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Abstract: 

Virtual touch has opened a new dimension in the field of Human Computer Interaction (HCI). 

Enabled with the motion and gesture detection techniques, it allows manual interaction with 

virtual environments. Virtual environments are built for performing tasks which are typically 

achieved using hands in the real world, such as handling objects. An analysis on wearables, 

graspable and touchable haptic devices used in multiple fields is discussed in this study. This 

paper reviews the design aspect as well as the usage of the haptic devices along with trendy 

practices that involved in generating satisfactory touch sensations. 
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1. Introduction  
The sense of touch-Haptics empowers 

humans to explore and manipulate the tasks 

with wide variety in real world. The sense of 

touch must provide the realism to the virtual 

worlds and robot teleoperation by artificially 

recreating by stimulated human body 

(specially the hands). This paper provides the 

state of the art of design, control and the 

applications of artificial human sensations 

that are generated by the haptic devices. There 

are many areas which can be covered through 

the haptic technology but the most important 

to mention in this article is robotic haptics (in 

this haptic technology the robots enable to get 

the sense of touch using the force and tactile 

sensors by using algorithm [1], and invasive 

sense of touch stimulating haptic (enabling 

sense of touch-haptic in humans and animals 

by stimulating peripheral nervous system by 

electrically [2]. 

Haptic plays a crucial role and it is quite 

arduous to expect life without haptics, which 
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is elemental and innate part of life. Sensing 

and manipulating the real-world objects 

without haptics imagining the life without 

water, and can be cause of failure in 

determining the texture and surface properties 

[6]. As technology is sphering and growing its 

impact in all aspects of life as well as business 

world, the latest technological elements are 

therefore much needed in every field, for 

instance, specialized professions can adopt 

the artificial sense of touch and haptic 

feedback for remote tasks, astronauts can 

teleoperate the robots in the space for 

repairing the space machines, in medical field 

the surgeons can use the robots in sensitive 

areas where human hands enable to reach, 

online customers can sense the stuff of the 

online products with artificial sense of touch. 

The human operators are aimed to accord the 

sense of touch in such teleoperation scenarios, 

in order to make them feel that they are 

manipulating the objects and environment like 
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they interact with the real-world objects with 

their own hands. 

 

In a few cases, the patients who lost their 

touch sensation in any disease or accident 

injury this study has suggested for replacing 

the sense of touch [11] [12] [13]. Many people 

lose the sense of touch if an upper-limb 

amputee is lost because of loss of a hand [14]. 

In such cases the artificial prosthetic hand 

used to sense the haptic feedback by 

interacting with the objects by getting back 

interaction information from the amputee, as 

amputee must not rely on the sight itself for 

manipulating the objects. 

The sense of touch is not bounded to a certain 

area of the human body, contrary to rest four 

senses (sight, hearing, taste, and smell) [15]. 

The sense of touch can be found in entire 

human body particularly tendons, muscles, 

joints, skin and sensory organs. Usually the 

sense of touch is split into two modalities: 

kinesthetic and tactile. The kinesthetic is 

sensed in the joints, muscles and the tendons, 

it is usually denominate as torques or forces.  

While the tactile are purely sensed by the 

special sensory organs denominate as 

mechanoreceptors which are present in the 

skin. It responds to a particular kind of haptic 

stimulus after sensing from each kind of 

mechanoreceptor [16] [17] [18] [19] [20]. 

 

 
Fig 1: Visual demonstration of Haptic 

Devices 
The mechanoreceptor is restricted and 
represented to its temporal determination and 
stick with its susceptible fields [20]. There are 
two variations in the mechanoreceptors, the 
fast-adapting mechanoreceptors and the slow-
adapting mechanoreceptors. The fast-adapting 

mechanoreceptors is responsible to capture 
temporary signals while the slow-adapting 
mechanoreceptors usually capture the static 
stimuli.  For instance, the Meissner corpuscles 
are example of fast-adapting 
mechanoreceptors which react with the lower 
frequency vibrations and be able to sense the 
skin rate deformation [3]. 

2. Literature Review 
The major step to perform the literature 

review was to collect the recent and the 

relevant articles from the reliable and 

identified sources as research questions can be 

answered. There are three types of haptic 

devices Graspable, Wearable and touchable 

[8]. The focus of this review is on all the three 

categories. furthermore, the presented study is 

a systematic literature review is on these 

categories. This study reviews the technology 

behind the haptic devices in three categories 

to answer following research questions: 

1. What are the most effective and known 

performance parameters to evaluate the 

characteristics of haptic devices? 

2. What are the most influential devices 

available in three types of haptic devices 

(Graspable, Wearable and Touchable)? 

The sources which used for the searching the 

literature were identified by searching the 

IEEE digital library, ACM library, Springer 

Link Library and Google Scholar. The 

searching keywords were “Sense of touch” 

“Haptic Touch” and “Virtual Touch”. The 

number of conferences and journals were 

identified are: (IEEE Robotics and  

Automation Letter) IEEE RAL, (Benelux 

Conference on Artificial Intelligence) 

BNAIC, (ACM on Human-Computer 

Interaction) ACM HCI, (Virtual, Augmented 

and Mixed Reality) VAMR, (International 

Journal of Advanced Robotic Systems) 

IJARS, (International Conference on 

Ubiquitous Computing and Ambient 

Intelligence, Ubiquitous Computing and 

Ambient Intelligence) UCAmI. 
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Table 1: Number of Publications by Source 

 

Table 2: Number of relevant publications by source 

 

The selection of the papers is based on the 

most relevant information available in the 

research paper which addresses the usage of 

the haptic devices based on said categories. 

The sources were extracted based on the 

keywords selection which matched this papers 

requirement. There were 70 papers included 

in this study but later the number was 

decreased because this study has to address 

and answer the research questions. The 

literature review was narrowed based on the 

publications between the years 2013 to 2018 

because of need of the haptic devices in the 

said period. Table 1 highlighted the 

publications numbers which have been 

examined from each source. The sources used 

in this study has different numbers of 

publications, such as, (Journal Articles, short 

papers, Full papers). this study focuses on the 

conference and journal articles. 

The haptic word is derived from the Greek 

word “haptesthai” which is described as the 

ability to manipulate or touch the objects [55]. 

There are two parts of the haptic systems 

which are human and machine parts. The 

human part is responsible for sensing and 

controlling the position of hand whereas 

machine part helps to simulate the contact 

with a virtual object by exerting forces from 

the hand [56].  

extensive use of the wearable devices which 

make use of the haptic rendering techniques 

that allows users to manipulate variety of 

objects. For example, a simple haptics aided 

glove paired with wrist sensors can assist to 

have the sense of wrist orientation. With the 

help of virtual reality patients are made to 

Source 2018 2017 2016 2015 2014 2013 Total 

IEEE RAL 117 188 96 114 132 103 750 

BNAIC 33 29 93 55 81 45 336 

ACM HCI 179 155 99 125 88 110 756 

VAMR 65 45 70 54 82 89 405 

IJARS 66 96 145 66 49 111 533 

UCAmI 37 52 61 44 41 54 289 

Source 2018 2017 2016 2015 2014 2013 Total 

IEEE RAL 21 16 31 25 9 15 117 

BNAIC 5 4 18 23 14 13 77 

ACM HCI 8 12 16 9 5 6 56 

VAMR 11 9 15 14 15 8 72 

IJARS 4 8 5 11 19 3 50 

UCAmI 6 15 14 18 20 16 89 
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perform the motion related tasks during 

training sessions to reach the goals of 

increasing complexity [57]. Haptic 

technology was introduced by military field 

specially for astronauts and pilots’ training 

simulation. As the advancements in computer 

technologies took place gaming industry 

began to use this technology in video games 

such as oculus rift, which is an example of 

wearable device [58]. 

Increasing usage of graspable devices has 

been witnessed in medical training sessions as 

well as in surgeries as the use of VR Robotic 

technology has enhanced [59]. 

Haptic system in robotic technology is 

considered to be a channel that can provide 

force sensations from real environment to the 

users. This system is referred to the handling 

and application of touch sensation to interact 

with machines. such as haptic telepresence 

robots or other touchable devices are 

considered in this category [60].  

In order to provide sensory feedback, haptic 

applications are equipped with specialized 

hardware. Commonly used haptic interface 

configuration uses the mechanical linkages to 

connect a person’s finger with computer 

interface. Whenever user moves its finger the 

translated actions are highlighted on the 

screen [61]. 

 

3. Results and Discussions 
The paper discussed the various aspects in 

haptic devices which are highlighted and 

listed first in the literature. Many haptic 

devices are available in all three categories. 

The usage of the haptic devices for various 

purposes which includes the most commonly 

defined property such as availability of the 

devices, which devices has most impact and 

which device is preferred by the user based on 

reliability and price. It is obvious that haptic 

device ought to fascinate the user 

requirements by considering the reliability 

and prices factors. Many researchers have 

addressed this issue that the device 

functionality is directly proportional to its 

price [14].   

There is a significant increase in the use of 

technology in almost every field so it is 

required to switch the number of aesthetically 

potential applications to haptics. The use of 

haptics is witnessed in communication, online 

stores, medical and gaming [35]. Throughout 

the study it has seen that impact of the haptics 

in different areas where the human interaction 

is almost impossible or hard to tackle the 

situation, the sense of touch is welcoming to 

play its role in those situations, for instance, 

robotic distance surgery, prosthetic organs) 

that touch has ability to replace the visual or 

auditory senses cues and touch can augment 

the virtual interactions. One of the major 

limiting reasons in the field of haptics is lack 

of availability of hardware and its 

expressiveness. Limited number of actuators 

available commercially for designing haptic 

output exclusively and it bring many 

researchers to make the haptic devices at their 

own using off the shelf components [38,42]. 

Focusing on the perceptual abilities of human 

sense of touch during the process of design is 

a key to develop functional as well as 

effective haptic hardware. The human 

centered design paradigm leads in more 

effective stimulation of haptic hardware that 

mechanoreceptors to visualize the required 

sensations. The primary focus of this article to 

extract the research questions from the study 

and to answer those questions from the driven 

results and how important is each factor of 

graspable, wearable and touchable. 

In order to identify the evaluation known 

factors in order to evaluate the performance 

factors in haptic devices. Many research 

papers have discussed various methodologies 

to evaluate them. In early period of haptic 

touch, the touchable devices were the most 

dominating technology with passage of time 

the dominated factor changed to the graspable 

devices they quite popular in gaming 

joysticks. In recent times the wearable devices 

have been introduced and using in haptics 

[50]. The Virtual Reality is dominated by the 

wearable devices. based on the study it has 

been found that the usage of wearable haptic 
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devices is increased from 2015 and onwards 

and the rest two categories still have impacted 

the touchable devices are being used widely 

for sense of touch purposes [19].  The 

graspable devices have a smaller number of 

users and impact over the two categories. 

  

4. Conclusion 
The role of the technology has seen such a 

dominating aspect in communication, online 

shopping and entertainment increases and 

growing number of potential applications of 

sense of touch. The haptics has gained the 

promising familiarity in terms of usage in 

mobile communication, gaming as well as in 

real world applications, although the limit in 

commercial haptic devices is seen. The impact 

of the haptics has increased especially in those 

areas where physical sense of touch is critical 

to perform the task (e.g., remote surgeries). 

where touch can be replaced and suggests in 

terms of visual or auditory cues (e.g., mobile 

communication and navigation), and where 

touch can enhance virtual interactions (e.g., 

virtual reality and gaming). It has been 

observed that the wearable devices are used 

most preferred in above cases and the reason 

is that it is very easy to wear and its hardware 

can easily be found in the market.  

Although limitations of using haptic 

technology includes lack of availability of 

hardware but still, haptic, “sense of touch” 

technology, is expected to gain prominence in 

the near future as it facilitates human-

computer interaction and offers better contact 

and detailed information about a real-world 

object. The prolific use of this technology in 

automotive, education, and gaming is likely to 

create new opportunities for the global 

technology market. In addition, the demand 

for innovative consumer electronics products 

such as smartphones and tablets are also 

expected to be a key driver of market growth. 
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