
International Journal of Engineering Applied Science and Management 

ISSN (Online): 2582-6948 

Vol. 2 Issue 11, November 2021 

 

 

 
Paper ID: 2021/IJEASM/2/2021/1688a           1 

 

A Comparative Study on Different Techniques of Hand Interaction in a 

Virtual Reality Environment 

Ajeet Singh Rajput1, Shruti Sharma2, Shantilal Bhayal3 

Computer Science and Engineering Department1,2,3  

L.N.C.T, Indore,(M.P), India1,Vikrant Institute of Technology & Management, Indore, India2,  

Kendriya Vidyalaya, Barwani3 

ajeetsinghrajput@gmail.com1, shruti0801@yahoo.com2, subeam.bhayal@gmail.com3

 

Abstract: Mixed reality especially Virtual Reality (VR) has become a part of our lives. It had its 

limitations, but has grown to become an accessible tool one way or other. Its influence on society is 

very big because it enables the masses to enjoy life through an immersive experience. It transports 

people into entirely artificial worlds and has stimulated people to come up with creative solutions for 

pressing issues making it a powerful tool in entertainment and medicine. Our research is centered on 

hand interaction techniques in VR which aim to increase immersion and interactivity in order to make 

these digital experiences more realistic. Additionally, VR has spread out new gateways for amusement, 

healthcare, or even far-flung paintings, shaping the way we interact with technology and each different. 

Understanding how we can use our hands in virtual reality is the main focus here. We're looking at 

lots of different ways, from new deep learning methods to methods like haptic devices, to see which one 

does the best job of understanding our hand movements and transitioning it to VR hand mobility. This 

paper also discusses the best way to implement these techniques in real virtual reality projects by 

integrating OpenCV with VR environment. It shows how these techniques can be applied in the real 

world to make VR experiences more life-like and interactive. We aim to provide researchers, 

developers, and VR consumers with a deep understanding of how hand interaction influences the 

immersion of virtual reality. By inspecting existing research we want to inspect challenges, 

possibilities and future guidelines of this field. Additionally, we hope to inspire creativity and 

innovation among those interested by pushing the boundaries of digital reality generation. 

 

Keywords: Virtual Reality Environment, openCV, hand computer interaction, computer vision, brain-

computer interface, immersive technology, haptic devices, gesture recognition. 

1. Introduction 

Virtual Reality (VR) puts user in such realism, which is a 

world of its own, where the response of your hand 

movements could control a lot of things and perform 

interactions. Many new approaches have been applied 

which in turn, increase the fidelity and naturalness of VR. 

This review paper will look into the aspect of hand usage 

and how hands can interact within a different virtual 

reality environments. Through OpenCV, BCIs and 

external sensors, this paper will explore different ways for 

hand interaction in virtual reality environment.  

The virtual reality technology has come a long way from 

its beginning into technology that's impacting such as 

gaming, education, and healthcare alike. Users can now 

even interact within virtual world, using natural 

movements, similar to as they would if they were 

themselves present in the real world. This in return makes 

VR experience feel even more realistic and interactive. 

Instead of using a keyboard or controller in Virtual Reality 

(VR), we can use gestures to navigate and interact in VR 

environments, making the experience feel more authentic 

and immersive like it was real word. VR incorporated with 
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computer vision can be used to develop awesome apps that 

make user feel like entering into a new world. It's like 

magic but truly is science! user can have tactile 

interactions with objects! The exiting mix of different 

technology provides the platform in which the line of 

what's real and what's virtual blurs, opening up endless 

possibilities for entertainment and creativity. 

In this study, we investigate the mechanisms of handheld 

interaction in virtual reality environments. We'll explore 

different techniques and computer algorithms, starting 

from the old - traditional, going up to the latest, i.e. deep 

learning technique. Our goal is to understand what every 

technique does well, in which it falls quick and the way it 

is able to help. Also, we'll provide insights on how we 

used OpenCV and Unity 3D tools to create VR hand 

interaction. Through the course, will be giving out some 

practical advice as there is a lot that can be achieved with 

this mind-blowing innovation. 

In essence, the present paper attempts to comprehensively 

explain in what ways we can use our hands to interact 

within virtual reality environments with the intention of 

taking VR technology to the next level. Let's explore VR 

hand gestures, no matter your expertise. Discover the 

super exciting steps into the future of human and machine 

interaction. Let's dive in together and be actively involved 

in creating amazing encounters for tomorrow. 

The text must be in English. Authors whose English 

language is not their own are certainly requested to have 

their manuscripts checked (or co-authored) by an English 

native speaker, for linguistic correctness before submission 

and in its final version, if changes had been made to the 

initial version. The submitted typeset scripts of each 

contribution must be in their final form and of good 

appearance because they will be printed directly. The 

document you are reading is written in the format that 

should be used in your paper. 

This document is set in 10-point Times New Roman.  If 

absolutely necessary, we suggest the use of condensed line 

spacing rather than smaller point sizes. Some technical 

formatting software print mathematical formulas in italic 

type, with subscripts and superscripts in a slightly smaller 

font size.  This is acceptable. 

2. Literature Review 

Experts from different fields around the world are coming 

together to explore hand interaction in virtual reality (VR). 

This review not only looks at many different ways people 

can interact with virtual worlds using their hands but also 

combines computer vision to make these experiences even 

livelier [1]. This means that not only are we learning how 

hands move in VR, but we’re also using advanced 

technology to make those movements feel real and human-

like in the virtual world [6].  

Comparative studies between model-free and model-based 

approaches for hand tracking in VR have revealed the 

transformative potential of deep learning algorithms [12]. 

These approaches directly identify hand points from 

routine images, ensuring scalability and robustness in 

tracking hand movements for an intuitive and enjoyable 

VR experience [9].   

The utilization of convolutional neural networks (CNNs) 

in gesture recognition within mixed reality environments 

has exhibited remarkable accuracy, paving the way for 

enhanced communication and mixed reality experiences 

across various domains such as gaming, healthcare, and 

education [14]. Exploration of recurrent neural networks 

(RNNs) and computer vision techniques in recognizing 

gestures within VR environments has resulted in models 

showcasing enhanced robustness and accuracy [10].  

By considering the temporal aspects of hand gestures, 

these models enable smoother and continuous interaction 

in VR environments, thereby enhancing the believability 

and user-friendliness of VR experiences [12]. Integration 

of computer vision techniques with Unity3D, a popular 

mixed reality game engine, has facilitated real-time hand 

tracking within Unity3D environments [14]. This 

integration offers developers insights into leveraging 

computer vision libraries to facilitate natural hand 

interactions in VR applications, thereby opening up new 

avenues for immersive experiences [9]. Moreover, 

combining manual analysis based on computer vision with 

Unity3D's physics engine has led to the creation of 

engaging mixed reality systems that enhance user 

immersion and intimacy through interactive virtual 

gestures [14].  

By integrating Unity3D's capabilities with physics 

modeling and computer vision methods, developers can 

create VR experiences that feel more realistic and 

immersive, thereby offering users a truly immersive and 

captivating virtual environment [13]. This comprehensive 

approach to VR development underscores the importance 

of integrating cutting-edge technologies like deep learning, 
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computer vision, and game engine capabilities to create 

immersive and enjoyable VR experiences [6].  

As these technologies continue to evolve, the possibilities 

for enhancing VR interactions and experiences are 

limitless, promising a future where virtual environments 

feel increasingly lifelike and responsive to user input [25]. 

Many studies have been conducted by researchers from 

different backgrounds and fields on hand interaction in 

virtual reality [2]. Various approaches were used to 

promote immersive experiences in computer vision, 

machine learning, and VR development. This can create 

more realistic and interactive virtual environments for 

future generations to experience [12]. 

3. Applications of Hand Interaction Feature 

In Virtual Reality 

The use of hands in virtual reality (VR) has significant 

impact on areas that include entertainment, education, 

training, collaboration and art. In gaming and 

entertainment people can control characters and do actions 

naturally with hand gestures and hand motions. It also 

enables users from education sector to make immersive 

reports with only the use of hand gestures in VR 

environment.  

Users will be able teach efficiently and even learn tasks 

that are related to healthcare, military and aviation industry 

with the help of hand interaction in virtual reality 

environment. Learners will become capable of doing hard 

tasks such as surgery and aircraft maintenance by using 

their hands to work with virtual tools that they see in VR. 

Parallelly, the educational VR applications will enable 

students to interact with study materials, move objects 

around and manipulate virtual environment with the 

motion of their hands. The use of gestures and non-verbal 

cues in virtual collaboration environment can allow people 

to communicate and collaborate in way that feels natural. 

The use of hand interaction technology in VR will 

contribute in creating a feeling of belonging for all the 

users which will help conduct activities like brainstorming, 

presentations and group work, and among these online 

meetings are by far the most attractive and inspiring. 

Manipulation of virtual hands using real hands is perhaps 

the factor that can change art and design, allowing artists 

and designers to make digital art. Artists would be able to 

use their hands motion to move their virtual hands in order 

to draw on digital canvases, making digital objects, and 

they could even paint on the surface of the virtual third 

dimension spaces. This technology will work as a new 

means for creation, which we would be able to compare to 

physical medium. Artists will have an opportunity to 

venture and express themselves beyond their limitations of 

traditional tools. 

4. Review Of Techniques 

4.1 Hand-Centric Haptic Devices For Interactive VR 

Environments 

HandHeld Haptic Devices: In virtual reality setups, many 

people use handheld haptic devices like joysticks and VR 

controllers. These gadgets usually have little motors or 

actuators inside them that make them vibrate or give a little 

push when you press buttons or move them around [10]. 

They are handy for things like shifting around inside the 

virtual world, gesturing, or interacting with in-game 

gadgets [8].  

 

 

Fig. 1. Handheld Haptic Controllers. 

For example, when you shoot or push a button in VR, you 

can sense a slight vibration for your hand, making it extra 

practical [2]. But these gadgets don’t experience like the 

actual touch at all because they’re small and the vibration 

isn’t usually ideal [20]. So, they won't be as effective as 

we’d want to make the VR sense truly exceptional and 

immersive [16]. And in spite of their downsides, these hand 

held devices are still very important for making virtual 

reality feel more lifelike and fun [11].  

 

Wearable Haptic Devices:  Wearable haptic devices such 

as gloves, vests and suits are designed to provide realistic 

feelings in virtual reality, such as animating the virtual 

world on your entire body using objects such as small 

motors or even electrical muscle simulator (EMS) to give 
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you the feeling of touch and taps of objects in the VR 

world [12]. Unlike handheld devices these can cover your 

entire body, so it makes the experience feel more complete 

and authentic, like you’re actually there [17]. It’s like 

wearing a very advanced costume that allows you to 

actually experience everything that’s happening in the 

virtual world [11].   

 

 

Fig. 2. Wearable Haptic Gloves. 

So, for example, you wear gloves that helps you interact in 

virtual reality environment and make you feel the sensation 

of task you are performing in VR like you’re actually doing 

it in real life, or a vest that vibrates and uses EMS when 

something happens in the game [13]. Especially for training 

purposes, these haptic gloves helps you perform tasks using 

your hands and also provide a level of immersion that's 

much more accurate and immersive [6]. These wearable 

devices are super helpful and make VR feel more alive 

[12]. It’s like a whole new world where you can really feel 

what’s going on around you [9].  

4.2 Computer Vision Techniques For Interactive VR 

Environments 

Color Based Recognition: Color Based Recognition: Color 

recognition is a massive thing in computer vision, specially 

when it comes to making hands stand out in virtual reality 

(VR) [21]. Basically, it really works by picking out specific 

colors that match human skin tones and then interpret the 

shape, position, size and gesture [24]. This helps track hand 

movements so that user can have interaction easily with 

items in VR, like grabbing virtual objects or navigating 

through menus [22]. The trick is to identify those hand-

colored areas in the frames of live video capture and focus 

on them [19].  

 

Fig. 3. Detecting Hand Through Color Identification. 

But, it is not always a clean and smooth process [23]. 

Sometimes obstacles like funky lights or crowded 

backgrounds can throw color recognition for a loop [20]. 

That's where the strong algorithms are needed to sort 

through all the visible noise to identify those skin tones and 

detect preferred hands to keep VR hand interactions 

immersive and fun [15]. Despite these challenges, color 

recognition continues to be a go-to method for interacting 

with objects in VR because it is very straightforward and 

detects hand gesture and movement properly in most 

situations. With recent advancements in machine learning 

efficiency of these algorithms have increased resulting in 

even smoother and more realistic VR experiences [18].  

Skeleton Based Recognition: In the virtual world, the 

ability to identify action instructions is an important factor 

[16]. It’s all about figuring out what kind of hand 

placement in 3D space is necessary that gives user the 

ability to interact in VR environments [19]. This method, 

known as skeleton recognition, uses visual information or 

depth data [22]. It creates skeleton structure of virtual 

hands with the ones that are being held in front of the 

camera, and precisely identifies the points and joints [25]. 

Then it maps the motion of hand in the physical world to 

that in the virtual world [21]. 

 

Fig. 4. Landmarked Hands. 
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Even with high precision it faces a lot of challenges such as 

Complex hand poses, occlusions, and the lack of depth 

information under different certain conditions, which may 

lead to inaccuracies [20]. There might even be background 

noises and uneven lighting like factors which can generate 

more challenges for our recognition method [24]. 

Synchronizing with other technologies also demands 

precision [25]. But even so, on-going progress in the 

technology machine learning and computer vision is 

improving the skeleton recognition, eventually, refining the 

virtual reality experiences [16]. 

Depth Based Recognition: One of the most important 

technologies of the computer vision-based hand recognition 

methods is depth recognition [15]. This approach divides 

and captures hand regions in accordance with the depth 

values by extracting depth data from sensors of type such 

as time-of-flight or structured light cameras. It provides 

exceptional hand detection and tracking in different 

scenarios regardless of textures and lighting conditions 

[23].  

 

 

Fig. 5. Hand Imaging From a Depth Camera. 

Occasionally the data we are given can be noisy and hazy, 

making it hard to track hand movements visibly [24]. Then 

it comes to the point where the methods that are based on 

deep learning are needed [20]. Some of them are recurrent 

neural networks (RNNs) and convolutional neural networks 

(CNNs) [18]. These algorithms can go through the vast 

data and remove noise making it neat and clean then 

generate useful information from it [25]. By doing so, they 

make hand recognition systems that use depth more 

accurate than they were before, making this method more 

reliable and efficient for the virtual reality applications 

[21]. 

 

4.3 Hand-Based Interaction with Brain-Computer 

Interfaces (BCIs) 

BCIs Based on Implants: Implant-based brain-computer 

interfaces (BCIs) involve procedures like inserting small 

frequency catching devices through the skull and then into 

the brain to catch those frequencies of neural signals [24]. 

Activity of individual brain cells or patterns of brain waves 

are then sent to other devices for analysis in the form of 

signals received by the implant [18]. Because these chips 

are now a part of the brain, they produce accurate and 

reliable actions in virtual reality [25]. The commands can 

be issued for the movement of virtual objects just by using 

the power of imagination at brainwaves levels [20].  

A person who has implants in their brain have number of 

benefits [18]. These implantable interfaces are highly 

customizable and may last for a long period of time without 

needing adjustments [20]. For people who have trouble 

moving their bodies, like those with severe disabilities, 

these systems can give them a whole new level of control 

and communication [19]. But, of course, there are risks 

involved with brain surgery, like infection or damage to the 

brain tissue [23]. And there's also the fact that user will 

need a lot of training just so the interface translates users' 

thoughts accurately and perform the task, thus so far these 

challenges render BCIs too complex to be widely used in 

virtual reality [15]. 

 

Fig. 6. Electrode Strip Implant For BCI. 

Non-Invasive Brain Computer Interfaces: Non-invasive 

brain-computer interfaces (BCIs) use external electrodes 

that register the neural activity from the surface of the head 

via sensors such as magnetoencephalography (MEG), 

functional near-infrared spectroscopy (fNIRS), or 

electroencephalography (EEG) [15]. These sensors 

translate motion sensing brain activities related electrical, 

hemodynamic, or magnetic signals into control commands 

to perform tasks in virtual reality environments [24]. This 
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enables users to use neural signals such as motor imagery, 

mental commands, or cognitive states, to control virtual 

objects, navigate environments, and perform actions in 

virtual reality (VR) [23].  

 

Fig. 7. VR Interaction Using External BCI. 

Benefits of non-invasive BCI include mobility, minimal 

invasive nature, and simplicity [22]. Particularly, they do 

not need surgical implantation and could be utilized in a 

variety of places [21]. Therefore, they are appropriate for a 

large spectrum of users and applications [20]. In 

comparison to implant-based BCIs, non-invasive BCIs 

usually have lower spatial and temporal resolutions 

reducing their precision while performing tasks in virtual 

reality applications [25]. Moreover, as a result of scalp and 

tissues interruption, non-invasive BCIs may subject to 

noise, and in the process degrade their performance and 

reliability [20]. 

V. Comparison Table 

Table 1 Technique  Comparison  Table 

Parameter Handheld 

Haptic Device 

Wearable 

Haptic Device 

Non-Invasive 

BCI 

Implant-Based 

BCI 

Color 

Recognition 

Skeleton 

Recognition 

Depth 

Recognition 

Accuracy Gesture are on 

point based on 

input given. 

Provides 

precise and 

accurate 

identification of 

gestures. 

Provides to the 

point  

interpretation of 

brain signals. 

Offers highly 

accurate 

interpreted 

neural signals. 

Accurately 

detects and 

divides colors 

in the 

environment. 

Precisely tracks 

and understand 

hand 

movements in 

3D space. 

Provides 

accurate depth 

information 

for object 

realization. 

Latency Has a quick 

response time. 

Performs a task 

on press of a 

button. 

Responds 

quickly to user 

inputs with 

minimum 

delay. 

Offers quick 

feedback based 

on decoded 

brain signals. 

Offers response 

promptly  to 

neural input. 

Processes color 

information 

quickly  to 

recognize 

gestures. 

Tracks hand 

movements in 

real-time with 

minimum 

delay. 

Offers low 

latency while 

providing 

depth 

information 

for 

interaction. 

Ease of Use User has to 

constanly hold 

the controller. But 

button selection is 

very user 

friendly. 

Provides with 

user-friendly 

interactions and 

minimal setup 

requirements. 

Requires less or 

almost 

negligible 

training for 

users to operate 

efficiently. 

May require 

initial 

adjustments but 

generally user-

friendly. 

Engaging 

interaction with 

color-based 

interfaces. 

User-friendly 

interface with 

intuitive hand 

tracking and 

locating. 

Offers easy 

interaction 

with virtual 

objects in 3D 

space. 

Cost It is very cost 

effective, because 

it uses basic 

hardware. 

Relatively 

affordable 

compared to 

more complex 

systems 

available. 

Costing 

depends  on 

hardware and 

software 

requirements. 

High 

installation 

costs due to 

surgical 

procedures and 

device 

implantation. 

Cost-efficient 

solution for 

gesture 

recognition in 

visual 

environments. 

Cost varies 

depending on 

the type of 

hardware and 

software 

required. 

Costs depends 

on the 

complexity of 

the depth 

sensing 

system. 
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Fine Motor 

Control 

Gestures 

performed are 

very accurate 

because they are 

inbuild and are 

performed using 

button clicks. 

Allows motor 

control and 

precise gesture 

recognition. 

Can interpret 

subtle neural 

signals for 

precise gesture 

control. 

Capable of 

understanding  

neural signals 

for precise 

gesture control. 

Capable of 

interpreting  

color variations 

for gesture 

recognition. 

Can track and 

interpret hand 

movements and 

gestures. 

Capable to 

provide with 

detailed depth 

information 

for precise 

hand-object 

interactions. 

Portability Similar to gaming 

console controller 

these devices are 

of same 

dimension, thus 

easy to carry. 

Can be easily 

carried or 

moved between 

locations. 

Offers mobility 

and can be used 

in various 

settings. 

Restricted 

mobility due to 

physical 

implantation. 

Non-portable; 

completely 

depends on 

camera or 

sensor 

integration in 

fixed locations. 

Requires setup 

in the 

environment 

but can be 

ported to 

various 

settings. 

Portable setup 

options  

available for 

mobile 

applications 

only. 

Immersion These devices are 

not very 

immersive as 

their haptic 

feedback is very 

less and limited to 

vibrations. 

Enhances user 

experience  by 

providing 

haptic 

feedback. 

Enhances 

immersion by 

directly 

converting 

brain signals 

into physical 

actions. 

Provides highly 

immersive 

experience 

through direct 

neural control. 

Increases 

immersion 

through 

realistic color-

based 

interactions. 

Enhances 

immersion 

through to the 

point hand 

tracking and 

interaction. 

Enhances 

immersion as 

gives real - 

time depth 

perception in 

VR 

environments. 

 

5. Conclusion 

Computer Hand interaction techniques are a great way to 

interact in virtual reality (VR) using hand recognition and 

mapping hand position in real world to the hand in virtual 

world. It is important to increase the efficiency of these 

techniques for natural and immersive interactions in virtual 

reality (VR), whether these are devices that user touch 

with their hands or brain computer interfaces (BCIs).  

The devices designed specifically to use hands and placed 

on user body can increase user engagement by giving 

feedback and more precise control over virtual objects. 

These devices, are developed in such a way that they can 

be held or worn like real world objects giving users more 

immersive experience to virtual reality simulations.  

With computer vision techniques like colour-based 

recognition, skeleton-based recognition and depth-based 

recognition, it becomes possible to track hand movements 

and recognize gestures accurately in VR worlds which 

leads to an immersive interaction and thereby making the 

experience feel as if it is real life. With the use of 

computer vision techniques the need for wearable devices 

and additional hardware reduces making computer vision 

techniques much cheaper and easy to use. 

Additionally, using BCIs create means for direct operation 

of virtual objects just by translating brain signals. The 

implant-based BCIs are way ahead of the curve as they 

accurately regulate neural conducts, thus indicating they 

are best for people with severe motor incapacities, but 

because of risks it carry and its high cost, it is not a 

technique which a normal virtual reality user should opt 

for. While on the other hand there are non-invasive BCIs 

which are portable and do not carry same risks as 

implantable BCIs, but these interfaces may face spatial and 

temporal resolution limitations. 

In VR environments, based on review of different 

techniques to have hand interaction in virtual reality 

environment, computer vision techniques are very versatile 

and effective choice for hand interaction. It can capture 

and interpret hand gestures efficiently enabling developers 

to expand VR experiences wherein people can manipulate 

and engage the use of hands in such a way that it feels 

natural. Therefore, this opens the gateway to a very 

exciting advancements in virtual reality technology. 
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