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Abstract
Tactile rendering attempts to replicate touch stimuli with the aid of haptic devices so that the perception of a material can be stored and
transmitted to a remote user. Haptic devices have potential implications on prosthetics, rehabilitation, telemedicine, and virtual reality. Research
on haptic interfaces and novel approaches to rendering tactile feedback in virtual and immersive environments has grown recently. We conducted a
comprehensive analysis to obtain information on tactile rendering, in general, from scholarly works published between 2009 and 2019. We present
a consolidated report on the current techniques on tactile rendering of textile materials. Existing research on tactile rendering focused on three
significant areas: surface feature extraction, virtual texture simulation, and assessment by a human observer. We found that in the majority of the
cases, the tactile interface system uses a mechatronics framework, where one or more electromechanical transducers converted tiny electrical
signals into mechanical forces to generate the necessary haptic stimuli. Furthermore, the paper discusses the prevailing critical challenges in tactile
rendering and the directions for future research.
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Introduction
The clothing industry is undergoing a digital transformation.
Demand for realistic tactile simulations is increasing in the clothing
and textiles field due to growing online shopping and virtual
prototyping needs. The critical requirement is to incorporate
virtual technologies to aid the manufacturers for speed to market,
and sustainable and transparent product development. In the
future, virtual rendering will replace the actual fabric samples.
Digital materials will become a key component in product
development and sales. To fully realize this digital transformation,
touch rendering is crucial.

Replicating touch-related physical contact experience through
tactile interfaces is challenging in haptic technology, especially for
flexible fibrous materials. Nevertheless, researchers developed
many ways to mimic the surface characteristics of textile materials.
The tactile property of textile materials greatly varies by fiber
composition, types of yarns, and fabrication processes. The haptic

display is generally carried out by extracting material surface
features and converting them into artificial tactile stimulation to be
perceived through rendering devices [1-6]. The fundamental idea
of haptic technology is to communicate somatosensory information
virtually or remotely. In a broad sense, haptic technology can be
categorized as kinesthetic (force and motion) or tactile (touchrelated) [7,8]. Kinesthetic or force feedback interfaces are
purported for a) measuring the forces and movement exerted by
human limbs, b) computing the effect of this force on virtual objects
and counterforce response, and c) applying the appropriate force
feedback to the user. On the other hand, the tactile interfaces
reproduce touch-related physical contacts with the environment,
i.e., tactile sensations, such as pressure, texture, softness, wetness,
thermal properties, and puncture, friction-induced sensations,
such as slippage, adhesion, and micro failures, and object features,
such as shape, edges, embossing and recessed features [9-16]. The
artificial tactile simulation and how closely it imitates reality can
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vary from device to device, depending on the rendering technique.

The current study provides a comprehensive review of haptic
technologies existing for textiles, based on scholarly works from
the last ten years. Peer-reviewed work of researchers was collected
using Google Scholar, PubMed, ScienceDirect, and IOPScience
search engines. The review presents two major sections (sections
3 and 4) that illustrate the haptics and its rendering processes.
Section-3 focuses on extracting surface properties from textile
substrates and the suitable methods available for this purpose.
Section-4 shows how various tactile rendering techniques employ
virtual encoding of surface data of substrates to use with rendering
devices. Section-5 presents the key challenges in tactile rendering
and provides future research directives.

The Sensory Pathways of Touch

Touch is one of the five human sensual abilities. These sensual
elements are necessary to identify and interact with objects in the
environment. The human touch sensory system comprises various
receptors in the skin layer, where every receptor detects different
tactile sensory components. For instance, mechanoreceptors can
recognize surface property; thermoreceptors can identify the
temperature level. In the haptic research study, mechanoreceptors
have gained a considerable amount of attention from researchers
since these receptors can sense pressure, vibration, and surface
roughness. Mechanoreceptors can be (i) fast adapting, (ii) moderate
adapting, and (iii) slow adapting. Fast adapting mechanoreceptors
(Pacinian) are efficient to sense minute and quick changes, and the
response time is less than 0.1 sec. These receptors can perceive the
surface roughness property of textiles and other materials. The
human skin’s Hypodermis layer (the deep layer) carries the Pacinian
cells. Moderate adapting mechanoreceptors (Meissner) can detect
surface contact, such as the presence of an insect on the skin, and
the response time is near to 1 sec. The Dermis layer contains these
receptors. The slow adapting mechanoreceptors (Merkel) identify
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static pressure and shape of the object, which is close to the skin
surface. The response time ranges from 10 to 100 sec [17].

In an actual touch interaction, the skin’s mechanoreceptors
generate signals as the object in contact slides and transmit them
to the human brain. Subsequently, the brain perceives the object’s
surface information and additional properties [18]. In a virtual
environment, the contact interface is unreal. Hence, artificial
vibrations and interactions are presented to the skin through haptic
devices and translated into touch perception in the brain.

Tactile Sensory Perception of Textiles

Traditionally, a human observer assesses the tactile perception
of textile materials in a laboratory setup. This perception may
vary from person to person depending on the palm prints and
the skin type of the observer. Human assessment of the tactile
quality of fabrics is a complex multi-dimensional analysis during
which the fabric is touched and manipulated with the fingers to
sense the properties. Such sensing helps perceive fabric softness,
flexibility, compressibility, roughness, elasticity, bulkiness, and
thermal characteristics. Artificially emulating the same sensory
feel of textiles is the goal that haptic devices hope to achieve. To
understand the haptic rendering techniques in reproducing the
feeling of touch, knowledge of the physical characteristics of fabrics
is necessary. The physical properties can be standalone such as
surface roughness and other frictional properties, or a combined
measure, such as fabric handle or hand.

Surface characterization

Table 1: Surface roughness characteristics and measurement techniques.

The surface roughness/smoothness of textiles is the most
common measure used in determining the tactile properties of
fabrics. The sliding friction between the fingertip skin and the fabric
surface measures the surface roughness. This friction depends on
various contact parameters, sliding speed, surface roughness, and
texture [10]. Several measurement techniques exist to measure
surface roughness analysis in fabrics (Table 1).

Measured Parameters

Instrument

Friction and roughness

Surface Tester in KES-F [19-27]

Sliding friction

Smart texture sensor [29-62]

Sliding friction

Roughness and texture

The friction and roughness tester within the Kawabata
Evaluation System for fabrics (KES-f) remains a standardized
system to test fabric surface characteristics. The tester uses steel
fingertip contactors probing the fabric surface for measuring the
mean deviation of surface contour, coefficient friction, and mean
deviation of the coefficient of friction [19]. A similar and slightly
advanced approach, the smart texture sensor, uses flexible fingerlike sensors instead of metallic sensors to mimic the human skin
and sliding action while analyzing surface properties [57,58]. The

Tribometer [28]

Computerized image processing [63,64]

texture sensor was introduced at the beginning of the 21st century.
It uses a thin, flexible polymer-based film [57]. The smart texture
sensors possess different surface feature extraction mechanisms
[59,60]. Some use a rotational mechanism [61], and some have a
fixed plane to assess the surface [10]. However, both devices have a
finger-shaped probe covered by a texture sensor at the outer layer.
Researchers have widely used polyvinylidene fluoride (PVDF)
based flexible films as smart sensors because of their excellent
piezoelectric property and cost-effectiveness [62]. PVDF is semi-
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crystalline and synthesized from (-CH2-CF2-)n. The difference in
electronegativity of carbon and fluorine atoms allows it to generate
various electrical potentials during sliding under normal contact
forces. The resulting potential difference is converted to a roughness
measure [61]. Song, et al. [61] developed a fingertip shape smart
sensor covered by PVDF film using a rotation disk for texture
classification. The PVDF was connected with a micro- controller
to process the raw data. The relative motion between the texture
sensor and fabric surface is facilitated during the experiment
by adjusting the desired sliding speed and normal contact force.
Based on the same principle, Rahmalho, et al. [10] developed a
hand-held probe to assess the surface friction of different fabrics
at a fixed plane. The probe’s design allowed efficient handling
and operation. The tip of the probe has polyvinyl chloride (PVC)
covered soft surface, which was mounted on the artificial finger and
allowed to slide in a linear or tangential direction to measure the
surface friction. The probe cable connects to a computer for further
characterization.
TriboTouch is another simplified setup to measure surface
roughness, where observers use their right-hand index finger
mounted with an accelerometer. The accelerometer can quantify
vibration spectra that originated from the sliding rate. The
vibration spectra computed as a function of sliding speed provide
the surface roughness wavelength [1, 44]. The roughness of the
three basic weave structures (plain, twill, and satin) tested by
TriboTouch revealed that the resulting vibration due to surface
friction increases with the yarn density along the weft direction.
On the other hand, the vibration due to surface friction decreases
with the yarn fineness along the weft direction. Finally, the frictioninduced vibration increases with the number of interlacements in
the weave structure. Satin weave provided less vibrational feeling
during the experiment [11].

Computer vision-based analysis of fabric roughness is evolving
in recent times. 2D and 3D scanned images of fabrics in combination
with advanced digital image processing techniques, and computer
algorithms measure the fabric roughness parameters. Wang, et al.
[63] developed an algorithm and a novel 3D scanner that could
recognize the weave pattern in addition to the roughness of the
textile substrate. Silvestre-Blanes, et al. [64] used multiple laser
vision cameras to evaluate washed garments’ wrinkled surface
and smoothness. The camera position significantly influences the
estimated roughness of the fabric, causing inconsistencies. The
computer vision technique for texture recognition backed up by
artificial intelligence is needed for future textile haptic research.
Capturing the surface property of materials using imaging is
much more efficient than the previously described surface
characterization technique.

Fabric hand

The aggregate physical characteristics of textiles that define the
tactile sensory perception is called ‘fabric hand.’ Hand expressions
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are important fabric properties that experts commonly utilize to
communicate the tactile nature of the fabric subjectively. Kawabata
et al. identified (i) stiffness (Koshi), (ii) smoothness (Numeri), (iii)
fullness (Fukurami), (iv) crispness (Shari), and (v) anti-drape (Hari)
as primary hand expressions for suiting fabrics. KES-F instrument
allows quantification of fabric hand using a set of objective measures
and their correlation with subjective evaluations of tactile comfort.
Four different low-stress physical properties of fabrics, (i) tensile
and shearing, (ii) rigidity and bending, (iii) compression, and (iv)
surface friction/roughness, are analyzed in the experiment. A total
of 17 properties are measured for a given fabric, i.e., tensile strain,
tensile resilience, linearity in extension, tensile energy, bending
stiffness, bending hysteresis, shear rigidity, shear hysteresis, shear
hysteresis at 5° shear angle, linearity in compression, compression
energy, compression resilience, mean frictional coefﬁcient, frictional
roughness, geometrical roughness, fabric thickness, and weight.
Translational equations convert the 17 individual properties into
a primary and a total hand value. The total hand value defines the
overall hand of the fabric estimated from the primary hand values.
The total hand value is a numerical expression, ranging between
one and five, describing the tactile quality of the fabric, where five
means excellent hand and one means poor hand [65, 66].
Fabric Assurance by Simple Testing (FAST) is another fabric hand
system that measures the fabric’s compression, bending, extension,
and dimensional stability characteristics. The CSIRO Division of
wool technology of Australia developed the FAST in 1980. The
instrument is digitally enhanced and simple to evaluate the lowstress mechanical properties of lightweight woven substrates [10].
As fabric hand properties match the tactile sensation experienced
by human hands, it is a critical element for artificial emulation of
the sense of textile touch.

Haptic Rendering Techniques for Textiles

The term “tactile rendering” is associated with the touch
sensation of virtual products, where tactile rendering devices
artificially simulate the surface properties of a real object. It allows
a human observer to feel the surface despite not touching the real
object. The study of tactile rendering techniques started long ago
with Braille Display made for blind people to perceive the written
alphabets on a planar surface. Since then, scientists have invented
several methods of tactile rendering. For example, touch screen for
navigation [8], endovascular telesurgery [5], gaming interface, and
vibrotactile stimuli [11,67,68]. However, to simulate the surface
characteristic of textile substrates, the rendering technique should
work at a micro-scale since yarn fineness and weave structures
contribute to the roughness.
The surface area of the tactile display panel or stimulator
is a crucial factor in determining the stimulation type. In local
stimulation, a computer program controls a matrix of pins to
generate the stimulating surface. The contacting area is somewhat
less than or equal to the fingertip shape — for instance, braille
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display, shape memory alloy (SMA)-based miniature tactile
simulator, HAPTEX (24 arrays of pins) [69]. In contrast, global
stimulation consists of a large area for tactile sensation. Users are
required to slide their fingertips over the examining surface to
perceive this type of stimulation. It provides a better idea regarding
the object’s surface properties [8]. The magnitude of local and
global stimulation depends on the normal and frictional/lateral
force originating at the stimulator panel, which causes touch feeling
[70]. The normal force acts perpendicularly against the fingertip
surface, and the relative motion between the tactile stimulator
panel and the human fingertip creates the frictional/lateral force.
Moreover, the touch sensation of the human observer depends upon
the sliding frequency and the actuated frequency of the stimulator
panel. The following sections describe how the measured surface
characteristics are artificially generated in various tactile rendering
devices.

Electrostatic display

The electrostatic display employs electrostatic force to provide
artificial surface roughness stimuli. The two popular electrostatic
display types are voltage-driven electrostatic and dielectric-based
tactile displays. The voltage-driven electrostatic device consists of
electrodes and a thin slider film. The electrodes are stationary and
distributed around the surface of the device in a regular pattern.
During the fingertip sliding activity, the electrodes cause differential
Table 2: Tactile rendering techniques and instrumental variables.
Tactile Display Technique

Electrostatic [72-87]

Polymeric [3,90-100]
Rheological fluid [101-109]
SMA [110,112-123]

The surface’s insulating layer (alternative to the thin slider
film) was of SiO2. In most electrostatic displays, a soft and flexible
insulating layer overlaid on rigid touch panels is used [14].
The dielectric layer-based displays consist of actuators
separated by dielectric layers [15]. The dielectric layers either
contract or expand as a function of a voltage applied to the
actuators. As a result, the stimulator tip rises or lowers and offers
surface roughness stimuli. Penn Haptic Texture Toolkit HaTT [16],
touch screen devices [1,71], and Braille windows [2] are created
based on the electrostatic principle.

Even though the working principles are somewhat similar for
the two display types, there are key differences in the measuring
variables. The five most frequently used variables related to
electrostatic tactile display are the normal contact force, frictional
force, lateral force, sliding speed, and actuated frequency. Table 2
lists the values of these variables.
Output Force and Frequency

Instrumental Variables

Sliding speed 3 to 100 mm/s

Normal/Frictional Force

Actuated Frequency

0.12 to 5 N / Up to 1 N

0 to 3000 Hz

0.1 to 0.6 N / 0.01 to 43.4 kN

Thickness of the piezoelectric film
5 µm to 135 mm

Pitch 0.5 to 2.54 mm

0.01 to 5 N

Refresh time 1 msec to 1 sec

Up to 2.5 N

Stroke 0 to 25 mm

Pitch 0.5 to 2.5 mm

0.5 to 1920 Hz

300 Hz

10 to 300 Hz

Refresh time 1 msec to 0.8 sec

Pneumatic

Stroke type [123-125]

Stroke 700 µm to 0.2 mm

Non-contact ultrasound
[133-135]

Operating height 8.6 mm to 50 cm

Balloon type [126-132]

voltages that provide a sense of surface friction. The inner surface
of the thin film has a layer of aluminum coating. A linear decoder
placed in the slider film spots the finger’s position. These devices
can simulate surface textures at micrometer resolution with the
electrodes positioned at a 1 mm pitch [12]. In a further development,
Ishizuka, et al. [13] introduced Cr-based electrodes with a very high
resolution amounted to less than a micrometer. The width of the
electrode was 0.95 mm, with a pitch of 0.05 mm [13].

Cavity size 1.5 to 4 mm

Polymeric display
Electroactive polymers (EAP) are widely used in actuation,
chemical sensation, and physical stimuli. In recent years, EAPs
have been employed to create touch panels that deform locally by
raising or lowering the array of actuators when an external voltage

Up to 200 kN
Up to 80 kN

1.01 to 20 N

(acoustic force)

2 to 83.3 Hz

1 to 1000 Hz

is applied [88]. EAPs have some exceptional features, for instance,
high strain with low modulus value and the ability to change shape.
That makes them a perfect candidate for tactile actuation. There are
two types of EAP tactile displays; (1) ionic EAPs and (2) electronic
EAPs [89].
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Ionic EAPs are conductive polymers or polymer-metal
composites, generally synthesized from polypyrrole (PPy) and
poly(3,4-ethylenedioxythiophene) (PEDOT). The construction
of ionic EAP actuators demands an ion tank that facilitates ion
migration during surface deformation under current supply. The
voltage required for this type of actuator is very low and often
less than 5V. On the other hand, electronic EAPs use dielectric
elastomers and piezoelectric polymers. They do not need any
ion reservoir; instead, they generate ultrasonic waves to produce
tactile perception [89].
In piezoelectric polymer-based tactile displays, a propagating
ultrasonic wave produces touch stimuli [3,4]. The wave is created
by stimulating a pair of interdigital transducers patterned in PVDF
piezoelectric polymer film. During a touch event, the ultrasonic
wave propagates from one end of the transducer to the other end
and returns to the source end. The process is repeated continuously
throughout the touch. This reflection mechanism creates a standing
wave between the pair of transducers, which gives the perception
of surface texture [3]. Some other piezoelectric tactile displays have
a moving part down under the probe, which assists in modulating
the traveling wave during finger-sliding. This modulating traveling
wave helps to provide actual texture perception depending on
finger placements [4]. The systematic review found 14 scholarly
works on the piezoelectric tactile display. Normal contact force,
frictional force, the thickness of the piezoelectric film, and actuated
frequency are the control variables in these displays (Table 2).

Rheological fluid display

The rheological fluid is a special carrier fluid capable of
changing the form from liquid to pseudo-solid state under electric
and magnetic fields. The fluid particles are randomly oriented
under normal conditions and with an applied external magnetic
field, the fluid viscosity changes due to controlled orientation. The
rheological fluid is usually a kind of oil. Electrically active fluids
are known as ER, and magnetically active fluids are known as MR.
MR fluid-based haptic displays are primarily used in endovascular
telesurgery [5,104-109]. The device has two main parts; master
and slave. The master site consisted of a rigid catheter embedded
with MR fluid container at the user end, which allowed a person to
work with the haptic system depending on the applied magnetic
field.
The rigid catheter provided a passive haptic sensation
concerning the user’s axial and radial motion in the haptic interface.
The slave site collected axial and radial motion values from the
master site and replicated them in a VR system. However, whenever
the rigid catheter moved to the danger zone or vascular wall, the
slave site showed a danger signal [5]. The evaluation of this haptic
interface using human subjects revealed that a little bit of training
of human subjects enhanced the performance. The ER fluid-based
tactile interfaces work based on the pressure-driven flow of ER fluid
placed between plates. When no voltage is applied, ER fluid remains
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liquid. In this case, if the human observer slides his fingers over
the tactile display, he will not feel any opposing force or vibration.
ER fluid turns into a pseudo-solid state when an external voltage
is applied, which provides opposing force or vibrational feeling.
The device is equipped with a dynamic mechanical analyzer to
measure the emerging resistive force concerning different amounts
of the applied voltage. The study revealed that the resistive force
or vibrational feeling increases with the applied voltage [6]. The
advantage of MR/ER fluid display is that it can quickly switch the
state from pseudo-solid to fluid or fluid to pseudo-solid. The time
taken for changing the state is known as refresh time. If several
MR/ER-based tactile actuators are arranged to form an array, they
can generate effective feedback. Table 2 lists the most frequently
controlled variables and their values in the rheological fluid display.

Shape memory alloy display

A shape memory alloy (SMA) is a smart material that deforms
under cold temperature but retains its original shape when
subjected to heat. There are two types of SMA display; such as (1)
MEMS (Micro-Electro- Mechanical Systems) based display and

(2) wire-based display. The MEMS-based tactile display has an
SMA- based thick film actuator that deforms its shape under heat
to facilitate the raising or lowering of the pins [110]. The device
mainly consisted of pins, cap layer (for hiding the pins), springshaped SMA actuator, and micro-heater [110]. When an electrical
voltage is applied, the micro-heater heats the actuator. As a result,
SMA spring-shaped actuator retains its flat shape and raises the
pin. On the other hand, when the actuator is cooled, the spring
deforms into a curve shape that pushes the pin down [110]. The
pin’s vertical upward and downward movement defines the stroke
length. The wire-based tactile display uses SMA wires that shrink
under electric pulse. Suppose T2 is the raised temperature after
the SMA wire receives a weak current, then the wire shrinks
lengthwise. It returns to its previous dimension and temperature
T1 when the supply current is withdrawn. The advantage of this
SMA wire is that it could rapidly cool down and retain the original
form [111]. Commonly, the pulse current creates a micro-vibration
effect in SMA wire that generates touch sensation for the human
observer. The device could generate up to 300Hz frequency [111].
See table 2 for SMA tactile display, measuring variables, and their
numerical parameters.

Pneumatic display

The pneumatic displays are mainly two types, a) stroke display
and b) balloon display. The stroke display uses pneumatic pressure
to raise or lower the array pins of the contactor for tactile feedback.
The air supply is controlled based on the texture value of the
textile substrate [8,123]. On the other hand, the balloon displays
have cavities on the actuation layer made of silicone material in
most cases. Instead of raising the pin, the balloon displays produce
airborne layers using the cavities for touch sensation [126-132].
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Noncontact ultrasound display
Display techniques discussed thus far are direct contact methods
for tactile feedback. The ultrasound technique is a non-contact
method for producing an airborne tactile sensation. Takayuki Hoshi
and his colleagues invented ultrasound-based non-tactile displays
in 2008, and the development of this invention is still going on.
The display does not require physical touch by a human observer.
Instead, it uses an aerial imaging system to produce airborne layers
on the top surface of the display. So, whenever the observer slides
a palm over the airborne layer, the roughness can be felt [133]. The
ultrasound transducers create three- dimensional forms in space
employing acoustic radiation pressure covering a wide range of
frequencies with low spatial resolution [134]. Comparing three
ultrasound tactile displays with 10 x 10, 10 x 20, and 20 x 20
transducers (single, double, and quad tiles) showed that the tactile
feedback sensitivity depended on four parameters. They are the
workspace span, resolution of the tactile display, the magnitude of
the force feedback created by the airborne layer, and robustness of
the simulation. The results showed that the workspace elevation
and magnitude of the force feedback were almost similar for the
three displays. The workspace increased with the number of
transducers along the plane. However, the robustness decreased
with the number of tiles [135]. Since the ultrasound tactile
display creates an airborne layer instead of a solid surface, it has
an operating height from the ultrasound transducers’ basement,
which generates acoustic force with the help of a base operating
frequency of 40 kHz. Later, modulating this operating frequency
generates the actuated frequency for human touch sensation. Table
2 lists the most widely used variables and their values in ultrasound
tactile display.

Key Challenges and Future Research Perspectives

Textile materials are complex multi-scale structures. A fabric,
for instance, is a 2D plane with indentations due to weave or knit
patterns. Within the fabric, yarns are arranged in horizontal and
vertical axes. These yarns are, in turn, made of strands of fibers
arranged helically. Depending on whether these yarns are filamentbased or staple fiber-based, they can protrude on the surface of
the yarn, providing a whiskery surface. When a human observer
touches the surface of a fabric, all these structures generate very
complex stimuli that are very hard to delineate. In such a scenario,
attempting to re-create the same stimuli through tactile rendering
is challenging. Nevertheless, researchers are progressing to achieve
close-to-real textile stimuli through tactile rendering.
Several rendering techniques discussed here attempt to
generate stimuli signals to emulate the sliding touch of textile
materials. Both contact and non-contact methods are limited to
operating in a rigid framework, i.e., the whole display does not
deform like a piece of fabric. This property is essential because
when a human observer handles a fabric, the stimuli originate
not entirely from surface sliding. Instead, a complex interaction
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happens where the fabric is deformed, compressed, and strained.
The resultant perception about the fabric is possibly a non-linear
cumulative phenomenon, which cannot be delineated. There is
little or no research addressing this issue.

Since tactile perception is related to human neurophysiology,
it may be helpful to study the neural responses of humans as they
evaluate a textile material. Comparing those neural responses
with those attained with the rendering devices can show how
much a device can successfully emulate an actual textile material.
Additionally, the physical evaluation varies from person to person
due to individual variances in the applied forces, duration and
frequency of contact, and whether they use one hand or both. These
issues have to be factored into the design of rendering devices so
that a closed feedback loop forms between the device and the
human observer.

Conclusion

The study presented a review of various technologies available
to render tactile stimulation to humans, particularly those that

mimic textile materials. Textile industries relied on human
observers to evaluate the handle or feel of manufactured fabrics.
The evolution of devices such as KES-F and FAST gradually phased
in to replace the human observer. The complexity and lack of ability
to communicate human perception made these devices unsuitable
for digital systems such as online retailing and sampling. The
emergence of tactile rendering devices attempts to fill this gap by
offering the ability to store and transfer textile stimuli through a
digital medium.

Acknowledgement
None.

Conflict of Interest
Authors declare no conflict of interest.

References

1. Tomita H, Saga S, Kajimoto H (2017) Multi-electrodes-Based
Electrostatic Tactile Display. Lecture Notes in Electrical Engineering
Haptic Interaction: 171-174.
2. Sun X, Chen J, Liu G, Long H (2017) Perceiving Physical Attributes of
Objects Using an Electrostatic Tactile Display. Lecture Notes in Electrical
Engineering Haptic Interaction: 383-386.

3. Akther A, Kafy A, Zhai L, Kim HC, Shishir MI, et al. (2016) Ultrasonic
wave propagation of flexible piezoelectric polymer for tactile actuator:
Simulation and experiment. Smart Materials and Structures 25(11):
115043.
4. Ghenna S, Vezzoli E, Giraud-Audine C, Giraud F, Amberg M, et al.
(2017) Enhancing Variable Friction Tactile Display Using an Ultrasonic
Travelling Wave. IEEE Transactions on Haptics 10(2): 296-301.

5. Song Y, Guo S, Yin X, Zhang L, Wang Y, et al. (2017) Design and
performance evaluation of a haptic interface based on MR fluids for
endovascular tele-surgery. Microsystem Technologies 24(2): 909-918.
6. Koo J, Mazursky A, Yang T (2018) Experimental evaluation of a miniature
haptic actuator based on electrorheological fluids. Active and Passive
Smart Structures and Integrated Systems XII.

Citation: Tarkan AYDIN, Beste AYDIN, Mehmet Kemal AKIN. Different Pattern Designs with Printing Method on Classic Worsted
Wool Fabrics. J Textile Sci & Fashion Tech 9(3): 2022. JTSFT.MS.ID.000714. DOI: 10.33552/JTSFT.2022.09.000714.

Page 6 of 10

Journal of Textile Science & Fashion Technology

Volume 9-Issue 3

7. Spelmezan D, Appert, C, Chapuis O, Pietriga E (2013) Side pressure
for bidirectional navigation on small devices. Proceedings of the 15th
International Conference on Human-Computer Interaction with Mobile
Devices and Services - MobileHCI 13.

27. Zhou R, Wang X, Yu J, Wei Z, Gao Y (2017) Evaluation of Luster, Hand Feel
and Comfort Properties of Modified Polyester Woven Fabrics. Journal of
Engineered Fibers and Fabrics 12(4): 155892501701200.

9. Dai X, Li Y (2006) Clothing mechanics. Biomechanical Engineering of
Textiles and Clothing: 75-90.

29. Asaga E, Takemura K, Maeno T, Ban A, Toriumi M (2013) Tactile
evaluation based on human tactile perception mechanism. Sensors and
Actuators A: Physical 203: 69-75.

8. Messaoud WB (2016) Design and Control of a Tactile Stimulator for Real
Texture Simulation: Application to Textile Fabrics.

10. Ramalho A, Szekeres P, Fernandes E (2013) Friction and tactile
perception of textile fabrics. Tribology International 63: 29-33.
doi:10.1016/j.triboint.2012.08.018
11. Hu J, Zhang X, Yang X, Jiang R, Ding X, et al. (2015) Analysis of fingertip/
fabric friction- induced vibration signals toward vibrotactile rendering.
The Journal of The Textile Institute 107(8): 967-975.

12. Yamamoto A, Nagasawa S, Yamamoto H, Higuchitokyo T (2004)
Electrostatic tactile display with thin film slider and its application to
tactile tele-presentation systems. Proceedings of the ACM Symposium
on Virtual Reality Software and Technology - VRST 04.
13. Ishizuka H, Suzuki K, Terao K, Takao H, Shimokawa F (2017) Development
of high resolution electrostatic tactile display. International Conference
on Electronics Packaging (ICEP).
14. Ito K, Okamoto S, Elfekey H, Kajimoto H, Yamada Y (2017) Feeling
softness on a hard touch panel using an electrostatic tactile texture
display. IEEE 6th Global Conference on Consumer Electronics (GCCE).
15. Jungmann M, Schlaak HF (2002) Miniaturised Electrostatic Tactile
Display with High Structural Compliance. Proceedings of Eurohaptics.

16. Ilkhani G, Aziziaghdam M, Samur E (2017) Data-Driven Texture
Rendering on an Electrostatic Tactile Display. International Journal of
Human–Computer Interaction 33(9): 756-770.
17. Darian-Smith I (2011) The Sense of Touch: Performance and Peripheral
Neural Processes. Comprehensive Physiology.

18. Fagiani R, Massi F, Chatelet E, Berthier Y, Akay A (2011) Tactile perception
by friction induced vibrations. Tribology International 44(10): 11001110.
19. Musaddaq A, Amal B, Hafiz Faisal S, Havelka A, Hussain S (2018) Comfort
properties of nano- filament polyester fabrics: Sensory evaluation.
Industria Textila 69(01): 3-10.
20. Baig GA, Carr CM (2015) Kawabata evaluation of PLA-knitted fabric
washed with various laundering formulations. The Journal of The Textile
Institute 106(2): 111-118.

21. Carrera-Gallissà E, Capdevila X, Valldeperas J (2016) Correlation
Analysis between the Kawabata System (KES-F) and the UPC Ring
Methods of Fabric Analysis. Journal of Engineered Fibers and Fabrics
11(2): 155892501601100.
22. Chen Q, Fan J, Sun C (2015) The comfort evaluation of weft knitted plant
structured fabrics and garment. I. Objective evaluation of weft knitted
plant structured fabrics. Fibers and Polymers 16(8): 1788–1795.

23. Ji DS, Lee JJ (2016) Mechanical properties and hand evaluation of hemp
woven fabrics treated with liquid ammonia. Fibers and Polymers 17(1):
143-150.
24. Kan CW, Leung MHM, Mongkholrattanasit R (2016) Determination
of Surface Properties of Paper Towels with KES-F System. Applied
Mechanics and Materials 848: 174–177.

25. Patil S, Mahapatra A, Gotmare VD, Patil PG, Bharimalla AK, et al. (2019)
Effect of different mercerization techniques on tactile comfort of cotton
fabric. Indian J Fibre Text Res: 6.

26. Yao BG, Peng YL, Yang YJ (2018) Mechanical Measurement System and
Precision Analysis for Tactile Property Evaluation of Porous Polymeric
Materials. Polymers 10(4): 373.

28. Messaoud WB, Bueno MA, Lemaire-Semail B (2016) Relation between
human perceived friction and finger friction characteristics. Tribology
International 98: 261-269.

30. Castellanos-Ramos J, Navas-González R, Macicior H, Sikora T, Ochoteco E,
et al. (2010) Tactile sensors based on conductive polymers. Microsystem
Technologies 16(5): 765-776.

31. Cataldi P, Dussoni S, Ceseracciu L, Maggiali M, Natale L, et al. (2018)
Carbon Nanofiber versus Graphene-Based Stretchable Capacitive Touch
Sensors for Artificial Electronic Skin. Advanced Science 5(2): 1700587.
32. Chen X, Barnes CJ, Childs THC, Henson B, Shao F (2009) Materials’ tactile
testing and characterization for consumer products’ affective packaging
design. Materials & Design 30(10): 4299-4310.

33. Chen X, Shao J, Tian H, Li X, Tian Y, et al. (2018) Flexible three-axial
tactile sensors with microstructure-enhanced piezoelectric effect and
specially-arranged piezoelectric arrays. Smart Materials and Structures
27(2): 025018.

34. Ho VA, Dao DV, Sugiyama S, Hirai S (2011) Development and Analysis
of a Sliding Tactile Soft Fingertip Embedded with a Microforce/Moment
Sensor. IEEE Transactions on Robotics 27(3): 411-424.

35. Ibrahim A, Pinna L, Valle M (2018) Experimental characterization of
dedicated front-end electronics for piezoelectric tactile sensing arrays.
Integration 63: 266-272.

36. Ji Z, Zhu H, Liu H, Liu N, Chen T, Yang Z, Sun L (2016) The Design and
Characterization of a Flexible Tactile Sensing Array for Robot Skin.
Sensors 16(12): 2001.
37. Jung Y, Lee DG, Park J, Ko H, Lim H (2015) Piezoresistive Tactile Sensor
Discriminating Multidirectional Forces. Sensors 15(10): 25463-25473.

38. Kanda K, Takahara K, Toyama S, Fujita T, Maenaka K (2018) Piezoelectric
MEMS with tactile stimulation and displacement sensing functions.
Japanese Journal of Applied Physics 57(11S): 11UF14.
39. Lucarotti C, Oddo C, Vitiello N, Carrozza M (2013) Synthetic and BioArtificial Tactile Sensing: A Review. Sensors 13(2): 1435-1466.

40. Massaro A, Spano F, Lay-Ekuakille A, Cazzato P, Cingolani R, et al.
(2011) Design and Characterization of a Nanocomposite Pressure
Sensor Implemented in a Tactile Robotic System. IEEE Transactions on
Instrumentation and Measurement 60(8): 2967-2975.

41. Mielonen K, Jiang Y, Voyer J, Diem A, Hillman L, et al. (2019) Sliding
friction of hierarchically micro–micro textured polymer surfaces on ice.
Cold Regions Science and Technology 163: 8-18.

42. Romeo RA, Oddo CM, Carrozza MC, Guglielmelli E, Zollo L (2017)
Slippage Detection with Piezoresistive Tactile Sensors. Sensors 17(8):
1844.
43. Seminara L, Capurro M, Cirillo P, Cannata G, Valle M (2011)
Electromechanical characterization of piezoelectric PVDF polymer films
for tactile sensors in robotics applications. Sensors and Actuators A:
Physical 169(1): 49–58.
44. Shin K (2017) The study of sensor structure to perceive a surface texture
for psychological tactile sensor. 59.
45. Strese M, Lee JY, Schuwerk C, Han Q, Kim HG, Steinbach E (2014) A
haptic texture database for tool-mediated texture recognition and
classification. IEEE International Symposium on Haptic, Audio and
Visual Environments and Games (HAVE) Proceedings: 118-123.
46. Suzuki M, Takahashi T, Aoyagi S (2012) Flexible Tactile Sensor Using
Polyurethane Thin Film. Micromachines 3(2): 315-324.

Citation: Tarkan AYDIN, Beste AYDIN, Mehmet Kemal AKIN. Different Pattern Designs with Printing Method on Classic Worsted
Wool Fabrics. J Textile Sci & Fashion Tech 9(3): 2022. JTSFT.MS.ID.000714. DOI: 10.33552/JTSFT.2022.09.000714.

Page 7 of 10

Journal of Textile Science & Fashion Technology

47. Tang W, Chen N, Zhang J, Chen S, Ge S, et al. (2015) Characterization
of Tactile Perception and Optimal Exploration Movement. Tribology
Letters 58(2).
48. Tseng WY, Fisher JS, Prieto JL, Rinaldi K, Alapati G, et al. (2009) A slowadapting microfluidic-based tactile sensor. Journal of Micromechanics
and Microengineering 19(8): 085002.

49. Wang Y, Wu X, Mei D, Zhu L, Chen J (2019) Flexible tactile sensor array for
distributed tactile sensing and slip detection in robotic hand grasping.
Sensors and Actuators A: Physical 297: 111512.
50. Wettels N, Loeb GE (2011) Haptic feature extraction from a biomimetic
tactile sensor: Force, contact location and curvature. IEEE International
Conference on Robotics and Biomimetics: 2471-2478.

51. Yan C, Ferraris E, Geernaert T, Berghmans F, Reynaerts D (2012)
Characterisation of Tactile Sensors Based on Fibre Bragg Gratings
Towards Temperature Independent Pressure Sensing. Procedia
Engineering 47: 1402-1405.
52. Yi Z, Zhang Y, Peters J (2017) Bioinspired tactile sensor for surface
roughness discrimination. Sensors and Actuators A: Physical, 255: 4653.
53. Zhengkun Y, Yilei Z (2017) Recognizing tactile surface roughness with a
biomimetic fingertip: A soft neuromorphic approach. Neurocomputing
244: 102-111.

54. Yu J, Hou X, Cui M, Zhang S, He J, et al. (2019) Highly skin-conformal
wearable tactile sensor based on piezoelectric-enhanced triboelectric
nanogenerator. Nano Energy 64: 103923.
55. Tiwana MI, Redmond SJ, Lovell NH (2012) A review of tactile sensing
technologies with applications in biomedical engineering. Sensors and
Actuators A: Physical 179: 17-31.

56. Alves de Oliveira T, Cretu AM, Petriu E (2017) Multimodal Bio-Inspired
Tactile Sensing Module for Surface Characterization. Sensors 17(6):
1187.
57. Mukaibo Y, Shirado H, Konyo M, Maeno T (2005) Development of
a Texture Sensor Emulating the Tissue Structure and Perceptual
Mechanism of Human Fingers. Proceedings of the IEEE International
Conference on Robotics and Automation.

58. Kim S, Engel J, Liu C, Jones DL (2005) Texture classification using a
polymer-based MEMS tactile sensor. Journal of Micromechanics and
Microengineering 15(5): 912-920.

59. Pasquero J, Hayword V (2003) A practical tactile display system with
one millimeter spatial resolution and 700 Hz refresh rate. Proceedings
of Eurohapt: 94-110.
60. Smith AM, Basile G, Theriault-Groom J, Fortier-Poisson P, Campion G, et
al. (2009) Roughness of simulated surfaces examined with a haptic tool:
effects of spatial period, friction, and resistance amplitude. Exp Brain
Res 202(1): 33-43.
61. Song A, Han Y, Hu H, Li J (2014) A Novel Texture Sensor for Fabric Texture
Measurement and Classification. IEEE Transactions on Instrumentation
and Measurement 63(7): 1739-1747.

Volume 9-Issue 3

66. Kawabata S, Niwa M (2017). Objective measurement of fabric hand. In
Modern textile characterization methods, CRC Press, pp. 329-354.

67. Sonar HA, Paik J (2016) Soft Pneumatic Actuator Skin with Piezoelectric
Sensors for Vibrotactile Feedback. Frontiers in Robotics and AI: 2.
68. Hasegawa K, Shinoda H (2018) Aerial Vibrotactile Display Based on
Multiunit Ultrasound Phased Array. IEEE Transactions on Haptics 11(3):
367-377.
69. Magnenat-Thalmann N, Volino P, Bonanni U, Summers IR, Bergamasco M,
et al. (2007) From Physics-based Simulation to the Touching of Textiles:
The HAPTEX Project. Int J Virtual Real 6(3): 35-44.
70. Tanaka Y, Horita Y, Sano A, Fujimoto H (2011) Tactile sensing utilizing
human tactile perception. IEEE World Haptics Conference.

71. Bateman A, Zhao OK, Bajcsy AV, Jennings MC, Toth BN, et al. (2018) A
user-centered design and analysis of an electrostatic haptic touchscreen
system for students with visual impairments. International Journal of
Human-Computer Studies 109: 102-111.
72. Wang T, Sun X (2014) Electrostatic tactile rendering of image based on
shape from shading. International Conference on Audio, Language and
Image Processing: 775-779.

73. Ilkhani G, Samur E (2018) Creating multi-touch haptic feedback on an
electrostatic tactile display. IEEE Haptics Symposium (HAPTICS): 163168.
74. Jiao J, Zhang Y, Wang D, Visell Y, Cao D, et al. (2018). Data-driven
rendering of fabric textures on electrostatic tactile displays. IEEE
Haptics Symposium (HAPTICS): 169-174.

75. Meyer DJ, Peshkin MA, Colgate JE (2013) Fingertip friction modulation
due to electrostatic attraction. World Haptics Conference (WHC): 43-48.
76. Giraud F, Amberg M, Lemaire-Semail B (2013). Merging two tactile
stimulation principles: Electrovibration and squeeze film effect. World
Haptics Conference (WHC): 199-203.
77. Vardar Y, Guclu B, Basdoga, C (2017) Effect of Waveform on Tactile
Perception by Electrovibration Displayed on Touch Screens. IEEE
Transactions on Haptics 10(4): 488-499.

78. Liu G, Sun X, Wang D, Liu Y, Zhang Y (2018). Effect of Electrostatic Tactile
Feedback on Accuracy and Efficiency of Pan Gestures on Touch Screens.
IEEE Transactions on Haptics 11(1): 51-60.

79. Zhang K, Gonzalez EJ, Guo J, Follmer S (2019) Design and Analysis of HighResolution Electrostatic Adhesive Brakes Towards Static Refreshable
2.5D Tactile Shape Display. IEEE Transactions on Haptics 1: 1.
80. Ju WE, Moon YJ, Park CH, Choi ST (2014) A flexible tactile-feedback
touch screen using transparent ferroelectric polymer film vibrators.
Smart Materials and Structures 23(7): 074004.
81. Kato K, Ishizuka H, Kajimoto H, Miyashita H (2018). Double-sided
Printed Tactile Display with Electro Stimuli and Electrostatic Forces
and its Assessment. Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems - CHI 18: 1-12.

62. Hu H, Han Y, Song A, Chen S, Wang C, Wang Z (2014) A Finger-Shaped
Tactile Sensor for Fabric Surfaces Evaluation by 2-Dimensional Active
Sliding Touch. Sensors 14(3): 4899-4913.

82. Zhang Y, Harrison C (2015) Quantifying the Targeting Performance
Benefit of Electrostatic Haptic Feedback on Touchscreens. Proceedings
of the International Conference on Interactive Tabletops & Surfaces – ITS
15: 43–46.

64. Silvestre-Blanes J, Berenguer-Sebastiá J, Pérez-Lloréns R, Miralles I,
Moreno J (2011). Garment smoothness appearance evaluation through
computer vision. Textile Research Journal 82(3): 299-309.

84. Radivojevic Z, Beecher P, Bower C, Cotton D, Haque S, et al. (2012)
Programmable Electrostatic Surface for Tactile Perceptions. SID
Symposium Digest of Technical Papers 43(1): 407-410.

63. Wang X, Georganas ND, Petriu EM (2011) Fabric Texture Analysis Using
Computer Vision Techniques. IEEE Transactions on Instrumentation
and Measurement 60(1): 44-56.

65. Barker RL (2002) From fabric hand to thermal comfort: the evolving role
of objective measurements in explaining human comfort response to
textiles. International journal of clothing science and technology 14(3/):
181-200.

83. Haga H, Yoshinaga K, Yanase J, Sugimoto D, Takatori K, et al. (2015)
Electrostatic Tactile Display Using Beat Phenomenon for Stimulus
Localization. IEICE Transactions on Electronics E98 C(11): 1008-1014.

85. Kurita K, Fujii Y, Shimada K (2011) A new technique for touch sensing
based on measurement of current generated by electrostatic induction.
Sensors and Actuators A: Physical 170(1-2): 66-71.

Citation: Tarkan AYDIN, Beste AYDIN, Mehmet Kemal AKIN. Different Pattern Designs with Printing Method on Classic Worsted
Wool Fabrics. J Textile Sci & Fashion Tech 9(3): 2022. JTSFT.MS.ID.000714. DOI: 10.33552/JTSFT.2022.09.000714.

Page 8 of 10

Journal of Textile Science & Fashion Technology

86. Matysek M, Lotz P, Winterstein T, Schlaak HF (2009) Dielectric
elastomer actuators for tactile displays. World Haptics 2009- Third Joint
EuroHaptics Conference and Symposium on Haptic Interfaces for Virtual
Environment and Teleoperator Systems: 290-295.

87. Nakamura T, Yamamoto A (2013) Multi-finger electrostatic passive
haptic feedback on a visual display. World Haptics Conference (WHC):
37-42.
88. Kwon J, Choi S, Lim S (2010) US Patent No. US8970513B2. Washington,
DC: U.S. Patent and Trademark Office.

89. Wang T, Farajollahi M, Choi YS, Lin I, Marshall JE, et al. (2016)
Electroactive polymers for sensing. Interface Focus 6(4): 20160026.
90. Wang YR, Zheng JM, Ren GY, Zhang PH, Xu C (2011) A flexible
piezoelectric force sensor based on PVDF fabrics. Smart Materials and
Structures 20(4): 045009.

91. Sorgini F, Mazzoni A, Massari L, Caliò R, Galassi C, et al. (2017)
Encapsulation of Piezoelectric Transducers for Sensory Augmentation
and Substitution with Wearable Haptic Devices. Micromachines 8(9):
270.
92. Xing J, Li H, Liu D (2019) Anisotropic Vibration Tactile Model and
Human Factor Analysis for a Piezoelectric Tactile Feedback Device.
Micromachines 10(7): 448.

93. Yang C, Liu S, Xie X, Livermore C (2016) Compact, planar, translational
piezoelectric bimorph actuator with Archimedes’ spiral actuating
tethers. Journal of Micromechanics and Microengineering 26(12):
124005.
94. Hofmann V, Twiefel J (2015) Optimization of a Piezoelectric Bending
Actuator for a Tactile Virtual Reality Display: 9.

95. Xie X, Zaitsev Y, Velásquez-García LF, Teller S, Livermore C (2014)
COMPACT, SCALABLE, HIGH-RESOLUTION, MEMS-ENABLED TACTILE
DISPLAYS. Solid-State, Actuators, and Microsystems Workshop Technical
Digest 127-130.
96. Mastronardi VM, Ceseracciu L, Guido F, Rizzi F, Athanassiou A, et al.
(2015) Low stiffness tactile transducers based on AlN thin film and
polyimide. Applied Physics Letters 106(16): 162901.

97. Nadal C, Giraud-Audine C, Giraud F, Amberg M, Lemaire-Semail B (2017)
Modelling of a beam excited by piezoelectric actuators in view of tactile
applications. Mathematics and Computers in Simulation 131: 295-315.
98. Song K, Kim SH, Jin S, Kim S, Lee S, et al. (2019) Pneumatic actuator
and flexible piezoelectric sensor for soft virtual reality glove system.
Scientific Reports 9(1).
99. Xie X, Zaitsev Y, Velásquez-García LF, Teller SJ, Livermore C (2014)
Scalable, MEMS-enabled, vibrational tactile actuators for high resolution
tactile displays. Journal of Micromechanics and Microengineering
24(12): 125014.
100. Yun GY, Kim J, Kim JH, Kim SY (2010) Fabrication and testing of cellulose
EAPap actuators for haptic application. Sensors and Actuators A:
Physical 164(1-2): 68-73.

101. Shafik M, Mills B (2013) An Innovative Micro Actuator Using Electro
Rheological Fluid Technology for Visually Impaired Tactile Display
Information Technology Access Applications. Volume 11: Emerging
Technologies. Presented at the ASME International Mechanical
Engineering Congress and Exposition, San Diego, California, USA.
102. Goto M, Takemura K (2013) Tactile bump display using electrorheological fluid. IEEE/RSJ International Conference on Intelligent
Robots and Systems: 4478-4483.

103. Han YM, Oh JS, Kim JK, Choi SB (2014) Design and experimental
evaluation of a tactile display featuring magnetorheological fluids.
Smart Materials and Structures 23(7): 077001.
104. Yang TH, Koo JH (2017) Experimental evaluation of a miniature MR
device for a wide range of human perceivable haptic sensations. Smart
Materials and Structures 26(12): 125006.

105. Cha SW, Kang SR, Hwang YH, Oh JS, Choi SB (2018) A controllable
tactile device for human-like tissue realization using smart magneto-

Volume 9-Issue 3

rheological fluids: Fabrication and modeling. Smart Materials and
Structures 27(6): 065015.

106. Oh JS, Kim JK, Lee SR, Choi SB, Song BK (2013) Design of tactile device
for medical application using magnetorheological fluid. Journal of
Physics: Conference Series 412: 012047.
107. Ishizuka H, Lorenzoni N, Miki N (2014). Characterization of tactile
display for stiffness distribution using Magneto-rheological fluid.
International Conference on Electronics Packaging (ICEP): 400-404.

108. Do PX, Thang LTH (2019) Design and analysis of a new tactile device
featuring Magneto- Rheological fluid in control force of robotic surgery.
Science and Technology Development Journal 22(2): 264-274.

109. Lee CH, Jang MG (2011) Virtual Surface Characteristics of a Tactile
Display Using Magneto- Rheological Fluids. Sensors 11(3): 2845-2856.
110. Yanatori H, Mineta T, Takeuchi S, Abe K (2016) A shape memory alloy
thick film actuator array for narrow pitched planar tactile display
device. IEEE 11th Annual International Conference on Nano/Micro
Engineered and Molecular Systems (NEMS).

111. Sawada H (2017) Micro-vibration actuators driven by shape-memory
alloy wires and its application to tactile displays. 2017 International
Symposium on Micro-NanoMechatronics and Human Science (MHS).
112. Fukuyama K, Takahashi N, Zhao F, Sawada H (2009) Tactile display
using the vibration of SMA wires and the evaluation of perceived
sensations. 2nd Conference on Human System Interactions: 685-690.

113. Hafiz M, Sawada H (2011) Presentation of button repulsive sensations
on touch screen using SMA wires. IEEE International Conference on
Mechatronics and Automation: 1-6.
114. Jairakrean S, Chanthasopeephan T (2019) Position control of SMA
actuator for 3D tactile display. IEEE International Conference on
Rehabilitation Robotics: 234-239.
115. Jiang C, Uchida K, Sawada H (n.d.) Development of vision based tactile
display system using shape memory alloys. 6.

116. Mansour NA, El-Bab AM, Abdellatif M (2012) Design of a novel multimodal tactile display device for biomedical applications. 4th IEEE
RAS & EMBS International Conference on Biomedical Robotics and
Biomechatronics (BioRob): 183-188.

117. Mansour NA, Fath El-Bab AMR, Assal SFM, Tabata O (2015) Design,
characterization and control of SMA springs-based multi-modal tactile
display device for biomedical applications. Mechatronics 31: 255-263.
118. Matsunaga T, Totsu K, Esashi M, Haga Y (2013) Tactile display
using shape memory alloy micro-coil actuator and magnetic latch
mechanism. Displays 34(2): 89-94.

119. Mineta T, Yanatori H, Hiyoshi K, Tsuji K, Ono Y, et al. (2017) Tactile
display MEMS device with SU8 micro-pin and spring on SMA film
actuator array. 19th International Conference on Solid- State Sensors,
Actuators and Microsystems (TRANSDUCERS): 2031-2034.
120. Solazzi M, Provancher WR, Frisoli A, Bergamasco M (2011) Design
of a SMA actuated 2-DoF tactile device for displaying tangential skin
displacement. IEEE World Haptics Conference: 31-36.

121. Takeda Y, Sawada H (2013) Tactile actuators using SMA micro-wires
and the generation of texture sensation from images. IEEE/RSJ
International Conference on Intelligent Robots and Systems: 20172022.
122. Yan S, Yang T, Liu X, Wang R (2012) Tactile feedback control for a
gripper driven by SMA springs. AIP Advances 2(3): 032134.

123. Gubenko MM, Morozov AV, Lyubicheva AN, Goryacheva IG, Dosaev
MZ, et al. (2017) Video-tactile pneumatic sensor for soft tissue elastic
modulus estimation. BioMedical Engineering OnLine 16(1).
124. Yoo J, Yun S, Lim S, Park J, Yun K, et al. (2015) Position controlled
pneumatic tactile display for tangential stimulation of a finger pad.
Sensors and Actuators A: Physical 229: 15-22.

125. Na K, Han JS, Roh DM, Chae BK, Yoon ES, et al. (2012) Flexible latchingtype tactile display system actuated by combination of electromagnetic
and pneumatic forces. IEEE 25th International Conference on Micro
Electro Mechanical Systems (MEMS): 1149-1152.

Citation: Tarkan AYDIN, Beste AYDIN, Mehmet Kemal AKIN. Different Pattern Designs with Printing Method on Classic Worsted
Wool Fabrics. J Textile Sci & Fashion Tech 9(3): 2022. JTSFT.MS.ID.000714. DOI: 10.33552/JTSFT.2022.09.000714.

Page 9 of 10

Journal of Textile Science & Fashion Technology

126. Fukuda T, Tanaka Y, Kappers AML, Fujiwara M, Sano A (2018) A
Pneumatic Tactile Ring for Instantaneous Sensory Feedback in
Laparoscopic Tumor Localization. IEEE Transactions on Haptics
11(4): 485-497.

127. Doh E, Lee H, Park J, Yun KS (2011) Three-axis tactile display using
PDMS pneumatic actuator for robot-assisted surgery. 16th International
Solid-State Sensors, Actuators and Microsystems Conference: 24182421.

128. Franco ML, King CH, Culjat MO, Lewis CE, Bisley JW, et al. (2009) An
integrated pneumatic tactile feedback actuator array for robotic
surgery. The International Journal of Medical Robotics and Computer
Assisted Surgery 5(1): 13-19.
129. Li M, Luo S, Nanayakkara T, Seneviratne LD, Dasgupta P, et al. (2014)
Multi-fingered haptic palpation using pneumatic feedback actuators.
Sensors and Actuators A: Physical 218: 132-141.
130. Premarathna CP, Chathuranga DS, Lalitharatne TD (2017) Fabrication
of a soft tactile display based on pneumatic balloon actuators and
voice coils: Evaluation of force and vibration sensations. IEEE/SICE
International Symposium on System Integration (SII): 763–768.

Volume 9-Issue 3

131. Russomanno A, Gillespie RB, O’Modhrain S, Burns M (2015) The
design of pressure-controlled valves for a refreshable tactile display.
IEEE World Haptics Conference (WHC): 177-182.
132. Yun S, Yoo J, Lim S, Park J, Lee HK, et al. (2016) Three-axis pneumatic
tactile display with integrated capacitive sensors for feedback control.
Microsystem Technologies 22(2): 275-282.
133. Hoshi T, Shinoda H (2016) Airborne Ultrasound Tactile Display.
Pervasive Haptics: 121-138.

134. Iwamoto T, Tatezono M, Shinoda H (2008) Non-contact Method for
Producing Tactile Sensation Using Airborne Ultrasound. Haptics:
Perception, Devices and Scenarios Lecture Notes in Computer Science:
504-513.
135. Korres G, Eid M (2016) Characterization of Ultrasound Tactile Display.
In Bello F, Kajimoto H, Haptics: Perception, Devices, Control and
Applications. Visell Y (edts.), Springer International Publishing, pp.
78-89.

Citation: Tarkan AYDIN, Beste AYDIN, Mehmet Kemal AKIN. Different Pattern Designs with Printing Method on Classic Worsted
Wool Fabrics. J Textile Sci & Fashion Tech 9(3): 2022. JTSFT.MS.ID.000714. DOI: 10.33552/JTSFT.2022.09.000714.

Page 10 of 10

