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ABSTRACT 
Over the past decade, the advancements in force-feedback 
(haptic) systems, facilitated the inclusion of the tactile 
communication channel in a variety of user interfaces. Tactile 
sensors are distributed over the entire human body, hence a 
diversity of haptic hardware configurations are possible. The 
applications span from: force-feedback systems - conveying large 
forces, to vibrotactile systems - conveying smaller forces to the 
human sensory system. This paper provides a comprehensive 
survey of state-of-the-art in force-feedback and vibrotactile 
hardware with references to associated software. The main 
application domains, several prominent applications, as well as 
significant research efforts are highlighted. Additionally the 
survey defines the terms and the paradigms used in the haptic 
technology domain. 

CCS CONCEPTS 
• Human-centered computing → Haptic devices  • Hardware 
→ Tactile and hand-based interfaces 
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1 INTRODUCTION 
As user interface technologies evolve, new solutions that 
improve user interaction with computing systems emerge. These 
solutions come in many forms such as 3D graphical user-
interfaces [1-3], voice-based recognition user-interfaces [4, 5] 
and even some cases of olfactory user interfaces [6, 7]. 

User interfaces with tactile feedback have become 
widespread, mainly due to mobile vibrotactile proliferation but 

also due to the need for natural interaction. Consider, for 
example, writing with pen and paper, as most people learn from 
a very young age. Once learned, writing requires little cognitive 
processing. A simple writing task can be difficult to accomplish 
with just the standard computer mouse. The difficulty arises 
from the lack of familiarity with the way tactile feedback is 
conveyed. The computer mouse delivers forces to different parts 
of the user’s hand compared to a pen during writing. As more 
complex and sensitive procedures become computer-based, the 
addition of tactile feedback will enhance many user interfaces. 

The tactile sense was little explored since the emergence of 
the computing era, as compared with the visual and auditory 
ones. Only recently (past two decades), an increase in haptic 
hardware and software occurred. Many, in the 
computing/engineering field, are still not familiar with the term 
“haptics”. 

“Haptics” is rooted in the Greek language and it relates to the 
tactile sense or touch. Haptic interfaces allow users to explore 
this important human sense from a computational perspective. 
Haptic devices can stimulate, in various ways, the human tactile 
system using computer-generated data, opening new 
communication channels among their users.  

This paper is organized as follows: Section 2 provides an 
overview of the key operating principles and defines a set of 
paradigms that contour the interdisciplinary field of haptics. 
Section 3 presents a survey on Haptic User Interfaces (HUI) and 
identifies the driving application domains. Section 4 presents 
recent advances in haptics hardware, as well as a categorization 
along several attributes. We conclude by highlighting areas that 
could benefit from an increase in haptic interfaces use, and 
highlight future directions for haptics in multimodal HUI. 

2 HAPTIC TECHNOLOGY 
There are a few fundamental definitions regarding haptic 
interfaces, which enable a better understanding of the 
technology, as well as the associated technical challenges. 

2.1 Haptic Interaction – Paradigms 

Haptic interaction is best illustrated through an example. Figure 
1 depicts a popular 3D consumer haptic device, Novint Falcon™, 
developed by Novint Technologies. The Novint Falcon consists 
of a ball-shaped grip connected to robotic arms. The user holds 
onto the grip, and manipulates it to control the position of a 
pointer that collides with virtual objects in a 3D scene. The 
computed collision forces are transferred back to the user 
through the ball-shaped grip as illustrated in Figure 1. 
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Figure 1: (a) Novint Falcon™ Haptic Device. (b) Student 
using the Haptic Interface to Simulate Friction 

As the virtual reference point encounters any objects in the 3D 
virtual space, the appropriate forces are computer based on a 
haptic rendering algorithm. The forces are sent back (i.e., force-
feedback) to the user hand, allowing the user to “feel” various 
attributes of the virtual objects, such as texture, surface 
properties, and rigidity/flexibility. 

The general architecture of a multimodal system including 
haptics is illustrated in Figure 2. Multimodal systems with 
haptics have greater immersive qualities over traditional single 
modal systems because they allow the user to experience the 
system through multiple senses (i.e., tactile, auditory, and visual). 

 

 

Figure 2: General Architecture of a Multimodal System 
with Haptic Components 

The human operator has a bidirectional interaction with the 
haptic device, providing force/audio input and receiving 
tactile/video/ audio output. 

2.2 Definitions 
A few background terms are defined next, enabling the 
presentation of conceptual models related to haptic interfaces. 
• Haptic learner: also termed “kinesthetic” learners, prefer a 

“hands-on” approach to learning. Such users involve the 
sense of touch in learning; they like to piece things together, 
and are successful with tasks requiring manipulation [8, 9]. 

• Haptic rendering: the process of displaying computed 
forces to the user through a haptic system, to make her feel 
the effects of collision with virtual objects or force-based 
phenomena [10]. 

• Haptic interface point (HIP): In point-based haptic 
interactions, the haptic interface point is the end-point of the 
haptic device that interacts (usually through collisions) with 
virtual objects [11]. 

• Visual/Tactile processes synchronization: Synchronizing 
the tactile responses given to the user with the visual 
representations shown. Synchronization is required in order 
to provide a realistic and consistent user experience within 

the virtual or augmented environment (synchronization with 
audio cues is also considered). 

2.3 Force-feedback Systems Characteristics 
Among the most important Haptic Rendering Systems (HRS) 
characteristics, the following are fundamental [12]: 
• Degrees of Freedom (DoF) [13], a set of independent 

displacements that specify the position of the actuator. For 
example, a device that can translate anywhere in space along 
the Cartesian axes, would be considered a 3DoF device. The 
ability to rotate around the axes (i.e., roll, pitch, and yaw) 
would make this a 6 DoF device. 

• Workspace refers to the volume within which the joints of 
the device will permit the operator’s motion. 

• Input position resolution is the minimum detectable 
change in position (between 2 consecutive points) possible 
within the workspace.  

• Output position resolution is the smallest incremental 
force that the device can generate. Having a high output 
position resolution, allows the device to make small 
adjustments in the output force magnitude. 

• Continuous force is the maximum force that the device 
controller can exert over an extended period. This is the 
maximum force that the system can sustain for a long period 
(e.g., several minutes).  

• Maximum force/torque is the maximum possible output of 
the device. The maximum force differs from the continuous 
force in that the maximum force is the highest force possible, 
without any respect to duration. Continuous force requires 
that the system be able to sustain that force. 

• Maximum stiffness of virtual surfaces. Force-feedback may 
simulate the stiffness of virtual surfaces. For example, a 
flexible or non-stiff virtual surface might apply a very small 
amount of force upon contact, whereas a very stiff object 
would apply a large amount of force upon contact. 

• System latency measures the time passed between the 
moment of changing the controller’s position and the 
moment when a resultant force can be calculated and 
rendered by the device. Ideally, the system should have the 
lowest latency possible, to increase user interaction. Even a 
small delay (300ms) can greatly affect the interaction with 
the system (e.g., if a button is pressed, but the force-feedback 
is not immediate, users will be confused. 

• The haptic update rate is the inverse of system latency, 
measured in Hz. The update rate refers to how frequently the 
haptic hardware updates itself. To simulate continuous 
feedback, the haptic device needs to update multiple times 
per second (i.e., 600Hz to 1KHz). Compared with the visual 
refresh rates (60Hz to 120Hz) the requirement for haptic 
updates are more stringent [14]. 

• Inertia is the perceived mass of the device when it is in use. 
Inertia is essentially the resistance felt by the user while 
manipulating the device. 

• Dexterity is a measure of how easy is to change the position 
and orientation of the device. 

• Isotropy relates to how uniform the device can move in all 
the directions of the workspace. A common video-game 
controlling joystick has high isotropy since it can move 
uniformly in all directions of its workspace. 

Table 1 summarizes the ideal haptic device characteristics, 
however usually a tradeoff among these is achieved. 

Haptic Systems in User Interfaces - State of the Art Survey 
F. Hamza-Lup, K. Bergeron, D. Newton

142



 
 
 

  
 

 

Table 1: Ideal Quantity of Haptic Characteristics 
Haptic Characteristic Ideal Quantity 

Degrees of Freedom High 
Workspace High 

Input position resolution High 

Output position resolution High 
Continuous force High 

Maximum force High 
Maximum stiffness High 

System latency Low 
Haptic update rate High 

Inertia Low 
Dexterity High 
Isotropy High 

3 HAPTIC SYSTEMS IN USER INTERFACES 

Applications of haptics proliferate in several fields: medical, 
patient rehabilitation, education, and entertainment. 

3.1 Medical Applications 

3.1.1 Enhancing Medical Procedures. Haptic systems are a 
natural fit in the medical field due to the tactile nature of many 
medical procedures (from pre-operative - organ palpation to 
operative - minimally invasive surgery). 

In recent years, many robotic device proposals aim to 
mitigate potential mistakes that arise during medical procedures: 
including drug delivery [15-18], biopsy procedures [19-21], and 
surgery [22]. While many of these miniature robotic systems, 
lack freedom of movement, and accurate human control, due to 
limited or no force-feedback (i.e., gripping sensitive tissue is a 
matter of fine touch, difficult to control with robotic grasping). 
Miniaturized untethered soft magnetic grippers, recently 
introduced [23], provide the user with force-feedback that 
models the interactions between the grippers and the 
environment. The haptic interface is equipped with active 
gravity compensation, reducing user fatigue and improving the 
overall control experience. These small haptic grippers are 
employed in a wide-area of medical operations such as biopsies, 
drug delivery, and micro assembly. Figure 3 - Left is an example 
that uses robotic grippers to manipulate small objects. 

      

Figure 3: Example of Soft Robotic Grippers [24] and 3-part 
Robotic Arm Device [26] 

Haptic interfaces minimize user errors while performing 
surgeries. A recent development in haptic devices, targeted at 
minimally invasive surgery, is composed of three parts: an arm, a 
wrist, and a grasper [25]. Figure 3 - Right illustrates a 3-part 
robotic arm device allowing the user a wider range of motion. 
The 3-part robotic mechanism, combined with a haptic controller 

interface with gravitation compensation, eliminates gravitational 
effects. An operator can reach, grip, pick, and move small rings 
from one post to another, as training for surgical procedures. 

Recent development allows users to perform tasks while 
within an MRI machine [27]. The interface allows brain activity 
measurement while subjects do a series of tasks, via the haptic 
stimulus. In many instances, medical operators work within a 
dangerous environment (e.g., radiation exposure). Using 
telerobotics, the medical operator can perform the procedure 
from a safe location. For example, in the case of catheter 
endovascular procedures, the patient and operator are exposed 
for long periods to X-rays. To diminish exposure, a 
magnetorheological fluids-actuated haptic-based teleoperated 
catheter system was proposed [28]. The ability to control the 
catheter from a remote location keeps the operator safe. 

3.1.2 Medical Training. Complex surgical operations require 
practice before execution on patients. Realistic simulations are 
essential for surgeon training and assessment. Haptic feedback is 
particularly important for kinesthetic learners. A recent proposal 
for a virtual hip replacement surgery simulation with realistic 
haptic feedback is focused on the milling procedure to fit the 
prosthesis [29]. During such procedures, the surgeon’s field of 
view is impaired (i.e., the tool is typically just the right size to fit 
into the milling site on the hip, leaving little to no direct lines of 
sight), so the surgeon must rely primarily on the touch 
sensation. Surgeons typically practice the milling procedure on 
cadavers; as a result, the sample size is extremely small, leaving 
the surgeons struggling to practice bone milling procedure. The 
haptic simulator sends a stimulus that accurately replicates the 
real-life vibrations, enhancing the training of the milling 
procedure. 

In the medical field, complex needle-insertion procedures 
(e.g., epidurals) are very common. The operator is unable to see 
through the skin or cartilage to guide the needle insertion. 
Spinal-cord insertions failures can lead to paralysis or even death 
hence, epidurals require significant practice (epidural anesthesia 
has a 25% failure rate [30]). Visual-haptic interfaces proposed for 
epidural administration simulate the forces generated by the 
tissues during needle insertion depending on factors such as 
height, weight, and patient’s age. 

An additional accepted simulation for haptics is dentistry 
training, due to the fine motor skills and hand-eye coordination 
required to perform various procedures [31]. Since virtual 
simulators are already employed in dentistry training, 
introducing haptics will add an additional layer or realism. 
Figure 4 depicts a learner using two haptic devices, to practice 
tooth drilling. 

 

Figure 4: Dentistry Simulation with Two Haptic Devices 
[32] 
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The Haptodont system [33] helps students practice dentistry 
procedures and allows a trainee to attach physical dental tools to 
the haptic interface, further increasing the training realism. 
These grips attach the tools directly to the haptic interface, 
connecting the real-world forces with the real-world tools used 
in dentistry. The system uses two haptic interfaces, one to 
simulate the tactile feedback on the mirror instrument, and one 
to simulate the tactile feel of the dental instrument. 

3.2 Patient Rehabilitation and Disability 
Services 

Force-feedback interfaces are used for more than a decade for 
patient rehabilitation. A recent haptic interface [34] was 
designed to aid in rehabilitation training for children with 
neuro-motor impairments, using gamification (i.e., using game 
mechanics and concepts in non-game contexts to increase 
engagement, participation, and competition). The simulations 
make use of gamification by combining virtual reality games 
with a small haptic device on the index finger and thumb [35]. 
The users grab, in the real world a flat token object, which 
represents an object inside a game. The haptic system provides 
feedback for interactions between the user and the token by 
simulating contact, friction, inertia, and gravitation. The 
application flexibility promotes interest, and allow games to be 
tuned to specific needs. 

The use of haptics for hand rehabilitation include grasping 
various objects of various stiffness, such that the patient can 
adjust to a range of strength training [36]. Through a new soft 
robotic haptic device, the patient no longer has to be concerned 
with multiple objects of various stiffness, since the stiffness of 
the object is adjustable by interchanging sleeves and allows the 
user to specify pressure regulation to control stiffness. Figure 5 
shows how a user would grasp it to feel various tactile 
sensations. 

 

Figure 5: Haptic Device for Hand Rehabilitation 

Some disabilities have significant effects on the quality of life 
and ability to perform daily activities. For example, a common 
challenge for those with lower limb amputation is losing balance 
because most systems fail to give the user feedback about the 
position of the prosthetic. A novel haptic feedback system, in the 
form of a wearable skin stretch, detects potential crucial gait 
events in the form of initial ground contact when the heel of the 
user meets the surface of the ground, and Toe-off events, when 
the user lifts their toe off the ground and begins to swing their 
leg. These potential gait malfunctions are signaled to the user via 
a haptic stimulus to the upper leg [37]. 

A common issue with prosthetics, specifically hands, is that 
the user lacks the ability to properly discern how much grasping 
force to apply to an object. Employing force-feedback [38], the 

haptic hand works by transmitting the sensation from the 
prosthetic hand to a tactile-working part on the user’s body 
giving the impression of grasping pressure. 
Blind and visually impaired people lack the ability to discern 
non-verbal cues like facial expressions and body language, 
resulting in impaired interpersonal interaction. Combining a 
head- mounted camera with a wearable haptic belt that 
interprets non-verbal cues, allows the visually impaired user to 
receive the non-verbal cues through the tactile sense [39]. 

Sensations that most take for granted, are inhibited for the 
hearing impaired (e.g., they rely on the use of subtitles to 
understand a movie, however they cannot experience the mood 
music). A haptic interface, in the form of a wearable glove, was 
proposed to alleviate this issue [40]. Emitting, a low frequency 
and low-intensity vibration the glove can transmit a feeling of 
calmness, likewise, by transmitting low intensity but high-
frequency vibrations, the system is able to convey a feeling of 
increased excitement.  

3.3 Wearable Haptic Systems 
Another growing field of haptics is in the area of wearables. By 
giving the user the ability to wear the interface directly on the 
body, gives the ability for “anywhere and anytime” force-
feedback. An interesting proposal is a small, soft, wearable wrist 
device for kinesthetic haptic feedback. The device applies forces 
in the form of haptic stimulation directly to the user’s joints [41]. 
It uses pressure-driven soft actuators called reverse pneumatic 
artificial muscles, mounted on four sides of the wrist. The 
actuators are made of silicone rubber tubes that extend when 
pressurized, applying forces directly on the joints, resulting in a 
safe torque around the wrist joints as shown in Figure 6 - Left. 

        
Figure 6: Left - Side-view/Top-view of a Soft Robotic 
Wearable Wrist Device [41]; Right - (a) hBraclet – Top-
down View (b) hBraclet – Side View 

Wearable systems can collect user data, such as biometric and 
medical data. A recent proposal for a chest-worn device, 
monitors medical user data [42]. The data is processed in real-
time and sent back to the wearer in the form of haptic feedback 
patterns and color-changing LEDs, giving elderly a way to self-
monitor their health, and notifying care personnel in case of an 
emergency. 

The vibrotactile (silent signals) use in cell phones skyrocketed 
in the past decade, enabling alerts without disrupting the people 
nearby. Silent notifications are employed for pleasant 
awakenings. To achieve this goal, the wearable device monitors 
the user’s sleep cycle and triggers an awakening alarm signal 
during the shallowest sleep, minimizing sleep inertia [43]. The 
wearable is able to send three types of haptic stimulus, single, 
continuous, and successive. By sending silent haptic signals, the 
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device promotes a peaceful awakening and does not disturb 
nearby people. 

Some wearable force-feedback systems have been designed 
to be adaptable. The hBracelet, is a wearable haptic device for 
distributed mechanotactile stimulation of the upper limb [44]. 
The hBracelet wraps around the upper arm, connected by two 
bands and a set of pulleys that can spin, applying diverse forces 
to the wearer’s arm as illustrated in Figure 6 - Right. 

For example, having both pulleys of a band spin in opposite 
directions creates pressure to the user’s arm, or a release of 
pressure, depending upon the direction of spin. As a result, each 
band can apply four types of tactile sensations, which, combined 
with the use of two bands, gives eight possible haptic signals. 

3.4 Robotic Teleoperation 
The ability to control devices from a remote location increases 
safety, however remote-operation interfaces lack realistic 
feedback. Regardless of the complexity of the GUI, controlling a 
soldier avatar in a game still feels like a game, because there is a 
disconnect between the user and the avatar sensations. One way 
to create a more immersive experience is to give feedback to the 
user through multiple sense. Haptic devices can simulate forces 
to give the user a feeling of control over these devices (e.g., a 
fingertip haptic device for remote palpation [45]). The small 
device attaches to the fingertips and tracks the motion of the 
user’s finger. By increasing and decreasing pressures, the system 
is able to simulate objects of different stiffness, to aid the user in 
teleoperation. A recent application uses a glove that transmits 
vibrations to the thumb/index finger to simulate the stiffness of 
objects [46], allowing long-range communication. 

Recently, a haptic-based teleoperation device was developed 
for aiding large-sized robot control for space exploration [47]. 
The robot is controlled by two haptic joysticks, which render the 
operating resistance and interactive feedback to the human 
operator, and uses haptics to simulate the stiffness of space 
objects. The user can effectively explore environments in space, 
collect data, and interact with objects, from a safe remote 
position, while experiencing realistic interactions.  

Haptic joystick can also control electrohydraulic drives [48]. 
A small DC motor and a controlled break, generate the force-
feedback, giving the operator a feel of the output force of the 
device they are controlling. Similar haptic responses can aid 
controlling miniature unmanned aerial vehicles. The forces 
between the unmanned aerial vehicle and its environment are 
recorded and sent back to the operator via a haptic manipulator 
[49]. The tactile feedback helps the human operator to remotely 
control the vehicle, removing him from possibly unsafe 
locations.  

3.5 Education 
Hands-on learning allows the student to experience, manipulate, 
and gain a better understanding of concepts. Students who were 
taught science using hands-on activities had better academic 
performance than those who were taught using only the lecture-
based approach [50]. Haptics can benefit learning at all ages, 
from motor skills in young children to complex physics concepts 
in college [51, 52]. 

Visual-haptic interfaces, allow presentation of difficult 
concepts from new perspectives. An example is a haptic 
interface proposed for a Solid Mechanics course [53], providing 

students with a better understanding of the strengths of various 
materials. A Modeling Dynamics Systems course [54], enabled 
students to interact with a haptic paddle, capable of simulating 
forces based on the user movements. Abstract concepts (friction, 
precession and electromagnetism) can be difficult to comprehend 
for physics/engineering students and visual-haptic interfaces 
help increase learners’ engagement during class [55-57]. 

Haptic interfaces can aid in teaching new skills. ShiFT [58] is 
a semi-haptic interface for flute tutoring that attempts to skip 
the abstract concepts of learning music (i.e., read music and 
notation) and focuses on practice. 

Haptic Explorers [59] is an app that runs on a TPaD phone 
(with tactile hardware built into the display). It enables students 
to hone their scientific exploration skills by taking pictures of 
objects, recording an audio description for the object, and 
applying a tactile filter. Another recent haptic touchscreen 
system [60], adds haptic feedback to presentations, allowing the 
visually impaired users to advance the slides at their own pace. 

4 HAPTIC HARDWARE DEVICES 

Table 2: Haptic Devices – Characteristics and Applications 

Haptics hardware is composed of different electro-mechanical 
components, providing two categories of interaction: (1) through 
vibrotactile forces and (2) through kinesthetic forces. Tactile 
forces give the user precise feedback, such as the roughness of 
an object, requiring smaller forces. Kinesthetic forces give the 
user the sense that they are performing a task, such as lifting a 
weight, requiring larger forces [14]. Devices may be classified as 

Haptic Device 
Unipoint

Multipoint
Commercial 
Experiment 

Mobile Applications 

2Wearable U E Y VR/AR interactivity 
Vibrotactile belt 

& glove M E N Gesture recognition 

ForceTab M e N Research 

GoTouch VR U c Y VR/AR interactivity 

GraphKit M c N Education 

HapLink M c N Education 

Haptic Joystick u E N VR simulation 
Haptic 

navigation assist M E Y Navigation 

hBracelet U E N Robotic 
Teleoperation 

Hydro Ring M E N VR/ARNotifications 

Mood glove U E N Mood experience 
MR-compatible 

haptic M E N Human motor 
control fMRI 

Piezo-resistive 
artificial fingertip 

U E N Farming & Robot 
touch 

Revolver U E N VR/AR interactivity 

rPAM glove U E N 3D Manipulation 
Soft Robotic 

Gripper 
U E N Hand Rehabilitation 

Space exploration 
haptic M e N Robotic 

Teleoperation 
Squeeze-back U E Y VR/AR interactivity 

Tac-tai touch U C N VR/AR interactivity 
Vibro-tactile 

clock U E Y Alarm clock 

Haptics & 
Biosensors U E Y Health monitoring 
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unipoint or multi-point models, immobile or mobile, or based on 
the force generation method: mechanical and tension systems, 
magnetic based, hydraulic and pneumatic systems. Table 2 
provides the main characteristics for the haptic systems 
described herein. 

4.1 Mechanical, Unipoint Devices 
The Omega is a 6-DoF device allowing the user to guide a soft 
gripper robot using stimuli-responsive materials. Tac-tac Touch 
is a wearable haptic device for the fingertip that allows the user 
to feel pressure, texture, and contact with a virtual object [61]. 
The device can apply up to 6 Newtons (N) of force, and weighs 
29g.  

The GoTouch VR [62] provides the user with 1-DoF for the 
fingertip, allowing the user to apply pressure and contact with a 
virtual object. The device can apply up to 1.5N of force, and 
weights 40g. The device allows the user to feel contact with and 
the difference in VR objects’ textures. 

A novel application, “Haptic Revolver” is a reconfigurable 
handheld haptic device [63]. It uses an actuated wheel 
underneath the fingertip that moves up/down to render contact 
with a virtual surface and spins to render shear force (as 
illustrated in Figure 7). The wheel is interchangeable allowing 
for various shapes and textures to be added. Haptic-based 
piezoresistive artificial fingertips are used to identify the 
ripeness of a tomato [64] by applying a force to the tomato’s 
surface. 

  

Figure 7: Haptic Revolver and Virtual Representation [65] 

The “mood glove” [40] is a haptic device that uses vibration 
motors to represent various moods to the user based on 
vibration patterns. Wearable Haptic Health Monitoring system 
uses a haptic belt and vest with a lithium-ion battery [42]. The 
haptic belt uses a controller box, and an Arduino Wi-Fi shield. 
The shield allows the client to communicate with the server and 
gather the user’s biometric data. The sensor platform can be 
outfitted with several different sensors depending on the users 
need. On the chest piece, there is a vibration motor for actuating 
distinctive haptic patterns according to the wearer’s physical 
state and alerting the user of potential health risks. There are 
two different vibration patterns: a low-frequency vibration for 
potentially abnormal conditions and a high-frequency vibration 
for emergencies. An interesting development is the vibrotactile 
alarm system, a wristband that provides vibrotactile stimulus to 
the user using micro drivers that can generate various vibration 
intensities [43]. The wristband steadily increased in power to 
wake up the user. The Bracelet is composed of a Micro Linear 
Actuator with the structural frame being 3D printed [44]. 

4.2 Mechanical Multipoint Devices 
ForceTab is a tablet that is a motion-platform driven by three 
high-speed digital servos and four force resistance sensors 

attached to a platform [66], providing the user with 3 DoF. The 
ForceTab uses an Asus Nexus7 tablet with a 7” touch screen that 
is attached to the platform using bullheads. The device can 
register forces from 100g to10kg. 

Graphkit [68] is an open source 2 DoF kinesthetic haptic 
device built using 3D printed components [67]. The device acts 
as a programmable drawing tool and can output a maximum 
force of 4 Newtons. Along the same lines, Haplink is an open 
source 2 DoF kinesthetic haptic device built using 3D printed 
components. The device provides a force between 2.7 to 14 N 
depending on its final structure [68]. Similarly, the Raven-II 
robot with spring damper models provides various force-
feedback [69], with 7 DoF and can be controlled using 
telerobotics. The addition of the spring damper enables 
simulation of tactile/kinesthetic forces. 

Wearable Haptic-Feedback Navigational Assistance [70] is a 
device that assists people with dementia. Haptic devices are 
attached to the user’s waist or shoes, and vibrate to alert the user 
when to turn and, if the user is turning in the wrong direction, a 
stronger signal is sent to correct the direction. 

Take-over actions using vibrotactile systems are proposed in 
highly automated driving [71] to alert the driver to take control 
of the vehicle in critical situations. The proposed vibrotactile 
areas are in the back/bottom of the seat, on the seatbelt, and on 
the steering wheel. 

A new robot system for minimally invasive surgery has 8 
DoF [18]. The device is composed of three parts, an arm 
mechanism, a redundant wrist mechanism, and a grasper. It uses 
kinematics and gravity compensation algorithms to provide the 
user with smooth control of the system. The device can be used 
as a master manipulator to control surgical robots [25]. A 
development in the same direction is the MR-compatible haptic 
interface [27]. The device allows the user to have both 
translation and rotation in 3 DoF, and provides a two-finger 
precision grasp. 

Gesture analysis with haptic feedback uses vibrotactile cues 
in a haptic belt and glove [39]. These cues come from a head-
mounted camera that analyses the gesture. The software sends 
the gesture that was recognized to the user in the form of 
vibrations. 

In a haptic application for space exploration [47], the master 
device uses a 3DoF 3R and a DELTA mechanism. The 3R 
mechanism is used to control the orientation of the slave robot 
and the DELTA device is used to control the position of the slave 
robot. Force/torque sensors are mounted around the slave robot 
and detect contact and collisions that the user can feel using a 
conventional spring-damping model.  

4.3 Magnetic Multipoint Devices 
The Magnetorheological-Fluid Display [72] is composed of 16 
solenoids creating a 4x4 matrix using a plexi-glass chamber. The 
display uses MRF-140CG as the fluid in the plexi-glass chamber, 
enabling stiffness control. When a coil is excited the user can 
feel which area is being activated based on the stiffness of the 
fluid around the area. Users can feel the stiffness of the fluid 
using their hand submerged in the fluid. The stiffness of the fluid 
varied from .14 to 1.4 N/mm. The device is currently just 
experimental. 

Haptic Joystick [48] uses magnetorheological fluid to 
generate the opposing force from the rotary brake. There is a 
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strain gauge to measure the forces occurring on the joystick 
handle. A potentiometer is used to measure the angular position.  

4.4 Hydraulics Unipoint Devices 
The HydroRing [74] is a fluid haptic device that uses liquid at 
various temperatures and pressures to allow the user increased 
interactivity with the device [73]. It is a non-invasive tool for 
everyday use since the user can still complete non-interactive 
tasks using their hand while the device is attached. The 
HydroRing system uses water pumped from either a hot or a 
cold reservoir. It passes through the latex tube within the 
HydroRing. It can increase the pressure of the water through the 
tube and produce vibration sensations. 

4.5 Pneumatics Unipoint Devices 
The Squeeze back [75] is a haptic device that uses Pneumatic 
compression to send users notifications. It applies a uniform 
constriction across the arm without cutting into the user with a 
band causing discomfort. The air pressure is measured with a 
Freescale MPXV5050 series sensor. The system is easily 
integrated into clothing and can help with physical therapy. The 
rPAM glove is a soft wearable haptic wrist device [41]. The 
device uses reverse pneumatic artificial muscles (rPAMs) to 
apply forces to the user’s wrist. The rPAM consist of a tube of 
silicone wrapped in a helix of the thread. The thread when 
pressurized provides a constraint to the user. The maximum 
torque for the device is .14NM at 8 psi of input pressure. 
Similarly, the Fingertip Haptic Device (FHD) [45] consists of a 
rigid base with its top covered by a layer of silicon rubber. The 
device uses air volume to increase the hardness using the 
syringe-pump actuation system, allowing the user to feel a 
variance in the stiffness of the virtual object. The soft robotic 
haptic device [36] allows easy handling by the user. The device 
has a constant pressure controller allowing to both pressurize 
and depressurize based on the user’s input. 

5 CONCLUSION 
Recent years have seen a rise in the popularity of tactile 
interfaces and haptic systems used in niche markets, have 
expanded to cover a large range of fields and disciplines. 

The paper provides a review of state-of-the-art haptic user 
interfaces and their application in the medical, rehabilitation, 
disability, teleoperation, and education fields. Recent advances in 
wearable haptics is an interesting field that allows tactile 
feedback to be applied directly to the wearer, regardless of time 
and space. Robotic teleoperation particularly, is of recent interest 
as it empowers the users to control devices from a remote 
location. Robotic teleoperation interfaces reduce potential harm, 
by keeping the operator out of potential dangers and allow for 
accurate control of remote systems. 

We also provide an overview of multimodal (visual-haptic) 
interfaces in education and training. Such interfaces facilitate 
learner training through “hands-on” approaches allowing them 
to experience new ideas and abstract concepts through touch. 

Haptic systems were employed in the entertainment industry 
(e.g., gaming). Game controllers use vibration and rumble effects 
to add an extra layer of immersion to the experience. However, 
as other hardware advancements had a strong impact on the 
entertainment industry, virtual reality, augmented reality and 3D 
environments, the tactile sense is still often lagging behind.  

As force-feedback interfaces become affordable and 
widespread, we foresee a solid growth in the entertainment and 
training industry. Furthermore, commercial wearable haptic 
devices have gained popularity over the past few years as users 
expect a more natural interaction within the user interface. 
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