Tactile interfaces: a state-of-the-art survey
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(i) virtual environments (applications based on the virtual
reality technology) and (ii) teleoperation applications.
This paper aims to overview what have been achieved so
far in this field and to summarize the different
specifications that may help researchers and engineers in
future tactile interfaces development’s considerations.

Abstract- Virtual reality techniques allow one to interact
with synthetic worlds, i.e. virtual environments. Tactile
feedback means conveying parameters such as roughness,
rigidity, and temperature. These information and many
others are obtained thanks to the sense of touch. Tactile
feedback is of prime importance in many applications.
In this paper we examine the state-of-the-art in tactile
interfaces design. Thorough reviews of the literature reveal a
significant amount of publications concerning tactile humanmachine interfaces, especially onwards the ~1990. This
paper reports the progress in tactile interfaces technology in
the following areas: teleoperation, telepresence, sensory
substitution, 3D surface generation, Braille systems,
laboratory prototypes, and games. Different parameters and
specifications required to generate and feed back tactile
sensation are summarized.

From the technological point-of-view, tactile stimulation
can be accomplished in different ways. The used
technologies for virtual environment (VE) systems were
inspired from matrix pin-printers technologies and Braille
systems for blinds. Solutions based on mechanical needles
actuated by electromagnetic technologies (solenoids,
voice coils), piezoelectric crystals, shape memory alloys,
pneumatic systems, and heat pump systems based on
Peltier modules have been proposed. Other technologies,
such as electrorheological fluids which change the
viscosity and therefore the rigidity under the application
of an electric field, are still under investigations.
Technologies dedicated to medical applications such as
electro-tactile and neuromuscular stimulators have not yet
been used because of their invasive nature.

Keywords: Tactile Interface, Touch feedback, Teleoperation,
TVSS, Haptic technology, Virtual Reality.

I. INTRODUCTION
One of the human being characteristics allowing him to
be fully autonomous in his environment and to modify it
is his ability to interact with the external world. This
characteristic is common to almost all the living species.
The collected/exchanged information, usually called
“natural signals”, are of different types such as
mechanical, thermal, and chemical excitations. These
natural signals are first detected by specific biological
sensors, and then translated as biological internal signals.

II. AN OVERVIEW OF TACTILE TECHNOLOGY
In this section, we present existing state-of-the-art tactile
stimulators, their physical, spatial, and frequency
characteristics. A classification in terms of application
domains has been defined in order to present the different
tactile interfaces. The different applications are listed
below:

The human haptic sense is composed by two submodalities1: the kinesthetic sense (force, motion) and the
tactile sense (tact, touch). In this paper, only the tactile
interfaces are presented. A tactile device is a manmachine interface that can reproduce as truly as possible
the tactile parameters, such as the texture, roughness,
temperature, and shape. Such systems find applications in
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Tough this separation is far from being physiologically
established.
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Teleoperation and telepresence;
Laboratory prototypes to study the different
tactile parameters;
Sensory substitution;
3D surface generation;
Braille systems;
Games.

In the Armstrong laboratory, Chris Hasser studied the
perception characteristics on a tactile surface of 5 × 6
actuators, separated by 3mm in each direction. The
actuators of this interface are based on shape memory
alloy (SMA) wires, used to push and pull the tactile
elements (contactors) [4]. This work results in a tactile
interface (matrix) device known as HAP-TAC (Haptic
Tactile), which has been used in the TacGraph2 system, to
allow feedback data drawings for blind persons. The
closed loop behavior brings together the required
performances for a maximum force value of 2N, with a
resolution of 0.12N [5].

II.1 TACTILE INTERFACES FOR TELE-OPERATION AND
TELE-PRESENCE
Dave Andaleon, from the Sandia National Laboratories,
conducted work on tactile devices that interact with the
fingertip for VE applications. The tactile interface
consists in a pin-matrix of 2 × 3 electromagnetic
actuators, mounted on a frame, and fixed on the finger of
the user (Fig. 1). Each actuator operates in the range of
frequency of 8–100Hz, is able to actuate with an
indention of 762µm, and operates at a maximum pressure
of 1.2N/cm² [1].

Using the same technology, the Harvard university
researchers in the group of Robert Howe, developed
tactile interfaces prototypes. Developed tactile devices
allow, all together the shape feedback and/or the vibration
feedback. The tactile interface (Fig. 5) uses pins driven by
actuators of the SMA wire type. The pin diameter is about
1.7mm, the distance between two pins is 2.1mm, and the
force delivered by each pin is 1.2N [6].

Fig. 1
Fig. 2
Fig. 3
Fig. 1. Sandia National Laboratories Tactile Interface.
Fig. 2. Prototype of slip to a degree of freedom.
Fig. 3. Touch Master of EXOS, Inc.

A tactile glove, that exhibits pressure and temperature
feedback, called Teletact (Fig. 6), was developed by the
Salford university researchers, from the electronic
department. The interface is composed of a ceramic disk
of PZT (lead zirconate titanate) with 10mm diameter and
1mm thickness.

The EXOS researchers focused on the sensations
feedback of slip and shearing [2]. The slippery feedback
has been developed to reproduce the sensations of
adherent loss and lateral stretching on the skin. The
maximum speed is about 0.0254m/s and the normal force
may reach 17.8N (Fig. 2).

The DataGlove (Fig. 7) developed by VPL is a data glove
with 14 sensors that measure the finger bending (two
sensors by finger). Zimmerman from IBM's Almaden
Research Center, and his group, modified a DataGlove by
associating piezoceramic actuators under each finger.

Another interface developed by EXOS, is the
TouchMaster (Fig. 3). It is a tactile interface that allows
the stimulation of each of the four fingers and the thumb.
The actuators are electromagnetic of voice coil type.
These actuators give a “vibrotactile” feedback, which
supply a fixed frequency of about 210-240Hz, at constant
amplitude.
In the framework of collaboration between Ottawa
University and the Canadian Space Agency, Petriu and
McMath described a device of tactile sensors used on a
slave robot [3]. The tactile stimulator consists of 8 × 8
electromagnetic vibration needles/heads on a surface of
6.5cm² (Fig. 4).

Fig. 7
Fig. 8
Fig.9
Fig. 7. Data Glove. Fig. 8. ARRL Interface. Fig. 9.
Pneumatic actuators.
The ARRL (Fig. 8) haptic interface was developed by the
Salford university group. It integrates three pneumatic
actuators (inflating balloons), in order to reproduce simple
tactile feedback, when the hand (or the user virtual cursor)
enters in contact with a virtual object. These pins are
controlled by a servo-valve, and can be replaced by
actuators of the solenoid type [7].

Fig. 4
Fig. 5
Fig. 6
Fig. 4. Tactile Interface for Teleoperation. Fig. 5. Tactile
Interface operating in a vibration mode. Fig. 6. The
Teletact (University of Salford).
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TagGraph: a tool that permits to build graphic tactile
scenes.
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The Toshiba Nuclear Engineering Laboratory researchers
in Japan, integrated inflatable actuators in the form of a
ring, on a VPL DataGlove [8][9]. The pneumatic actuator
(Fig. 9) is located at the ring basis/center, and inflates the
balloon that exhibits a pressure on the operator’s
fingertip. Its size is 8mm in diameter, and 12mm long (in
the inflated state). The maximum resulted pressure is of
2Kg/cm².

power supply. Spacing between the pins is of 3mm. Each
actuator delivers a force of 30g and operates in
vibration/oscillatory mode.

Begej, under a contract with the Johnson Space Center
(NASA), developed a large scale tactile interface. This
interface has 512 actuators i.e. tactile elements. The same
company developed a glove that allows tactile feedback
and force on the three fingers. It supplies the user with
force feedback through an exoskeleton mechanism.

Fig. 12
Fig. 13
Fig. 14
Fig. 12. CyberTouch from Virtual Technologies, Inc. Fig.
13. The Tactool system from Xtensory, Inc. Fig. 14.
Interface exploration of surface of Hashimoto.
Within the Hashimoto Laboratory at the Institute of
Industrial Science, University of Tokyo, researchers were
interested in the telenanomanipulation by using
techniques of microscopes with tunnel effect (Scanning
Tunneling Microscope STM) and Atomic Force
Microscope AFM. This system can explore a surface at
the nano-scale level, and the operator can feel roughness
at this scale (Fig. 14).

Fig. 10
Fig. 11
Fig. 10. Actuator assembled on the finger (MEMICA).
Fig. 11. DTSS from CM, Inc.

II.2 INTERFACES TO STUDY THE TACTILE PARAMETERS
At the university of Nagoya Japan, Toshio Fukuda and his
team [16] proposed a prototype of an electromagnetic
actuator (Fig. 15), which satisfies the requirements of
tactile feedback (density, temporal bandwidth, force, etc).
The actuator is composed of a micro solenoid and a
permanent magnet which is displaced within the solenoid.

Kenaley and Cutkosky were the first to propose the use of
Electro Rheological Fluid (ERF) to provide tactile
feedback on robotic fingers [10]. One of the first to
propose the application of ERF in tactile device design
was Monkman [11]. Taylor and his group at the
University of Hull at RU proposed and tested
experimentally a tactile interface of 5×5 actuators of the
ERF type [12]. Furthermore, the MEMICA system (Fig.
10) developed by the Rutgers university researchers at the
JPL (Jet Propulsion Lab), uses ERF based gloves for
haptic feedback [13] [14].
The CM Inc. researchers proposed the DTSS system (Fig.
11), which was used for VE applications. When the
system is used with some localization devices, it allows
temperature feedback at the appropriate location in VE,
felt by the user’s fingertip. The actual product, the DTSS
X/10 model, is intended to be a research tool. It is
composed of a controller, and eight thermodes. The
temperature variation interval lies between 10°C and
45°C with a resolution of 0.1°C.

Fig. 15
Fig.16
Fig.17
Fig. 15. Electromagnetic Actuator. Fig. 16. Tactile
interface of Karlsruhe. Fig. 17. Harvard tactile interface.
At the department of technology and engineering of the
research center of Karlsruhe, Fisher’s group developed a
system of tactile feedback that can be interfaced to a
flexible endoscope’s forceps. The interface is composed
of 3 × 24 needle actuators, providing a total of 72
actuators. The various needles are actuated using
electromagnets operating at a maximum frequency of
600Hz (Fig. 16).

In 1995, Virtual Technologies Inc, proposed the
CyberTouch (Fig. 12) which provides tactile feedback in
addition to the standard CyberGlove used in many
applications. The tactile actuators are attached on the each
end of the finger and the palm of the hand to provide
impulses and vibrations [15].

C R. Wagner et al. [17] proposed a tactile interface driven
by RC servo-motors (Fig. 17). These motors have a large
bandwidth, and a large vertical displacement at a
relatively low cost and a simple construction. The active
surface has a high density of active pins. The interface has

Xtensory Inc, developed the Tactool system (Fig. 13)
made of tactor (actuator) connected by a cable to the
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In Shinoda lab at the university of Tokyo, [22] researchers
proposed a method to reproduce a tactile feeling that
results when exploring a surface. The system is composed
of four magnets attached on the skin in a linear
configuration (Fig. 23), and controlled by four coils.

6 × 6 mechanical pins with 2mm spacing between the
pins, and a resolution of 4 bits. For a vertical
displacement of 2mm, the rise time is of 41ms.
P. Wellman and R.D. Howe studied the application of
vibrotactile feedback to add a new dimension of realism
to virtual environments (Fig. 18).

At the NTT Interdisciplinary Research Laboratories of
Tokyo, T. Watanable and S. Fukui [23] developed a
tactile device which is able to transform the roughness of
a surface into a smooth tactile sensation (Fig. 24). This is
achieved by vibrating the surface at ultrasonic frequencies
of about 77kHz. The maximum amplitude of vibration is
approximately 2µm.

Based on the work of Brodey and Holmen [18], a new
haptic transmission concept was developed by
CompuTouch. The system is a simple design and is
composed of a low cost two-axis motor. The maximum
tilt angle is of +/- 10° (Fig. 19).
The Exeter interface was developed to simulate tactile
sensations on the fingertip. The interface has been
designed with 100 pins, fitting in 1cm² to cover the
fingertip (Fig. 20). Each contactor is driven by a
piezoelectric actuator. The 100 actuators can be addressed
individually by software.

Fig. 24
Fig. 25
Fig. 26
Fig. 24. NTT Tactile Interface. Fig. 25. Programmable
tactile surface (TiNi Alloy Company). Fig. 26. Design of
SMA actuator.

A stimulator with 400 tactile elements (Fig. 21) was
developed to study the properties of spatial responses of
neurons, located in cortex areas (the brain area, which
receives and treats somatic senses) [19][20]. The
researchers developed their device based on the
physiological characteristics of man. A spacing between
two actuators of 1mm, a frequency reaching 300Hz, and
an amplitude of indentation up to 2mm.

In collaboration with the Center of the Human Systems of
US Air Force, the company TiNi developed a tactile
interface composed of a distribution of 5 × 6 pins, with a
spacing of 1.5mm, a diameter of 1mm and a force of 6g,
developed by each SMA wire actuator (Fig. 25). The time
response is 100msec.
Johanson proposed a tactile interface driven by SMA
wires with 5 × 6 pins and operating at 20Hz [24]. Another
tactile interface proposed by Wellman et al. is composed
of a line of 10 pins individually actuated [25][26]. SMA
wires are used to control the pins (Fig. 26). The pin is
raised when a current is applied to the SMA wire. Each
pin move up to 3mm and produce more than 1N force.

Fig. 18
Fig. 19
Fig. 20
Fig. 18. Voice Coil Interface. Fig. 19. The tactile button
of CompuTouch. Fig. 20. The tactile matrix
Akamatsu et al. [21], worked on a comparison between
tactile, sound and visual feedback, using an interface
computer mouse (Fig. 22). They modified the standard
mouse, so that it can give a tactile feedback at the end of
the finger. Tactile information is provided through a
unique aluminum pin (of 1 × 2mm). The pin is controlled
by a solenoid.

The HAPTAC product of the Armstrong Laboratory (Fig.
27) uses tactile actuators of the SMA type in order to
reproduce tactile feelings with.

Fig. 21
Fig. 22
Fig. 23
Fig. 21. Tactile interface of JHU. Fig. 22. Tactile mouse.
Fig. 23. Tactile interface with electromagnetic actuators

Taylor et al. developed also a tactile interface based on
SMA actuators [28]. Each actuator consists of a wire of
120mm length and 0.1mm in diameter. The amplification
mechanism is the same presented in (Fig. 28). The

Kontarinis and Howe [27] proposed a prototype of a
tactile interface based on SMA wire actuators (Fig. 28).
This device contains a 3 × 3 pin-actuators (with a final
version of 10 × 10 pin-actuators to cover all the space of
the fingertip) spaced by 2.2mm center to center. These
pin-actuators could produce displacements of 3mm and a
force of 1.2N per element. The time response in the two
directions is 62ms for a displacement of 2.5mm.
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are roughly 2 × 2mm². To date, the project is made in the
frame of collaboration between the MIT Touch Lab at
RLE and Prof. Kaigham J. Gabriel at the MEMS
Laboratory at Carnegie Mellon University (CMU). Initial
work has focused on the development of a single
stimulator or actuator that consists of two gas- or fluidfilled chambers as shown in (Fig. 31). The chambers are
covered and sealed by a common membrane such that
when the membrane covering the outer chamber is
displaced by electrostatic force, the membrane covering
the inner chamber is also displaced (a greater distance) by
the movement of the fluid.

interface consists of 8 modules and 8 actuators. The
spacing is 2.54mm. A maximum deflection is reached
during 500ms with amplitudes of 1.7mm.

Fig. 27

Fig. 28

At the university of Kobe in Japan, Konyo and Tadokoro
developed an interface using a composite polymeric
known as IPMC or ICPF [35] (Fig. 32). The goal was to
reproduce the feeling of touching a surface.

Fig. 29
Fig. 27. The HAPTAC system. Fig. 28. SMA Actuator
(Harvard University). Fig. 29. McGill University
Interface with Piezo-ceramic Actuators.

At the Hull University, United Kingdom, researchers
developed a 5 × 5 tactile interface based on electrorheological fluids (Fig. 33) for VE applications [36].

Fukuda et al. presented a matrix interface of 50 actuators
in a 5 × 10 configuration with an aim of making texture
feedback [29]. The interface T50-2 consists of 50 pins of
0.5mm diameter and spaced by 2mm. The active surface
is 8 × 18mm² and the frequency at which the actuators
operate is 250Hz.

In [37], the authors describe a 4 × 5 actuator array of
individual vibrating pixels for fingertip tactile
communication. The array utilizes novel micro-clutch
MEMS technology (Fig. 34). Individual pixels are turned
ON and OFF by pairs of microscopic thermal actuators,
when the main vibration is generated by a vibrating piezoelectric plate.

Hayward et al. developed a tactile interface which carries
out transversal or lateral deformations of the skin [30]
[31] [32]. The technology used for actuation is the piezoceramic. The actuators are manufactured in ceramics PZT
plates being composed of four layers of 0.25mm covered
with electrodes (Fig. 29). They provide a displacement of
±5µm for an applied voltage of ±200V. The last version
named STReSS uses an array of one hundred laterally
moving skin contactors designed to create a time-varying
programmable strain field at the skin surface. The density
of the array is of one contactor per millimeter square,
resulting in a device with high spatial and temporal
resolution [33].

At the university of Tokyo, the team of Tachi [38],
proposes a tactile interface 2D made up of 4 × 4
electrodes separated by a distance of 2.54mm. The
working frequency is of 100Hz.

Fig. 33
Fig. 34
Fig. 33. Interface based on ER fluid. Fig.34. Micro
electrical Mechanical System.
Shuichi Ino of the University of Hokkaido in Japan
carried out several research works on the tactile sense and
the tactile interfaces based on pneumatic actuation. The
pressure on each cylinder is controlled by a computer,
using an electropneumatic regulator controlling the
pressure, and producing feelings of shearing by means of
a transverse displacement. The amplitude of displacement
is of ±3mm. Moreover, they developed another interface
that gives thermal feedback [39]. The temperature of the
surface is measured by a thermocouple and a module with
Peltier effect (Fig. 35). The temperature range covered
lies between –10 and +60°C with a resolution of 0.1°C.

Fig. 30
Fig. 31
Fig. 32
Fig. 30. Chip MCNC MUMPS. Fig. 31. Micro-machined
Actuator with Polysilicon Membrane. Fig. 32. Tactile
interface based on EAP
At the Microelectromechanical Systems Laboratory of the
University of Carnegie Mellon, researchers developed a
tactile interface based on MEMS technologies. The Chip
MCNC MUMPS contains 24 actuators of different sizes
on a surface of 1cm² (Fig. 30). Dimensions of an actuator
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according to the slider position, and the user obtains some
tactile feeling.
II.3 TACTILE VISION SUBSTITUTION SYSTEMS (TVSS)
Unitech Research developed VideoTact which allow
producing a tactile image through a 20 × 20 matrix of 400
actuators containing solenoids of 1mm of diameter. The
Felix system developed by Norbert Wiener in the Fifties,
at the Research Laboratory of Electronics at MIT, is an
interface dedicated to the deaf persons [43].

Fig. 35
Fig. 36
Fig. 37
Fig. 35. Device with returned temperature. Fig. 36. NIBH
Interface Fig. 37. Teletaction.
Some haptic interfaces using force feedback, like the
PHANToM, can reproduce a texture of a surface or
sliding effect, and thus reproduce a tactile feedback. On
the other hand, some tactile interfaces have limited force
feedback. An example is the FEELit mouse produced by
Immersion Corporation (San Jose, CA) [40]. Its
workspace is of 2.5 × 1.9cm², and the maximum delivered
force is 1N.

At the University of Heidelberg in Germany, a very
particular interest was related to the fusion of visual and
tactile feedback [44]. The VTD interface is 230 × 300
mm² has a resolution of 2880 taxels, a working frequency
of 50Hz, and is actuated by piezo technology (Fig. 40).

Fig. 40
Fig. 41
Fig. 40. VTD (University of Heidelberg). Fig. 41. TDU of
Wisconsin University.

Fig. 38
Fig. 39
Fig. 38. Tactile Interface Based on SAW. Fig. 39. Thin
Type Electrostatic Linear Actuator

Paul Bach-y-Rita developed a tactile interface that
communicates information on the tongue (TDU for
Tongue Display Unit). Electrotactile stimuli are delivered
on the tongue which comes in contact with a flexible
configuration of electrodes (Fig. 41).

Another interface developed by the team of Shinohara at
NIBH in Japan is presented in (Fig. 36). The goal is to
generate 3D shapes by rising and lowering pins using a
ball fixed on a 2D translation stage [41].
Researchers at the University of Berkley [34] developed a
prototype of 5 × 5 tactile interface actuated by pneumatic
technology with 3 bits of resolution. The pneumatic
prototype interface delivers up to 0.3N/actuator (Fig. 37).

Optacon is composed of a small camera held in the hand
with a network of photocells (6 columns × 24 lines), and a
corresponding tactile interface, composed also of 6 × 24
pins (dimensions of the pin are 1.1 × 2.7cm²) [43]. A new
version named Optacon II is presented in (Fig. 42).

Researchers proposed a tactile interface which is excited
by a surface acoustic wave SAW [42]. A SAW is
generated by an alternating voltage with an inter-digital
transducer in a Li-Nb-O3 substrate of 17 × 63 × 1mm³
(Fig. 38). The wavelength of the SAW is 265µm with a
frequency of 15MHz.

The Tactaid products are instruments equipped with small
batteries to assist a deaf person to distinguish between
different noises, while enabling him to feel a vibratory
configuration, which corresponds to a given noise [43].

At Higuchi Lab from the University of Tokyo, researchers
developed a new type of tactile display based on force
feedback technique using electrostatic linear actuator. The
device is shown in (Fig. 39). The main part is an
electrostatic linear actuator that consists of a thin film
slider and a stator. The user can obtain tactile sensation by
moving the slider with his finger. The electrostatic linear
actuator generates shearing force on the user’s fingertip

Fig. 42
Fig. 43
Fig. 44
Fig. 42. Optacon II. Fig. 43. Abtim interface. Fig. 44.
VITAL interface.
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is composed of 144 rods which move vertically forming a
matrix of 12 × 12.

The German company Abtim developed in 2002 an
interface that is made of two independent parts (a sensing
device and a displaying device). The communication is
achieved by wireless transmission. The tactile part
presents a screen of 256 sticks on a grid of 4 × 4 cm² (Fig.
43). It transforms the visual information into tactile
information. The weight of the tactile device is 800g and
its dimensions are (14 × 20 × 3cm³).

II.5 BRAILLE INTERFACES FOR BLINDS PERSONS
The RBD Braille interface generates Braille characters by
raising and lowering pins, in response to an electronic
signal. It consists of actuators containing piezoelectric
crystals. The main drawback of the RBD (Fig. 48) is its
high price. Another Braille device is the rotating-wheel
based refreshable Braille display. It has been developed
mainly to reduce the cost of the previous system (Fig. 49).
The working principle of this device is to rotate the cells
of Braille under the fingertip and the different characters
are refreshed in this way. It is enough in this case to have
three actuators for the whole device (currently developed
by the National Institute of Standards and Technology).

At the CEA (the French Atomic Energy Center), a new
vibrotactile interface based on electromagnet actuators
has been developed (Fig. 44). A new multi layer approach
was proposed to build a new low coast tactile interface
that is adapted to an industry production [45]. The VITAL
display has a maximum pin deflection of ±100µm with a
resolution of 6 bits. The display can accurately operate at
frequencies up to 800Hz, with a first resonance frequency
at 270Hz. The maximum force delivered by each microactuator is about 13mN with a pin spacing is 2mm [46].
II.4 TACTILE INTERFACES BASED ON THE GENERATION
OF A 3D SURFACE

Fig. 48
Fig. 49
Fig. 50
Fig. 48. RBD Braille Interface. Fig. 49. Rotating Wheel.
Fig. 50. DM80 Interface from BAUM

The authors in [47] were interested in the concept of a
universal surface for haptic feedback. The interface
consists of 4 × 4 pins, on a square surface with a
dimension of 20mm². Each pin has a stroke of 50mm. The
different combinations of the pins’ amplitudes produce
different 3D surfaces that can be explored (Fig. 45).

In the case of Braille interface DM80 from BAUM, the
contents of the screen is read by means of 80 piezoelectric
tactile elements fast and reliable (Fig. 50).

Iwata et al. worked on FEELEX [48] (Fig. 46). FEELEX
is composed of linear actuators which deform a plane
surface of 3mm thickness. Each linear actuator is
composed of a mechanism with a screw controlled by a
DC motor. The screw converts a rotation into a linear
displacement of the tactel. The smallest diameter of the
motor which can control the screen is 4cm. Therefore, a
matrix of 6 × 6 linear actuators can be placed under the
screen.

II.6 TACTILE INTERFACES FOR GAMES
PainStation is a game for two players and was developed
by German designers at the Academy of media arts of
Cologne.

Fig. 51. Pain Station
This interface produces pain sensations (thermal pains
and mechanical pains) (Fig. 51).

Fig. 45
Fig. 46
Fig. 47
Fig. 45. Tactile interface based on returned of form. Fig.
46. FEELEX Interface. Fig. 47. MATRIX (A
Multipurpose Array of Tactile Rods for Interactive
eXpression).

III. CONCLUSION
In this paper, a state-of-the-art based on the various
applications of tactile interfaces is presented. Another
classification, based on various manufacturing and
actuation technologies would have been possible. It is
worth noting that:

MATRIX Interface is a device which allows a real-time
control of a deformable surface (Fig. 47) [49]. MATRIX
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1.

The most used technology is electromagnetic
actuation. This is due to the performances that
these types of actuators offer. In the case of
electric-motors, the interfaces are rather bulky
and can not be portable.

2.

The SMA wire technology is widely used in
tactile interfaces. Mechanical amplification
systems are used to increase strokes. The
drawback of this actuation technology is the low
bandwidth and the poor performances.

3.

For commercial applications such us Braille
systems, the actuation technology seem to trust
on piezoelectricity. This is due to the high
bandwidth and forces generated by such
actuation technology.

4.

Solutions such us: MEMS, ER fluid or Polymers,
arouse the interest of some research groups.
However they are not yet widely used.

5.

None of the interfaces among those discussed in
this paper deals with the fusion of all the
physical parameters which are necessary to
reproduce a texture (temperature, vibration,
pressure).
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