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 

 

Enhancing The Fashion Retail Experience 

Through Mixed Reality: A New Frontier For 

Immersive Virtual Fitting Room Innovation 

 
 

 

Abstract—The fast fashion industry is embracing new 

technologies to meet consumers' needs and offer more engaging 

shopping experiences. This research paper examines how 

immersive virtual fitting room is able to revolutionize retail 

with mixed reality(MR) technology .This is a paradigm shift to 

improve customer engagement and simplify the process of 

choosing garments. By combining augmented reality (AR), 

virtual reality (VR), and spatial computing, MR technologies 

allow customers to engage with virtual apparel in real-time with 

realistic visualizations, fit simulation, and customization 

without requiring physical trials in trail rooms. This research 

paper delves into working with retail systems through APIs, 

real-time motion capture methods for accurate 3d model 

generation, and AI utilization for predictive adaptive fitting. 

Performance benchmarks, latency optimization strategies, and 

system scalability are evaluated using prototype testing and 

user testing. MR-driven virtual fitting rooms dramatically 

improve realism, accuracy, and personalization in digital 

clothing try-ons, creating a new technological paradigm for 

fashion retail innovation. 

 

Keywords---Virtual Reality,Augmented Reality,Spatial  

Computing,3D Rendering,AI algorithms. 

 

I. INTRODUCTION 

In recent decade the fashion retail sector is experiencing 

Mixed Reality technologies in the context of infusing 

personalization, convenience, engaging shopping and virtual 

fitting rooms that combine the real and digital worlds into the 

customer shopping experience resulting from rapidly 

evolving consumer expectations and technological 

advancements, with a specific focus on virtual fitting room 

innovations that blend digital and physical elements to create 

immersive, interactive consumer experiences. Unlike pure 

virtual reality (VR) or augmented reality (AR) applications, 

mixed reality solutions occupy a unique position on the 

reality-virtuality continuum, combining elements of both 

physical and digital worlds to create new environments 

where physical and digital objects coexist and interact in real 

time[1].The global fashion retail sector continues to grapple 

with high return rates—approximately 30-40% for online 

purchases—largely attributed to fit and style 

mismatches[2]Mixed reality virtual fitting rooms (MRVFRs) 

offer a compelling solution by creating an immersive bridge 

between physical and digital retail channels. Unlike earlier 

augmented reality (AR) applications that merely 

superimposed 2D garment images onto camera feeds, 

contemporary MRVFRs leverage sophisticated spatial 

mapping, body tracking, and physics-based simulation to 

provide realistic, three-dimensional garment visualization[3]. 

 

II. RELATED WORKS  

"Virtual Reality in Retail: A Literature Review and Future 

Directions" (2022) by Pantano and Servidio's is review paper 

about revolutionary role of virtual reality in transforming the 

shopping spaces. The authors detail the literature to see how 

VR technologies are redefining consumer-retailer 

relationships, emphasizing how VR can design engaging 

shopping experiences that depart from conventional physical 

and online boundaries. Their work examines the 

psychological aspects of virtual shopping, such as how 

presence and immersion affect consumer decision-making 

processes, emotional reactions, and purchase intentions. 

Their work serves as both a state-of-the-art review and a 

practical roadmap for retailers seeking to navigate the 

emerging virtual commerce ecosystem[4].“Augmented 
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Reality in Fashion: A Mixed-Method Investigation of 

Consumer Experiences"(2023)by Rauschnabel, P. A., Babin, 

B. J., & Ivens is a research paper which provides a deep 

analysis of how augmented reality is changing fashion 

retailing through the lens of real consumer interactions and 

experiences. The researchers used an advanced mixed-

methods methodology, merging qualitative interviews with 

large-scale quantitative surveys to reveal the subtle 

connections between AR virtual try-on apps and consumer 

buying behavior. Their work shows that AR technology 

produces a distinctive type of "phygital" experience—uniting 

physical and digital space—where shoppers can see products 

in personalized settings prior to committing to purchase. The 

study concludes with practical implications for fashion 

retailers, suggesting that AR implementations should focus 

not just on technological sophistication but on creating 

meaningful, emotionally resonant experiences that address 

specific consumer pain points in the fashion shopping 

journey. Their findings demonstrate that AR reduces 

perceived purchase risk by nearly 30% compared to standard 

imagery, while VR environments enhance product 

understanding by over one-third—technical achievements 

that directly address longstanding e-commerce pain 

points[5]. 

 

III. METHODOLOGIES 

 

Real-Time Volumetric Garment Reconstruction: A Depth-

Sensor Approach to Digital Fabric Twinning 

 

Advanced spatial mapping methods to develop accurate 

digital representations of garments in mixed reality settings. 

The process begins with high-precision 3D scanning of retail 

spaces using structured light systems to generate spatially 

accurate digital twins, enabling precise virtual garment 

placement[6]. This foundation is enhanced by real-time 

object recognition algorithms that identify physical fixtures 

and obstacles, allowing for contextual awareness during 

virtual fittings[7]. Depth sensing technologies, especially 

time-of-flight cameras calibrated to fabric properties, enable 

smooth integration of virtual garments into real-world 

environments through the recording of precise spatial data at 

60+ frames per second[8] .  The system's realism is further 

elevated through environmental lighting analysis that 

employs spherical harmonic lighting models to capture 

ambient illumination conditions, enabling physically-based 

rendering that accurately reproduces how different fabric 

materials interact with store lighting[9].  

 

 Real-Time Anthropometric Analysis for Dynamic Garment 

Visualization  

 

Body Measurement and Anthropometric Analysis in virtual 

fitting room systems utilizes advanced computer vision-

based body scanning methods that leverage deep 

convolutional neural networks to recover accurate 

anatomical keypoints from RGB camera feeds with sub-

centimeter  precision without the need for dedicated 

hardware[10]. These findings are supported by measurement 

extraction AI algorithms that have the ability to estimate 

more than 40 anthropometric measurements from plain 2D 

smart phone pictures via pose-normalization and statistical 

shape models and making precise sizing within reach for 

mainstream consumers[11]. For dynamic simulation, 

sophisticated motion capture techniques use skeletal tracking 

combined with temporal coherence constraints to capture 

how clothing contacts bodies in the course of locomotion, 

etc., to render realistic simulation of fabric behaviour upon 

walking, turning, and reach motions[12]. The personalization 

feature of the system is also supported by safe biometric data 

acquisition frameworks that encrypt and anonymize body 

measurements but have strong prediction accuracy for size 

recommendation across various clothing models and 

lines[13]. 

 

Tactile-Visual Fabric Rendering via GPU-Accelerated 

Physics 

 

Garment Physics Simulation in mixed reality fitting rooms 

creates unparalleled realism through fast physics-based 

modeling using massively parallel GPU-optimized particle 

systems, which support real-time simulation of more than 

100,000 particles to simulate intricate fabric structures with 

sub-millisecond computation times[14]. These systems use 

advanced cloth simulation algorithms that simulate non-

linear viscoelastic responses using strain-limiting constraints 

and bending stiffness tensors and replicate the unique 

draping properties of various silks to denims[15]. Virtual 

clothing fidelity is further increased through material 

property digitization platforms utilizing bidirectional texture 

functions to record and render micro-scale fabric structure to 

enable precise representation of intricate fabrics such as 

tweed or lace under changing illumination conditions[16]. 

To facilitate realistic garment-body interactions, next-

generation physical property modeling combines multi-

layered properties such as stretch resistance, weight 

distribution, and thickness variation, and real-time collision 

detection is facilitated between dynamically deforming 

garments and the human body at interactive framerates 

without visual artifacts such as interpenetration or unrealistic 

bunching [17]. 

 

Multimodal Fashion Interaction: Gesture, Voice, Haptic, and 

Gaze Integration  

 

 User Interaction Design for mixed reality fitting rooms is 

advanced through multimodal input devices combining 

markerless hand tracking and skeletal models to identify 

more than 30 separate gesture commands at 120Hz, allowing 

natural control of virtual apparel without controllers [18]. 

This interaction paradigm in the natural world is supported 

by context-aware voice command functionality using 

transformer-based language models trained on fashion 

domain-specific terminology and reaching a recognition 

accuracy of 97.2% even under noisy retail conditions and 

facilitating hands-free features like color change and style 

navigation [19]. The system produces believable tactile 

sensations by means of sophisticated haptic feedback devices 

that integrate ultrasonic mid-air haptics with wearable 

actuators to mimic different fabric weights and textures, 

producing distinct sensations for silk, cotton, and heavier 

fabrics without the need for bulky apparatus [20]. These 

interaction modalities are supplemented by high-accuracy 

eye-tracking systems that employ pupil center corneal 
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reflection methods calibrated for fashion browsing 

environments, allowing gaze-based selection of clothing 

details with sub-degree precision and lowering selection 

errors by 64% over traditional pointing techniques [21]. 

 

 

AI-Driven Fashion Personalization: Integrating Multi-

Dimensional User Data for  Style Recommendations 

 

Data-Driven Personalization for mixed reality fitting rooms 

relies on cutting-edge machine learning models that blend 

attention-based transformer structures with visual embedding 

spaces to provide extremely personalized style 

recommendations with a 47% gain in purchase conversion 

rates over existing techniques[22] . These frameworks use 

advanced purchase history analysis using sequential 

modeling methods that identify temporal trends in customer 

tastes, using bi-directional LSTM networks to forecast future 

fashion tastes with 83.7% accuracy from longitudinal 

transaction histories and fitting room interactions[23]. The 

personalization model is also strengthened by privacy-

preserving social media integration that identifies trending 

fashion items from aggregated visual data across platforms 

via federated learning methods, providing trend-based 

recommendations that stay up to date without violating 

individual user information[24]. To achieve end-to-end 

personalization, sophisticated collaborative filtering 

algorithms use tensor factorization approaches that model 

simultaneously user interests, body measurements, and 

clothing attributes, allowing the system to tap into cross-user 

recommendations that pinpoint style matches from similarity 

groups in multiple attribute axes, which boosts try-on activity 

by 28% over content-based filtering only[25]. 

 

IV. PROPOSED SYSTEM 

The proposed system combines these five methodological  

into one holistic mixed reality fashion platform. The system 

starts with spatial mapping that produces reliable digital 

twins of retail spaces, where depth sensors accurately place 

virtual clothing in physical spaces with accurate lighting. The 

module of anthropometric analysis utilizes computer vision 

to produce reliable body measurements from basic 

smartphones, which produce personalized digital twin of the 

customer that also move naturally through virtual try-ons. 

The physics engine utilizes GPU-accelerated particle systems 

to model the behavior of fabrics in real-time, taking into 

consideration material properties such as stretch and weight, 

as well as correct collision detection between clothing and 

body. User input is enabled through a multimodal interface 

of gesture recognition, voice commands, haptic feedback, 

and eye-tracking, enabling intuitive virtual garment 

manipulation without controllers. The whole experience is 

tailored through an AI-driven model that examines shopping 

history, capitalizes on trend information, and uses 

collaborative filtering to suggest likely-to-appeal styles per 

user. Such a holistic model creates a transparent link 

between bricks-and-mortar and online buying experiences, 

effectively resolving core customer pain points concerning 

fit uncertainty as well as furnishing retailers with useful 

insights about customers' needs and shopping behaviors. 

 

 

V. RESULT 

All things considered, mixed reality fashion platform 

demonstrated significant advancements across all 

performance metrics, yielding transformative results for both 

consumers and retailers. User testing revealed substantial 

reductions in size-related returns and increased purchase 

confidence, while technical assessments confirmed high 

accuracy in body measurements and fabric simulation that 

maintained excellent performance even with complex 

garments. The multimodal interface combining gesture, 

voice, haptic feedback, and eye-tracking achieved 

outstanding recognition accuracy with a remarkably short 

learning curve, resulting in high task completion rates across 

all demographics.Reduced physical inventory requirements, 

and generated invaluable data insights that improved style 

recommendation accuracy while enabling predictive 

inventory management with high forecasting precision.AI-

driven personalization creates a cohesive system that 

effectively bridges physical and digital retail experiences. 
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VI. CONCLUSION 

This research paper concludes that mixed reality technology 

presents a viable and transformative approach to addressing 

persistent challenges in fashion retail. Through the 

integration of spatial mapping, advanced anthropometric 

analysis, physics-based garment simulation, intuitive 

multimodal interaction, and data-driven personalization,the 

gap between physical and digital shopping experiences is 

bridged.The mixed reality fitting room reduce sizing 

uncertainties, increase purchase confidence, and enhance 

overall customer satisfaction. The substantial decreases in 

return rates and increases in conversion metrics suggest that 

mixed reality fitting room solutions offer tangible business 

benefits alongside improved consumer experiences.As 

fashion retail continues to evolve in an increasingly digital 

marketplace, mixed reality fitting room technologies 

represent not merely an incremental improvement but a 

fundamental reimagining of the shopping experience—one 

that preserves the tactile engagement of traditional retail 

while leveraging the convenience and technological 

advantages of digital commerce. 
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