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ABSTRACT 
  AR & VR – Augmented reality and Virtual Reality what was one a dream is now a reality and used by millions of people in gaming 

environment and other domains. The recent marketing of cost-effective devices has increased the use of AR and VR. AR and VR is 

used in many industries like construction, manufacturing, education, fashion designing, healthcare etc., MRITF – Mixed Reality 

Interfaces have made a huge impact on creating new environments from which industries like education, military training, design 

etc., can have major benefits. This paper focuses on three factors i) How AR & VR tools work – the technology behind multi modal 

sensory action and reaction 2) The recent market products available in AR and VR iii) The use of AR, VR, MRITF in Industry.  

INDEX TERMS – Augmented Reality, Virtual Reality, Multimodal Sensory Interaction 

 

1. INTRODUCTION 
Augmented Reality (AR) is a groundbreaking technology poised 

to redefine how we interact with digital information and the 

physical world. Unlike virtual reality, which immerses users in 

entirely simulated environments, AR overlays digital content 

onto the real world, enhancing the user's perception and 

experience. Through the integration of computer-generated 

graphics, audio, and other sensory inputs, AR seamlessly merges 

virtual elements with the user's surroundings in real-time. From 

gaming and entertainment to education, healthcare, and industry, 

AR applications are diverse and rapidly expanding. Its potential 

spans from enhancing training simulations and design 

visualization to revolutionizing retail experiences and navigation 

systems. With the proliferation of smartphones and wearable 

devices, AR has become more accessible, paving the way for 

innovative applications that blend the virtual and physical realms, 

promising to reshape how we perceive and interact with our 

environment. 

 

Virtual Reality (VR) represents a transformative technology that 

transports users into entirely simulated digital environments, 

offering immersive experiences unlike any other medium. By 

leveraging advanced computer graphics, audio, and motion 

tracking technologies, VR creates a sense of presence, enabling 

users to interact with and explore virtual worlds as if they were 

real. From gaming and entertainment to education, healthcare, 

and beyond, VR applications are diverse and increasingly 

pervasive. VR offers unparalleled opportunities for training 

simulations, architectural visualization, psychological therapy, 

and beyond, enabling users to engage with content in ways 

previously unimaginable. With the advent of more accessible VR 

hardware, including headsets and motion controllers, the 

technology is becoming increasingly mainstream, promising to 

revolutionize various industries and redefine how we perceive 

and interact with digital content. As VR continues to evolve and 

improve, it holds the potential to fundamentally transform 

entertainment, communication, and human-computer interaction 

in the years to come. 

 

Mixed Reality (MR) represents an innovative blend of both 

Augmented Reality (AR) and Virtual Reality (VR), offering a 

spectrum of experiences that seamlessly integrate digital content 

with the real world. MR differs from AR by not just overlaying 

digital elements onto the physical environment but by anchoring 

them in place, allowing for more immersive interactions. By 

combining elements of both virtual and real worlds, MR enables 

users to interact with and manipulate virtual objects while still 

being aware of their physical surroundings. This unique 

capability opens up a wide range of possibilities across various 

industries, including gaming, education, healthcare, and 

manufacturing. MR devices, such as headsets and smart glasses, 

provide users with immersive experiences that blend the best 

aspects of AR and VR, creating environments where virtual and 

physical elements coexist and interact. As MR technology 

continues to evolve, it promises to revolutionize how we work, 

learn, play, and interact with digital content in the future. 
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2. LITERATURE REVIEW 
Table 1 – Surveyed AR Papers 

Title Authors Journal/Conference Year 

"A Survey of 

Augmented 

Reality" 

Ronald 

Azuma 

Presence: 

Teleoperators and 

Virtual Environments 

1997 

"Handbook of 
Augmented 

Reality" 

Borko Furht, 
Marco 

Aurélio 

Casanova 

Springer 2011 

"Augmented 
Reality: A 

Practical Guide" 

Stephen 
Cawood, 

Mark Fiala 

Pearson Education 2013 

"Augmented 
Reality for 

Learning: A 

Systematic 

Review of the 
Research" 

Yanyan Li, 
J. Michael 

Spector 

Educational 
Technology Research 

and Development 

2017 

"Augmented 

Reality in 

Education: A 
Review of the 

Literature" 

Henry D. 

Schmalstig, 

Thomas M. 
Philip 

Journal of 

Educational 

Technology Systems 

2019 

"Augmented 

Reality 
Technology for 

Architecture and 

Construction 

Industry: A 
Comprehensive 

Review" 

Oluwole 

Alfred 
Olatunji, 

Adeniyi 

Sunday 

Adelakun 

Journal of 

Construction 
Engineering and 

Management 

2019 

"A survey of 

augmented 
reality 

technologies, 

applications and 

limitations" 

Junmin Yeo, 

Gun Lee, 
Sang-Joon 

Lee 

International Journal 

of Multimedia and 
Ubiquitous 

Engineering 

2014 

"Augmented 

Reality in 

Manufacturing: 

A Survey" 

M. A. Akber 

Dewan, M. 

M. Hayes, S. 

A. S. Abu-
Naser 

The International 

Journal of Advanced 

Manufacturing 

Technology 

2017 

"Augmented 

Reality in 

Healthcare: A 
systematic 

mapping study" 

Antônio A. 

F. Loureiro, 

Fábio 
Macedo 

Fontes, 

Rafaelle 

Venâncio de 
Souza Silva 

Journal of Biomedical 

Informatics 

2020 

"Augmented 

Reality: A 

Bibliometric 
Analysis of 

Scientific 

Production" 

Francisco J. 

García-

Peñalvo, 
Roberto 

Therón 

Future Generation 

Computer Systems 

2019 

 

These papers cover a wide range of topics within the field of 

Augmented Reality, including its applications, technologies, 

limitations, and future prospects. They provide valuable insights 

and research findings for anyone interested in exploring or 

studying AR. 

Table 2 – Surveyed VR Papers 

Title Authors Journal/Conference Year 

"Virtual 

reality: past, 

present, and 

future" 

Mel Slater, 

Maria V. 

Sanchez-Vives 

Neurosci. Biobehav. 

Rev. 

2016 

"The 

Psychology of 

Virtual 
Reality" 

David M. 

Waterworth, 

Alberto Barbieri 

 
2019 

"The Impact of 

Virtual Reality 

on Academic 
Performance: 

A Literature 

Review" 

Malory Nye, 

Jiten Patel, 

Gavin Baxter 

Journal of Virtual 

Worlds Research 

2018 

"Virtual 
Reality in 

Psychology: A 

Review of 

Trends and 
Developments" 

John A. Bown, 
Paul M. G. 

Emmelkamp 

Virtual Reality 2001 

"The use of 

virtual reality 

in psychology: 
A case study in 

visual 

perception" 

J. A. V. E. 

Veltman, J. 

Gaillard 

International Journal 

of Human-Computer 

Interaction 

1996 

"Virtual 
Reality and 

Augmented 

Reality as 

Distraction 
Interventions 

for Pediatric 

Pain: A 

Systematic 
Review and 

Meta-

Analysis" 

Sachi Shah, 
Lawrence Lam, 

Kristine Van 

Aarsen 

J. Pediatr. Psychol. 2020 

"Virtual 
Reality for 

Pediatric 

Needle 

Procedural 
Pain: Two 

Randomized 

Clinical Trials" 

Jeffrey I. Gold, 
Lynnda M. 

Dahlquist, 

Louis A. Levine 

JAMA Pediatrics 2019 

"Virtual reality 
distraction for 

pain control 

during 

periodontal 
scaling and 

root planing 

procedures" 

A. Furman, Y. 
Samson-

Agranat, A. M. 

Davidovitch 

Quintessence 
International 

2009 

"Virtual 

Reality for 

Anxiety 

Reduction 

Jonathan S. 

Steuer, Paul F. 

Mintzer 

Journal of 

Cybertherapy and 

Rehabilitation 

2010 
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Demonstrated 

by 

Quantitative 
EEG: A Pilot 

Study" 

"Virtual reality 

exposure 
therapy for 

anxiety 

disorders: a 

meta-analysis" 

Michael J. 

Botella, Cristina 
Mira, Diana 

García-Palacios 

Rev. Psicopatol. 

Psicol. Clín. 

2017 

 

These papers cover various aspects of Virtual Reality, including 

its applications in psychology, healthcare, education, and more. 

They provide insights into the effectiveness, challenges, and 

future directions of VR technology across different domains. 

 

Table 3 – Surveyed MR Papers 

Title Authors Journal/Conference Year 

"A Taxonomy 

of Mixed 

Reality Visual 

Displays" 

Paul 

Milgram, 

Haruo 

Takemura 

IEICE Transactions 

on Information and 

Systems 

1999 

"Mixed Reality: 

A Survey" 

Paul 

Milgram, 

Fumio 

Kishino 

Presence: 

Teleoperators and 

Virtual Environments 

1994 

"A review of 

recent advances 

in augmented 

reality" 

Dieter 

Schmalstieg, 

Tobias 

Hollerer 

IEEE Transactions on 

Visualization and 

Computer Graphics 

2016 

"Trends and 

issues in 

augmented 

reality" 

D. 

Schmalstieg, 

D. Wagner, 

D. Reitmayr 

IEEE Virtual Reality 

Conference 

2008 

"The past, 

present, and 

future of mixed 

reality: an 
experience-

based 

framework" 

Steven M. 

LaValle, 

Ryan Steed 

IEEE Transactions on 

Visualization and 

Computer Graphics 

2016 

"A Review of 
the Definitions 

and Measures of 

Engagement" 

Jessica R. 
Cauchard, 

Georg Regal 

ACM Transactions on 
Computer-Human 

Interaction 

2017 

"Mixed Reality 

Based Training 

for Emergency 

Response" 

G. Usoh, K. 

Arthur, M. C. 

Whitton 

Presence: 

Teleoperators and 

Virtual Environments 

1999 

"Mixed Reality 
in Education, 

Entertainment, 

and Training" 

Benjamin 
Lok, C. Ray 

Smith 

IEEE Computer 
Graphics and 

Applications 

2018 

"Augmented 
Reality: A 

Practical Guide" 

Stephen 
Cawood, 

Mark Fiala 

Pearson Education 2013 

"Mixed Reality 

Systems: 
Foundations and 

Development" 

Masayuki 

Nakajima, 
Gudrun 

Klinker 

Springer 2001 

 

These papers cover a wide range of topics within the field of 

mixed reality, including its applications, technologies, user 

experience, and future prospects. They provide valuable insights 

and research findings for anyone interested in exploring or 

studying MR. 

 

3. MULTIMODAL SENSORY INTERACTION IN AR VR 

& MR 
Enhancing Immersion and Interaction 

In the realms of Augmented Reality (AR), Virtual Reality (VR), 

and Mixed Reality (MR), the concept of multimodal sensory 

integration stands as a cornerstone for enhancing immersion and 

interaction. By seamlessly blending various sensory inputs, 

including visual, auditory, tactile, and sometimes olfactory or 

gustatory stimuli, these technologies aim to create a holistic and 

immersive experience for users. This essay delves into the 

significance of multimodal sensory integration in AR, VR, and 

MR, exploring how it enhances user engagement, interaction, and 

overall experience. 

 

1. Visual Sensory Integration: 

Visual sensory inputs play a pivotal role in all three realities - AR, 

VR, and MR. In AR, digital overlays are integrated with the user's 

real-world environment, augmenting their visual perception. VR 

immerses users in entirely simulated environments, where visual 

stimuli are generated solely by computer graphics. MR combines 

both aspects, overlaying digital content onto the real world, thus 

requiring seamless integration of virtual and physical visual cues. 

Techniques such as photorealistic rendering, dynamic lighting, 

and spatial mapping are employed to enhance visual fidelity and 

realism, contributing to a more immersive experience. 

 

2. Auditory Sensory Integration: 

Incorporating auditory stimuli is crucial for enhancing immersion 

and spatial awareness in AR, VR, and MR environments. Spatial 

audio techniques are utilized to simulate 3D soundscapes, 

enabling users to perceive sound sources' direction and distance 

accurately. Whether it's the chirping of birds in an augmented 

park, the echoes of footsteps in a virtual dungeon, or the 

spatialized voice commands in a mixed reality training 

simulation, auditory cues contribute significantly to the overall 

sense of presence and immersion. 

 

3. Tactile Sensory Integration: 

While primarily focused on visual and auditory modalities, recent 

advancements in haptic technology have introduced tactile 

feedback into AR, VR, and MR experiences. Haptic feedback 

devices such as gloves, vests, and controllers simulate tactile 

sensations, allowing users to feel virtual objects' texture, weight, 

and resistance. In AR, tactile feedback enhances interaction with 

virtual objects overlaid onto the physical environment, while in 

VR and MR, it adds a layer of realism and engagement by 

providing sensory feedback that complements visual and 

auditory stimuli. 
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4. Olfactory and Gustatory Sensory Integration: 

Although less common, incorporating olfactory and gustatory 

stimuli can further enhance immersion in AR, VR, and MR 

experiences. Olfactory interfaces, such as scent-emitting devices, 

can recreate specific smells corresponding to virtual 

environments, adding an extra dimension to the user's sensory 

perception. Similarly, gustatory interfaces, though still in 

experimental stages, have the potential to simulate taste 

sensations, further enriching the overall sensory experience. 

While not widely implemented due to technical challenges and 

limited applicability, these modalities offer avenues for more 

immersive and engaging experiences, particularly in 

entertainment, simulation, and training applications. 

 

5. Challenges and Future Directions: 

Despite significant advancements, several challenges persist in 

achieving seamless multimodal sensory integration in AR, VR, 

and MR. These include technical constraints, such as device 

compatibility, latency, and sensory fidelity, as well as perceptual 

challenges, such as sensory conflicts and motion sickness. 

Moreover, individual differences in sensory perception and 

preferences necessitate adaptive approaches to accommodate 

diverse user needs. Future research directions may focus on 

refining existing techniques, exploring novel sensory modalities, 

and developing more intuitive interaction paradigms to create 

truly immersive and inclusive AR, VR, and MR experiences. 

 

In conclusion, multimodal sensory integration plays a pivotal role 

in shaping the immersive and interactive nature of AR, VR, and 

MR technologies. By seamlessly blending visual, auditory, 

tactile, and potentially olfactory and gustatory stimuli, these 

modalities aim to create holistic and engaging experiences that 

transcend traditional forms of media. As technology continues to 

evolve and our understanding of human perception deepens, the 

potential for creating truly immersive and impactful AR, VR, and 

MR experiences becomes increasingly promising. 

 

4. PRODUCTS IN AR, VR, MR 
Table 4 – Products in AR, VR, MR 

Category AR Products VR Products MR Products 

Headsets Microsoft 

HoloLens, 
Magic Leap 

One, Google 

Glass 

Oculus Rift, 

HTC Vive, 
PlayStation 

VR 

Microsoft 

HoloLens 2, 
Magic Leap 1, 

Nreal Light 

Smart 
Glasses 

Vuzix Blade, 
Epson 

Moverio, 

North Focals 

- Google Glass 
Enterprise 

Edition 2, 

Vuzix Blade 

AR 

Mobile 

Apps 

Pokemon Go, 

Snapchat, 

IKEA Place 

Google 

Cardboard, 

Samsung 

Gear VR 

- 

Gaming 

Consoles 

- PlayStation 

VR, Oculus 

Quest 

- 

Enterprise 

Solutions 

TeamViewer 

Pilot, PTC 

Vuforia, 
Ubimax 

Frontline 

- Microsoft 

Dynamics 365 

Remote Assist, 
Spatial 

Education 

& 
Training 

zSpace, 

Anatomy 4D, 
Google 

Expeditions 

Google Earth 

VR, Oculus 
Education, 

AltspaceVR 

HoloPatient, 

SimforHealth, 
Mursion 

 

Please note that this list is not exhaustive and focuses on some 

prominent products in each category. Additionally, the 

availability of products may vary depending on the region and 

market trends. 

 

5. THE USE OF AR, VR, MR IN INDUSTRY 
1. Gaming 

Augmented Reality (AR): AR has revolutionized the gaming 

industry by blending virtual elements with the real world. Games 

like Pokémon GO leverage AR to allow players to catch virtual 

creatures overlaid onto real-world environments using their 

smartphones. AR gaming encourages physical activity and social 

interaction while providing immersive gameplay experiences. 

 

Virtual Reality (VR): VR gaming immerses players in fully 

simulated environments, providing unparalleled levels of 

immersion and interaction. Platforms like Oculus Rift and HTC 

Vive offer high-quality VR experiences, enabling gamers to 

explore virtual worlds, engage in realistic simulations, and 

interact with virtual objects in ways previously unimaginable. 

 

Mixed Reality (MR): MR introduces virtual elements into the 

real world, allowing for seamless interaction between digital and 

physical environments. MR gaming experiences, such as 

Microsoft's HoloLens, combine virtual characters and objects 

with the player's surroundings, enabling innovative gameplay 

mechanics and immersive storytelling. 

 

2. Healthcare 

Augmented Reality (AR): AR is transforming healthcare by 

enhancing medical training, surgical planning, and patient care. 

AR applications provide medical students with interactive 

anatomy lessons, allowing them to visualize complex structures 

in 3D. Surgeons use AR-assisted systems for preoperative 

planning, intraoperative navigation, and real-time guidance 

during procedures, improving precision and patient outcomes. 

 

Virtual Reality (VR): VR technology is used in healthcare for 

pain management, rehabilitation, and exposure therapy. VR 

simulations offer immersive environments for patients 

undergoing physical therapy, allowing them to perform exercises 

in virtual settings. VR exposure therapy is effective in treating 

phobias, PTSD, and anxiety disorders by gradually exposing 

patients to feared stimuli within controlled virtual environments. 

 

Mixed Reality (MR): MR enhances medical training and patient 

education by combining virtual and physical elements. MR 

applications enable healthcare professionals to interact with 
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holographic patient data, visualize medical imaging scans in 3D, 

and simulate surgical procedures in a mixed reality environment. 

MR-based telemedicine platforms facilitate remote consultations 

and collaborative decision-making among healthcare teams. 

 

3. Education 

Augmented Reality (AR): AR is revolutionizing education by 

providing interactive and immersive learning experiences. AR 

apps like Google Expeditions enable students to explore virtual 

field trips to historical landmarks, natural wonders, and cultural 

sites. AR educational tools enhance engagement and retention by 

visualizing abstract concepts and providing hands-on learning 

experiences. 

 

Virtual Reality (VR): VR technology is transforming education 

by offering immersive simulations, virtual laboratories, and 

experiential learning environments. VR applications enable 

students to conduct virtual experiments, explore historical events, 

and interact with complex systems in a safe and controlled 

setting. VR-based training programs improve skill acquisition 

and retention in various fields, including aviation, engineering, 

and healthcare. 

 

Mixed Reality (MR): MR enhances educational experiences by 

blending virtual and physical elements in interactive learning 

environments. MR applications enable students to interact with 

holographic objects, manipulate digital content, and collaborate 

with peers in mixed reality spaces. MR-based educational 

platforms facilitate distance learning, virtual classrooms, and 

collaborative projects across different disciplines. 

 

6. CONCLUSION 
In conclusion, AR, VR, and MR technologies are revolutionizing 

industries such as gaming, healthcare, and education by 

providing immersive and interactive experiences. From 

enhancing gameplay experiences and improving patient care to 

transforming teaching methods and facilitating remote 

collaboration, AR, VR, and MR have the potential to reshape the 

way we work, learn, and interact in the digital age. 
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