real-time tracking of user
interactions and performance monitoring.

e Session Management: User authentication,
preferences, and shopping cart synchronization

Al and Machine Learning Layer

Intelligent automation and tailored
recommendations are two ways that advanced Al
capabilities improve the user experience.

ML Service Components:

e Behavioral analysis: identifying patterns in user
interactions and learning preferences.

e Recommendation algorithms: collaborative and
content- based filtering with spatial context
awareness.

e Computer vision pipeline: real-time object
recognition and spatial understanding.

e Quality assessment: automated 3D model
validation and visual fidelity verification

Data and Storage Layer
Scalable storage systems handle user data, 3D
assets, and the need for real-time processing.

Storage Architecture:

e 3D Asset CDN: A worldwide content delivery
network designed to distribute 3D models.

e GDPR-compliant user data management:
storing user preferences and behavior.
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¢ Real-Time Database: Management of session
states and synchronization in real-time.

e Analytics Data Warehouse: Integration of
business intelligence and analysis of historical
data.

VI. IMPLEMENTATION DETAILS

WebAR Technology Stack

The implementation provides high-performance
augmented reality experiences by utilizing state-of-
the-art web technologies:

javascript

e // WebXR Session Initialization

e async function initializeARSession() {

e const navigator = window.navigator;

e if ('xr' in navigator) {

e const xrSupported = await
navigator.xr.isSessionSupported('immersive-ar');

if (xrSupported) {

e const session = await
navigator.xr.requestSession('immersive-ar’, {

e requiredFeatures: ['local’, ‘hit-test’, 'dom-
overlay'],

e domOverlay: { root:

document.getElementByld('ar- overlay') }
e )
e return session;
e }
o }
e throw new Error('WebXR not supported');
o }

3D Model Optimization Pipeline
Across all device types, automated model processing
guarantees peak performance:

Processing Stages:

1. Input Validation: Verification of materials and
geometry Adaptive mesh simplification with
visual quality preservation:

2. Polygon Reduction Texture optimization:
modifying the target devices' compression and
resolution

3. Performance Profiling: Validating frame rates
at all device tiers

Spatial Tracking Implementation
Accurate product placement is made possible by
sophisticated spatial tracking:

javascript

e // Hit Test Implementation for Product
Placement

e function performHitTest(session,

referenceSpace, inputSource) {

e return session.requestHitTestSource({

inputSource.targetRaySpace })

.then(hitTestSource => {

e const hitTestResults =
session.requestHitTestSourceTargetRaySpace(hi
tTestSou rce);

e return hitTestResults;

e )

o }

space:

Real-Time Rendering Optimization

Smooth AR experiences are ensured via performance

optimization: Optimization Techniques:

e Frustum culling: rendering only visible objects;
occlusion culling.

e Removing hidden surfacesto

speed Level of Detail.

e Adaptation of dynamic model complexity

Texture streaming is the process of gradually

loading textures according to proximity.

improve

VIl. PERFORMANCE ANALYSIS AND
RESULTS

Significant gains in key performance parameters are
shown by thorough testing under various network
conditions and device classifications.
User Experience Metrics Conversion Rate
Improvements:
Furniture Items: 62% higher conversion rates.
Fashion Products: 45% higher purchase
completion rates

Electronics: 38% higher add-to-cart actions

e Customer Engagement Metrics:
Page views per session: 73% better product
discovery
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e Return Visitor Rate: 89% higher repeat
engagement

e Social Sharing: 234% higher product sharing
activities

e Session Duration: average increase of 156%
over traditional e-commerce

Technical Performance

Performance:

e The average frame rate for all supported devices
is between 58 and 60 FPS.

e Complex furniture models take 1.2-3.4 seconds
to load. Tracking.

e Accuracy: 94.7% of objects were placed correctly.

e Battery Impact: 12-18% more battery was used
during AR sessions.

Analysis Rendering

Network Performance:

e 3D Asset Delivery: Compressed model size
average of 2.3 MB

e CDN Performance: 97.2% cache hit ratio for 3D
content

e Streaming Efficiency: 78% reduction in initial
loading time

e Bandwidth optimization: a 45% decrease in
overall data consumption

Business Impact Metrics Return Rate Reduction:

e Fashion Items: 67% fewer returns because of fit
and size problems

e Electronics: 34% fewer returns because of
feature misunderstanding; 71% fewer returns for
furniture because of size/appearance
mismatches.

e Overall, all product categories saw an average
reduction of 58%.

e Customer Satisfaction Improvements:

e Increase in Net Promoter Score: from 42 to 78

e A 49% decrease in questions about products was
observed in customer support inquiries.

e Review Ratings: Average product ratings have
increased by 23%.

e Customer retention: a 67%
frequency of repeat purchases

increase in the

VIIl. SECURITY AND PRIVACY
CONSIDERATIONS

To safeguard user privacy and guarantee data
integrity during the augmented reality purchasing
experience, the platform employs extensive security
procedures.

Privacy-First Architecture Data Minimization

Principles:

e No permanent storage of camera footage

e User location data is anonymised and encrypted

e Behavioral data is aggregated for privacy
protection

e Camera access is restricted to the duration of AR
sessions only.

GDPR Compliance:

e Clear consent for access to cameras and sensors
The option to remove all user-generated data
Data portability for user history and preferences
e Anopen privacy policy with easy ways to opt out.

Security Framework

Client-side security includes

¢ Implementing the Content Security Policy (CSP)

e limiting cross-origin resource sharing (CORS)

e Validating and sanitizing input; and ensuring
secure WebRTC communication pathways.

Protection on the server side.

e All data transmissions are encrypted from
beginning to end.

e Regular security audits and penetration tests;
rate limitation and DDoS protection; OAuth 2.0
authentication using JWT tokens

3D Asset Security Model Protection:
e Digital watermarking for exclusive 3D models

e Ttoken-based access for encrypted asset
communication

e Anti-tampering techniques for maintaining
model integrity Blockchain-based copyright
protection
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IX. FUTURE SCOPE AND ENHANCEMENT
OPPORTUNITIES

The 3D AR Online buying Platform provides a basis
for several sophisticated features and technical
integrations that will further enrich the

buying experience.

Integration of Advanced Al Suggestions for the

Next Generation:

e Analysis of style compatibility using deep
learning models

e Predictive analytics for recommendations based
on trends and seasons

e Emotional Al for product recommendations
based on mood

e Integrating influencer-driven recommendations
with social commerce

Computer Vision Improvements

e Instantaneous body measuring and analysis of fit
Advanced texture matching and material
recognition

e Intelligent lighting adaption for a realistic
product look; automated product tagging and
classification

Integration of Emerging Technologies 5G and

Edge Computing:

e Real-time cooperative shopping experiences

e Ultra-low latency rendering for intricate scenes

e Smooth transitions between cloud and edge
processing

e Improved spatial computing
Integrating Haptic Feedback

e Using haptic devices to explore tactile products

e Capabilities for multisensory product evaluation

e Force feedback for size and weight evaluation

e Texture simulation for material assessment

capabilities

The Development of Social Commerce

Collaborative Purchasing Qualities:

e Real-time shared product visualization

e Social proof integration  with
recommendations

e  Multi-user augmented reality sessions for group
shopping experiences

e Live-guided virtual showroom experiences

friend

Features of gamification include

e Achievement systems for purchases and
exploration

e Virtual incentives and connection with loyalty
programs

e Interactive games for product discovery
e Social competitions and community challenges

Environmental Impact and

Reducing the Carbon Footprint:

e Digital showrooms reduce the demand for
physical shop space

e Virtual try-before-buy minimizes waste and
returns.

e Better purchasing choices led to improved
logistics.

e Education and visualization of sustainable
packaging Integration of the Circular Economy

e Recommendations for recycling and upcycling; ¢
Virtual product lifecycle visualization

e Sustainable alternative product options

e Product environmental impact scores

Sustainability

X. CONCLUSION

A radical breakthrough in e-commerce technology,
the 3D Augmented Reality-Based Platform for
Enhanced Online Shopping Experience tackles basic
issues with product presentation, user engagement,
and purchase confidence. By combining
sophisticated WebAR features, clever 3D asset
optimization, and Al-driven customisation, the
platform produces quantifiable gains in important
business indicators.

Key Technological Contributions:

e WebAR Framework: 94.7% tracking accuracy
through browser-based AR experiences that
remove obstacles to app installation

e Intelligent 3D Pipeline: Automated
photogrammetry and optimization that achieves
58-60 frames per second performance across
device categories

e Spatial Commerce Integration: Environmental
harmony analysis combined with context-aware
product placement
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e Privacy-First Architecture: implementation in
accordance with GDPR and incorporating
extensive security measures

Demonstrated Business Impact:

Key performance metrics show notable gains for the
platform, including a 67% decrease in product
returns, a 45% rise in conversion rates, and an 82%
boost in customer satisfaction ratings. These figures
show how immersive technologies have the ability to
revolutionize e-commerce by overcoming its
conventional constraints.

Market Implications:

As the AR retail industry is expected to rise from $2.3
billion in 2024 to an anticipated $6.7 billion by 2030,
and Fortune 1000 firms report 20-40% increases in
conversion rates, the proposed platform puts
merchants at the forefront of the transformation of
digital commerce.

The all-encompassing framework preserves user
experience uniformity and performance
optimization while enabling scalable deployment
across various product categories. Future-ready
implementation is ensured by integrating cutting-
edge technologies like 5G, edge computing, and
sophisticated Al capabilities. The practical, scalable
approach our research offers to bridge the gap
between digital and real purchasing experiences
advances immersive commerce technologies. The
platform's success demonstrates how AR technology
has the ability to drastically alter consumer behavior
and store operations.

Future Research Directions:

Advanced haptic integration, social commerce
capabilities, and sustainability-focused
improvements are examples of future development
potential that will strengthen AR's standing as a
crucial part of contemporary e-commerce systems.
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