
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

34
6 

37
0

A
1

TEPZZ¥¥46¥7ZA_T
(11) EP 3 346 370 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
11.07.2018 Bulletin 2018/28

(21) Application number: 17203465.4

(22) Date of filing: 24.11.2017

(51) Int Cl.:
G06F 3/01 (2006.01) G06F 1/16 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 05.01.2017 US 201715398856

(71) Applicant: Immersion Corporation
San Jose, CA 95134 (US)

(72) Inventors:  
• KHOSHKAVA, Vahid

Montreal, Québec H2X 3R4 (CA)
• MAALOUF, Johnny

Laval, Québec H7X 2P8 (CA)

(74) Representative: Hofstetter, Schurack & Partner
Patent- und Rechtsanwaltskanzlei 
PartG mbB 
Balanstrasse 57
81541 München (DE)

(54) ADJUSTABLE HAPTIC WEARABLES

(57) This disclosure relates to wearable articles, in-
cluding wearable suits, etc., for providing haptic feedback
to a user. The wearable articles suitably include adjust-
able interaction elements that can be fluidly connected

to a liquid or gas supply, and can also include a haptic
actuator. The wearable articles are useful in combination
with various devices, including gaming systems
and virtual or augmented reality systems.
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Description

Technical Field

[0001] This disclosure relates to wearable articles, in-
cluding wearable suits, etc., for providing haptic feedback
to a user. The wearable articles suitably include adjust-
able interaction elements that can be fluidly connected
to a liquid or gas supply, and can also include a haptic
actuator. The wearable articles are useful in combination
with various devices, including gaming systems and vir-
tual or augmented reality systems.

Background

[0002] Haptic feedback for use in wearables has tra-
ditionally been based on the use of eccentric rotating
mass (ERM) motors and linear resonant actuators (LRA).
However, these types of actuators are typically bulky and
often require large amounts of power, making them dif-
ficult to integrate into clothing or other wearables or ac-
cessories (i.e., jewelry, etc.). Shape memory alloys have
also been used in wearables, but again, power consump-
tion often limits their applicability and ease of integration.
In addition, a "one-size fits all" approach to wearables for
use in gaming and augmented or virtual reality is often
not optimal, particularly as users desire a more life-like
interaction and a more contoured or personalized fit.
[0003] What is needed are wearables that can be tai-
lored to a specific user so as to provide both a custom fit
as well as a mechanism for providing direct, haptic feed-
back.

Summary

[0004] This disclosure relates to wearables for provid-
ing haptic feedback to a user. The wearable articles in-
clude an adjustable interaction element that can be ad-
justed to provide a custom fit to a user, as well as haptic
actuators that can provide haptic feedback to the user.
[0005] In exemplary embodiments, provided herein is
a wearable article for providing haptic feedback, which
includes a structural material, an adjustable interaction
element associated with the structural material, and a
haptic actuator associated with the adjustable interaction
element.
[0006] Also provided herein is a wearable article for
providing haptic feedback, comprising a textile, an ad-
justable interaction element composed of a deformable
material that can encapsulate a liquid or a gas associated
with the textile, and fluidly connected to a liquid or gas
supply, wherein the adjustable interaction element ex-
pands or contracts to provide a comfortable user fit and/or
to provide haptic feedback to a user, and a haptic actuator
associated with the adjustable interaction element.

Brief Description of the Drawings

[0007] The foregoing and other features and aspects
of the present technology can be better understood from
the following description of embodiments and as illustrat-
ed in the accompanying drawings. The accompanying
drawings, which are incorporated herein and form a part
of the specification, further serve to illustrate the princi-
ples of the present technology. The components in the
drawings are not necessarily to scale.

FIG. 1A shows a wearable article for providing haptic
feedback to a user in accordance with an embodi-
ment hereof.
FIG. 1B shows a detailed view of a wearable article
for providing haptic feedback in accordance with an
embodiment hereof.
FIGS. 2A-2C show adjustable interaction elements
in accordance with embodiments hereof.
FIGS. 3A-3F show alternative adjustable interaction
elements including haptic actuators in accordance
with embodiments hereof.
FIGS. 4A-4B show additional adjustable interaction
elements including a haptic actuator in accordance
with embodiments hereof.

Detailed Description

[0008] Various embodiments will be described in de-
tail, some with reference to the drawings. Reference to
various embodiments does not limit the scope of the
claims attached hereto. Additionally, any embodiments
set forth in this specification are not intended to be limiting
and merely set forth some of the many possible embod-
iments for the appended claims.
[0009] Whenever appropriate, terms used in the sin-
gular also will include the plural and vice versa. The use
of "a" herein means "one or more" unless stated other-
wise or where the use of "one or more" is clearly inap-
propriate. The use of "or" means "and/or" unless stated
otherwise. The use of "comprise," "comprises," "compris-
ing," "include," "includes," "including," "has," and "hav-
ing" are interchangeable and not intended to be limiting.
The term "such as" also is not intended to be limiting. For
example, the term "including" shall mean "including, but
not limited to."
[0010] In embodiments, provided herein is a wearable
article for providing haptic feedback. As used herein
"wearable article" refers to an article that can be worn by
a user, and includes for example, various articles of cloth-
ing such as, a shirt, a blouse, pants, shoes, hats, gloves,
a suit, including a full body suit that covers some or all
of a user from head to toe, etc. For example, as shown
in FIG. 1A, a wearable article 100 can include portions
that cover a head 102, a trunk 104 and legs 106 of a user
110. The dotted lines in FIG. 1A are shown to simply
denote different sections of a user’s body. The wearable
articles can also include commonly used zippers, snaps,
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buckles, buttons, Velcro, other attachments, etc., to se-
cure the wearable article to the user.
[0011] As used herein "haptic feedback" or "haptic
feedback signal" refer to information such as vibration,
texture, and/or heat, etc., that are transferred, via the
sense of touch, from the wearable articles as described
herein, to a user.
[0012] FIG. 1B shows wearable article 100 in the form
of a shirt. As shown, in embodiments, wearable article
100 includes a structural material 130, an adjustable in-
teraction element 120 associated with structural material
130, and a haptic actuator 140 associated with the ad-
justable interaction element. Only one haptic actuator
140 associated with one adjustable interaction element
120 is shown, but as described herein, each adjustable
interaction element 120 can include an associated haptic
actuator 140, or multiple haptic actuators.
[0013] As used herein, "structural material" means a
material used in constructing a wearable, personal ac-
cessory, luggage, etc. Examples of structural materials
include: fabrics and textiles, such as cotton, silk, wool,
nylon, rayon, synthetics, flannel, linen, polyester, woven
or blends of such fabrics, etc.; leather; suede; pliable
metallic such as foil; Kevlar, etc. Examples of wearables
include: clothing; footwear; prosthetics such as artificial
limbs; headwear such as hats and helmets; athletic
equipment worn on the body; protective equipment such
as ballistic vests, helmets, and other body armor. Per-
sonal accessories include: eyeglasses; neckties and
scarfs; belts and suspenders; jewelry such as bracelets,
necklaces, and watches (including watch bands and
straps); and wallets, billfolds, luggage tags, etc. Luggage
includes: handbags, purses, travel bags, suitcases,
backpacks, and including handles for such articles, etc.
[0014] As used herein an "adjustable interaction ele-
ment" refers to a structure whose shape can be modified
or deformed so as to expand or contract, thereby adjust-
ing against the body of a user. As described herein, in
embodiments, the adjustable interaction elements in-
clude a deformable material that can encapsulate a liquid
or a gas. That is, the deformable material can create a
pocket, packet or other reservoir that can hold and main-
tain a liquid or a gas, while allowing expansion and con-
traction of the adjustable interaction element. Examples
of deformable materials include various polymers or rub-
bers, including for example, silicones, fluoropolymers,
natural rubbers and acrylic and urethane-based elastom-
ers. The mechanical properties of polymers and rubbers
can also be tuned via various curing techniques to create
the deformable material having the desired flexibility and
deformation characteristics.
[0015] Deformable material 120 will suitably have a
thickness on the order of about 1 mm to millimeters, e.g.,
about 1 mm to 5 mm, about 1 mm to 1 mm, about 1 mm
to 500 mm, or about 5 mm to about 500 mm, or about 10
mm to 500 mm, or about 1 mm to about 100 mm, though
thicker or thinner materials can also be utilized.
[0016] As shown in FIG. 1B, adjustable interaction el-

ement 120 is fluidly connected to a liquid or a gas supply
122, via for example, a tubing 124 or other conduit or
channel that can carry a liquid or gas from supply 122 to
the adjustable interaction elements. Thus, adjustable in-
teraction elements 120 act as sacks or bags capable of
inflation/deflation within the wearable article. In embod-
iments, the adjustable interaction elements can be sewn
or otherwise attached to structural material 130, or can
be enclosed within a pocket or internal structure of struc-
tural material 130, or otherwise associated or integrated
into structural material 130 such that a wearable article
is created that can be put on and removed easily by user
110.
[0017] Once user 110 puts on wearable article 100,
adjustable interaction element 120 can be expanded or
contracted to provide a comfortable fit against the body
of the user. This can occur over the user’s clothing or
directly against the skin of the user. FIG. 2A illustrates
adjustable interaction element 120, which includes a de-
formable material 202, associated with structural mate-
rial 130. As shown, structural material 130 is represented
as two sides of a textile, for example, but can be a con-
tinuous piece of material, or other structure. Upon intro-
duction of a liquid or a gas from supply 122, through tub-
ing 124 which provides a fluid connection, adjustable in-
teraction element 120 expands, thereby increasing in vol-
ume, as in FIG. 2B. This expansion can be used to create
a comfortable fit against the body of a user, securing the
wearable article against the user that allows the article
to move with a user, without sliding or moving out of po-
sition, or otherwise not making contact with a user’s body.
As shown in FIG. 2C, liquid or gas can be removed from
adjustable interaction element 120, via tubing 124 into
supply 122, which then deflates or reduces the volume
of the adjustable interaction element. This removal of liq-
uid or gas can allow for easy removal of a wearable article
by a user, or can be employed when additional space is
required or desired in the wearable article, such as when
being used by a user that is larger than the prior user, or
a different body shape, or if the user requires different
levels of expansion or contraction of adjustable interac-
tion element to provide a comfortable user fit. Thus, as
used herein, the term "comfortable user fit" or "comfort-
able fit" would be understood by a person of ordinary skill
in the art to mean a fit that is at least tight enough to allow
for a haptic effect to be provided via the wearable article,
as described herein.
[0018] Examples of liquids and gases that can be used
to expand and contract adjustable interaction element
120 include, but are not limited to, air, water, fluorocarbon
gas, nitrogen, inert gases such as neon, helium, argon,
liquid coolants, etc. Thus, supply 122 can be a closed
source of fluid or gas, such as a liquid reservoir holding
water or other liquid, or a gas reservoir, or the gas can
simply be drawn from ambient air around the user.
[0019] In additional embodiments, the expansion or
contraction of the adjustable interaction element, in re-
sponse to introduction or removal of fluid, can provide

3 4 



EP 3 346 370 A1

4

5

10

15

20

25

30

35

40

45

50

55

haptic feedback to the user. For example, inflating the
adjustable interaction element can produce pressure
against the body of a user, and if done rapidly, can pro-
duce a specific, focused sensation of pressure. Similarly,
a repeated rapid inflation and deflation can result in a
vibrational haptic feedback. Vibration can be on the order
of a few Hz to 10s of Hz to 100s of Hz from the rapid,
repeated inflation and deflation of the adjustable interac-
tion element.
[0020] In addition to tubing 124 and supply 122, ad-
justable interaction element 120 can be expanded or con-
tracted through the use of a pneumatic or hydraulic ac-
tuation system to move liquid or gas into and out of the
adjustable interaction element. In additional embodi-
ments, an ultrathin blower or fan, including for example
a dual piezoelectric jet, can be used to inflate and deflate
the adjustable interaction element by moving a gas, such
as air, into and out of the adjustable interaction element.
[0021] As shown in FIG. 1B and FIG. 2A, adjustable
interaction element 120 also suitably includes a haptic
actuator 140, associated with adjustable interaction ele-
ment. Haptic actuator 140 in FIGS. 1B and 2A is shown
for illustrative purposes only and does not imply location
or size of the haptic actuator, but simply to indicate that
the adjustable interaction element can include the haptic
actuator. "Association" of haptic actuator 140 with ad-
justable interaction element 120 indicates that the haptic
actuator is physically or mechanically connected to the
adjustable interaction element, or can include that the
haptic actuator is enclosed within or encapsulated by the
adjustable interaction element. Association of haptic ac-
tuator with adjustable interaction element 120 includes
use of various glues or adhesives, mechanical couplings,
such as staples, screws, etc., as well as integrated struc-
tures such as polymeric castings, coatings, etc.
[0022] Examples of haptic actuators include eccentric
rotating mass (ERM) motors and linear resonant actua-
tors (LRA). In additional embodiments, for example as
illustrated in FIG. 3A, a heating mechanism 302 can be
associated with adjustable interaction element 120 to act
as the haptic actuator. In such embodiments, heat 304
from heating mechanism 302 can cause a gas in adjust-
able interaction element 120 to expand, generating hap-
tic feedback to the user. In addition, heat 304 from heating
mechanism 302 can warm the body of a user to generate
haptic feedback in the form of a change in temperature.
Similarly, a cooling mechanism can also be used to cre-
ate a cooling effect for a user.
[0023] FIG. 3B shows an embodiment where a pneu-
matic or hydraulic actuation system 310 is used as the
haptic actuator. In such embodiments, the pneumatic or
hydraulic actuation system can move relative to a user’s
body to create increases and/or decreases in pressure
as adjustable interaction element 120 is moved away or
toward the user, including compressing against the body
of the user or contacting the user to provide pressure.
[0024] FIG. 3C shows a further embodiment, in which
deformable material 202 can be made of an electroactive

material, including for example, a dielectric polymer or
dielectric elastomer. As used herein, an "electroactive
material" refers to a material that exhibits a change in
shape or size when stimulated by an electric field (either
direct or alternating current). Exemplary electroactive
materials, as described herein, include electroactive pol-
ymers and piezoelectric materials. In embodiments, de-
formable material 202 includes an electroactive polymer,
which includes polymers such as, but not limited to, po-
ly(vinylidene fluoride), poly(pyrrole), poly(thiophene), po-
ly(aniline) and mixtures, co-polymers, and derivatives
thereof. Exemplary classes of electroactive polymers in-
clude dielectric and ionic polymers. A dielectric polymer
may be made to change shape in response to an elec-
trostatic force being generated between two electrodes
that then squeezes the polymer. Dielectric polymers are
capable of very high strains and are fundamentally a ca-
pacitor that changes its capacitance when a voltage is
applied by allowing the polymer to compress in thickness
and expand in area due to the electric field. An ionic pol-
ymer may undergo a change in shape or size due to
displacement of ions inside the polymer. In addition,
some ionic polymers require the presence of an aqueous
environment to maintain an ionic flow.
[0025] Methods of preparing electroactive polymers
are known in the art, and can suitably include dissolving
a desired polymer in a suitable solvent, and then casting
the polymer in the desired shape (i.e., pouch, pocket,
bubble, etc.). Alternatively, the polymer may be drawn,
or subjected to fiber spinning techniques, so as to be
prepared as a filament or fiber. Additional methods in-
clude melt mixing, in which the polymer is heated above
the softening/melting point, and then the polymer film is
processed using film processing (casting or blowing)
techniques. The electroactive polymers, if prepared as
relatively flat structures, can also be prepared by layering
various polymer sections or layers to create the final de-
sired structure. Electroactive polymers known as dielec-
tric elastomer can be fabricated using a material such as
a very high bond (VHB) acrylic foam tape, or a silicone
material, and then bi-stretching the material (depends on
the type of the base material), followed by the application
of an electrode to provide the electroactive properties to
the material
[0026] As shown in FIG. 3C, deformable material 202
is suitably placed between two electrodes, 322 and 324.
In addition, a further layer or encapsulating film made of
an insulator 326 can be placed around external electrode
322. The resulting smart material actuator 320 can de-
form in response to an applied electric field between the
two electrodes, resulting in motion or deformation of de-
formable material 202, providing haptic feedback to a
user. In addition, rapidly changing the electric field can
result in a vibrational haptic feedback to a user. Elec-
trodes 322 and 324 can be patterned on the surface of
the deformable material, or can be added as coatings,
layers, sputtered films, etc. Examples of materials for use
as electrodes herein include, for example, silver, gold, or
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other conductive metals or polymer (e.g., thin films of Au,
Al, Ag, Cr, poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS), etc.), organic electrodes such
as carbon nanotubes, carbon black and graphene. Fur-
ther, an electrode can be prepared from the base mate-
rial. For example, carbon black can be mixed with silicon
and then a thin layer of this conductive material can be
coated on both sides of a silicon membrane and then be
cured. Suitably, electrodes 322 and 324 will have a thick-
ness on the order of about 50 nm to millimeters, e.g.,
about 50 nm to 5 mm, about 50 nm to 1 mm, about 50
nm to 500 mm, about 100 nm to about 500 mm, about 1
mm to 500 mm, or about 5 mm to about 500 mm, or about
10 mm to 500 mm, or about 1 mm to about 100 mm, though
thicker or thinner materials can also be utilized, depend-
ing on the desired use and orientation of the electrodes.
[0027] In additional embodiments, as shown in FIG.
3D, a polymeric actuator 340 can be associated with ad-
justable interaction element 120. Polymeric actuator 340
can be an electroactive polymer or a piezoelectric poly-
mer. Examples of electroactive polymers as described
herein, include for example polymers such as, but not
limited to, poly(vinylidene fluoride), poly(pyrrole), po-
ly(thiophene), poly(aniline) and mixtures, co-polymers,
and derivatives thereof, as well as dielectric elastomers
such as those based on silicons or acrylics. In addition
to piezoelectric polymers, such as polyvinylidene difluo-
ride fibers, other piezoelectric materials such as barium
titanate, hydroxyapatite, apatite, lithium sulfate monohy-
drate, sodium potassium niobate, quartz, lead zirconium
titanate (PZT), tartaric acid, etc., can also be used. In
embodiments in which a piezoelectric material is used,
vibrations can be transferred to the user via the adjust-
able interaction element, in response to an electric field
applied to the piezoelectric material.
[0028] In still further embodiments, the inside of de-
formable material 202 can be coated with a conductive
material, including a conductive film or coating, to create
an electrostatic actuator 350, as shown in FIG. 3E. In
such embodiments, the adjustable interaction element
will act as the mechanism for providing haptic feedback,
suitably vibrating in response to the electrostatic force
that results from contact or close approach of the elec-
trostatic actuator to the user, providing an electrostatic
feedback. Electrostatic feedback can be in the form of a
short vibration or pulse, or an extended vibration to the
user. The frequency of the electrostatic feedback or in-
teraction can be on the order of about 1 Hz to about 1000
Hz, more suitably about 1 Hz to about 500 Hz, about 1
Hz to about 200 Hz, about 10 Hz to about 200 Hz, about
10 Hz to about 100 Hz, or about 10 Hz, about 20 Hz,
about 30 Hz, about 40 Hz, about 50 Hz, about 60 Hz,
about 70 Hz, about 80 Hz, about 90 Hz or about 100 Hz.
Haptic feedback can also be provided by the electrostatic
interaction if a user simply approaches, or is near, the
adjustable interaction element, signaling a close proxim-
ity to the adjustable interaction element or the electro-
static actuator, which may result in the electrostatic in-

teraction and the haptic feedback therefrom.
[0029] In still further embodiments, as shown in FIG.
3F, the haptic actuator for use with adjustable interaction
element 120 can be a motorized mechanism 360, includ-
ing for example, a belt, or a spring, which can be config-
ured around the adjustable interaction element, and act
to constrict and then relax the adjustable interaction el-
ement, causing it to contact a user to provide haptic feed-
back, and then withdraw the contact. Additional exam-
ples of motorized mechanism 360, include but are not
limited to, a vibrating mechanism, an eccentric rotating
mass (ERM) motor, a linear resonant actuator (LRA), a
C-2 tactor, a transducer, a piezoelectric actuator or mo-
tor, etc., and in such embodiments, motorized mecha-
nism 360 can be placed inside of adjustable interaction
element 120. As described herein, in embodiments the
motorized mechanism can be configured so as to create
a vibrational haptic feedback, that vibrates with a fre-
quency on the order of a few Hz to 10s of Hz to 100s of
Hz, e.g., up to 300-500Hz, if desired. Motorized mecha-
nism 360 can be placed either internally inside of adjust-
able interaction element 230, or placed externally, on the
outside of the adjustable interaction element, to provide
the haptic feedback. In embodiments where motorized
mechanism 360 is placed inside of adjustable interaction
element 120, the motorized mechanism can create
movement or vibration that transfers through the outer
surface of the adjustable interaction element, so that it
is perceived by the user.
[0030] In an additional embodiments, FIGS. 4A-4B
show an embodiment where an electromagnetic system
is employed as the haptic actuator for association with
the adjustable interaction element. In embodiments, as
shown in FIG. 4A, a coil 410, suitably a magnetic coil, is
associated with or attached to deformable material 202.
A magnet 412, is attached opposite the coil, so as to be
substantially diametrically opposed to each other. As
used herein, magnetic field of coil 410 and magnetic field
of magnet 412, refer to the direction of the magnetic field
lines from an electromagnetic coil (e.g., coil 410) and
from a magnet (e.g., magnet 412). Magnetic field F1 and
magnetic field F2 are substantially diametrically opposed
to each other, meaning that they oppose each other in
such a way that an angle between the direction of the
respective magnetic field lines is less than about 10 de-
grees. Producing a magnetic field with coil 410 will repel
and attract magnet 412, depending on the direction/po-
larity of the magnetic fields, resulting in an oscillation 414,
which can occur at various frequencies from Hz, to 10s
of Hz, to 100s of Hz, e.g., up to 300-500Hz, if desired.
[0031] Coil 410 is suitably an electromagnetic coil, for
example, a coil of a conductive fiber, such as a wire,
including for example a copper coil. Coil 410 can also be
an air coil, which refers to a winding of conductive mate-
rial around a non-magnetic center, including an air cent-
er. Electromagnetic coils are known in the art to refer to
electrical conductors made in the shape of a coil, spiral
or helix, which generate a magnetic field as the result of
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a current passing through the coil. Coil 410 can comprise
any suitable conductive material, and in embodiments,
comprises a wire of a conductive material. Examples of
conductive materials include metals (such as aluminum,
copper, gold and chromium), transparent conducting ox-
ides ("TCO," such as tin-doped indium oxide ("ITO") and
aluminum-doped zinc oxide ("AZO")), transparent car-
bon nanotubes (CNTs), transparent conducting poly-
mers (such as Poly(3,4-ethylenedioxythiophene) ("PE-
DOT"), Poly(3,4-ethylenedioxythiophene):poly(styrene
sulfonate) ("PEDOT:PSS") and Poly(4,4-dioctylcy-
clopentadithiophene)). Additionally, coil 410 can be
formed with conductive nanoparticles or nanowires that
can have any suitable nano-shapes or geometries (i.e.,
with size scales (diameters, lengths, widths) on the order
of 1-500 nm). Other embodiments of the coil can have a
scale other than a nano-scale. In embodiments, magnet
412 is suitably a permanent magnet having a set polarity.
Though in other embodiments, a second coil connected
to a power supply can be used to generate a magnetic
field as described herein, to act as magnet 412. Exem-
plary materials for magnet 412 include iron, nickel, cobalt,
alloys of rare earth metals, and naturally occurring min-
erals such as lodestone.
[0032] Additional types of haptic actuators include the
use of phase change materials or shape memory mate-
rials or polymers, which can be separate from deformable
material 202. In additional embodiments, deformable
material 202 can be made from a phase change material,
shape memory material or polymer. Phase change ma-
terials, including for example different waxes such as par-
affin wax, can increase in volume (on the order of 10%-
40%) when externally activated. Such as, for example,
heating a phase change material can cause it to soften
or melt, resulting in an increase in volume, thereby pro-
viding motion and haptic feedback to a user.
[0033] Additional embodiments can utilize a smart hy-
drogel, which can change volume and shape in response
to changes in different external factors, as the haptic ac-
tuator. In further embodiments, the deformable material
can include a smart hydrogel. As used herein, "hydrogel"
refers to a network of cross-linked hydrophilic polymers
capable of absorbing and releasing large amounts of wa-
ter while maintaining their structural integrity. Hydrogels
exhibit the ability to change shape in response to external
stimuli such as salinity, buffer conditions or components,
pH, temperature, light, as well as an electric field. Exem-
plary hydrogels include for example, polyelectrolytes
such as sodium polyacrylate (pNaAc), such as is dis-
closed in Palleau et al., "Reversible patterning and actu-
ation of hydrogels by electrically assisted ionoprinting,"
Nature Communications 4:2257 (2013), the disclosure
of which is incorporated by reference herein in its entirety,
including for the disclosure therein of hydrogels and
methods of preparing such.
[0034] In additional embodiments, the haptic actuators
for use herein can include a shape memory polymer.
Shape memory polymers (SMP) allows for programing

of a polymer providing it with the ability to change shape
from a first to a second shape. The shape-memory effect
is not an intrinsic property, meaning that polymers do not
display this effect by themselves. Shape memory results
from a combination of polymer morphology and specific
processing and can be understood as a polymer func-
tionalization. By conventional processing, e.g. extruding
or injection molding, the polymer is formed into its initial,
permanent shape B. Afterwards, in a process called pro-
gramming, the polymer sample is deformed and fixed
into the temporary shape A. Upon application of an ex-
ternal stimulus (e.g., heat, electric field or pressure), the
polymer recovers its initial permanent shape B. This cycle
of programming and recovery can be repeated several
times, with different temporary shapes in subsequent cy-
cles. Shape-memory polymers can be elastic polymer
networks that are equipped with suitable stimuli-sensitive
switches. The polymer network consists of molecular
switches and net points. The net points determine the
permanent shape of the polymer network and can be a
chemical (covalent bonds) or physical (intermolecular in-
teractions) nature. Physical cross-linking is obtained in
a polymer whose morphology consists of at least two
segregated domains, as found for example in block co-
polymers. Additional information and examples of SMPs
can be found in Shape Memory Polymers, MaterialsTo-
day, Vol. 10, pages 20-28 (April 2007), the disclosure of
which is incorporated by reference herein in its entirety.
[0035] Transformation of SMPs from one or a first con-
figuration to another or a second configuration is suitably
controlled by controlling the temperature of the SMP in
relation to its glass transition temperature (Tg). Raising
the temperature of the SMP by heating it above its Tg,
will cause the SMP actuator to transition to its second
(memorized or original) configuration, resulting in activa-
tion or actuation of the multi-stable material and moving
or transforming from a first stable configuration to a sec-
ond stable configuration, and suitably to a third (and
fourth, fifth etc., if desired) stable configuration. Exem-
plary shape memory polymers include various block co-
polymers, such as various poly(urethanes), poly(iso-
prene) and poly(ether esters), which have been pro-
grammed to have the required shape memory charac-
teristics.
[0036] In additional embodiments, the haptic actuators
for use in combination with the adjustable interaction el-
ements can include combinations of the various actua-
tors described herein. For example, a piezoelectric ac-
tuator can be combined with a pneumatic or other me-
chanical actuator, resulting in actuation that provides
both vibrational and deformational haptic feedback. Ad-
ditional combinations include, mechanical actuators in
combination with electromagnetic actuation, a thermal
actuator can be combined with a piezoelectric actuator,
an electromagnetic actuator can be combined with a
smart material actuator, etc., to provide different combi-
nations of haptic feedback.
[0037] As shown in FIG. 1B, suitably wearable article
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100 includes a plurality of adjustable interaction elements
120. As used herein, a "plurality" refers to more than 2
of an element or object, and in embodiments herein suit-
ably refers to 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80,
90, 100, etc., of an element, including adjustable inter-
action elements 120. The use of a plurality of adjustable
interaction elements 120 in wearable article 100 allows
for placement of the adjustable interaction elements in
different positions of the wearable article, such that they
can provide a comfortable fit for the user (e.g., in the
chest, stomach, legs, waist, etc.) and also provide haptic
feedback to desired areas of the body for use in gaming,
virtual reality, etc. In embodiments, each of the plurality
of adjustable interaction elements 120 will also include
actuators 140, as described herein. In further embodi-
ments, only select adjustable interaction elements 120
will include actuators 140, thus allowing some adjustable
interaction elements to function primarily to provide a
comfortable fit to a user, with others providing fit and/or
haptic feedback.
[0038] The shapes, sizes and locations of adjustable
interaction elements 120 shown in FIG. 1B are illustrative
only, and any suitable shape, size or location in wearable
article can be used. For example, adjustable interaction
elements 120 can be circular, square, rectangular, oval,
football shapes, spherical, irregular in shape, etc. The
size of adjustable interaction elements 120 can be on the
order of millimeters to centimeters to 10s of centimeters,
to 100s of centimeters in diameter, length, width, etc.
[0039] As described herein, as shown in FIG. 1B, in
embodiments a power source 108 can be electrically cou-
pled, i.e., connected to actuator 140, to provide the power
required to activate the actuator, e.g., to provide heat,
mechanical motion, electrostatic feedback, etc. Electrical
coupling includes both wireless and hard-wired connec-
tions. The amount of power provided by power source
108 is generally on the order of about 0.1 Watts (W) to
about 10 W, or more suitably about 0.5 W to about 5 W,
or about 1 W to about 5 W, or about 0.5 W, about 1 W,
about 2 W, about 3 W, about 4 W or about 5 W. Exemplary
power sources 108 include various battery packs as well
as solar energy sources. Power source 108 can also in-
clude a re-chargeable system, for example, a system ca-
pable of recharging through the use of a piezoelectric
material, as described herein, providing a current to the
system.
[0040] As shown in FIG. 1B, an activating signal 150,
suitably from an external device or source, can be used
to activate haptic actuator 140. The activating signal can
also be used to expand or contract adjustable interaction
element 120, though suitably control of the expansion
and contraction to provide a comfortable user fit will be
controlled directly by the user from a controller located
on or near the wearable article.
[0041] Exemplary activating signals can be from a cel-
lular phone, tablet, computer, car interface, smart device,
game console, etc., and can indicate for example the
receipt of a text message or e-mail, phone call, appoint-

ment, etc. As described herein in greater detail, activating
signal 150 suitably originates from a gaming or virtual
reality system.
[0042] In further embodiments, a controller is also suit-
ably included to provide an interface between an external
device and the adjustable interaction elements and/or
haptic actuators described herein. Components of a con-
troller are well known in the art, and suitably include a
bus, a processor, an input/output (I/O) controller and a
memory, for example. A bus couples the various com-
ponents of controller, including the I/O controller and
memory, to the processor. The bus typically comprises
a control bus, address bus, and data bus. However, the
bus can be any bus or combination of busses suitable to
transfer data between components in the controller.
[0043] A processor can comprise any circuit config-
ured to process information and can include any suitable
analog or digital circuit. The processor can also include
a programmable circuit that executes instructions. Ex-
amples of programmable circuits include microproces-
sors, microcontrollers, application specific integrated cir-
cuits (ASICs), programmable gate arrays (PGAs), field
programmable gate arrays (FPGAs), or any other proc-
essor or hardware suitable for executing instructions. In
the various embodiments, the processor can comprise a
single unit, or a combination of two or more units, with
the units physically located in a single controller or in
separate devices.
[0044] An I/O controller comprises circuitry that moni-
tors the operation of the controller and peripheral or ex-
ternal devices. The I/O controller also manages data flow
between the controller and peripherals or external devic-
es. Examples of peripheral or external devices with the
which I/O controller can interface include switches, sen-
sors, external storage devices, monitors, input devices
such as keyboards, mice or pushbuttons, external com-
puting devices, mobile devices, and transmitters/receiv-
ers.
[0045] The memory can comprise volatile memory
such as random access memory (RAM), read only mem-
ory (ROM), electrically erasable programmable read only
memory (EEPROM), flash memory, magnetic memory,
optical memory or any other suitable memory technology.
Memory can also comprise a combination of volatile and
nonvolatile memory.
[0046] The memory is configured to store a number of
program modules for execution by the processor. The
modules can, for example, include an event detection
module, an effect determination module, and an effect
control module. Each program module is a collection of
data, routines, objects, calls and other instructions that
perform one or more particular task. Although certain pro-
gram modules are disclosed herein, the various instruc-
tions and tasks described for each module can, in various
embodiments, be performed by a single program module,
a different combination of modules, modules other than
those disclosed herein, or modules executed by remote
devices that are in communication with the controller.
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[0047] In embodiments described herein, the control-
ler, which can include a wireless transceiver (including a
Bluetooth or infrared transceiver), can be integrated into
structural material 130 or separate from the structural
material. In further embodiments, the controller can be
on a separate device from the structural material, but is
suitably connected via a wired or more suitably a wireless
signal, so as to provide activating signal 150 to the var-
ious components of the systems described herein.
[0048] For example, the controller can provide activat-
ing signal 150 to an actuator drive circuit, which in turn
communicates with power supply 108, of the haptic ac-
tuators described herein, so as to provide haptic feed-
back to a user. For example, desired haptic feedback
can occur, for example, when a mobile phone or other
device to which a controller is paired via wireless con-
nection receives a message or email. Additional exam-
ples include a controller being associated with devices
such as game controllers, systems or consoles, comput-
ers, tablets, car or truck interfaces or computers, auto-
mated payment machines or kiosks, various keypad de-
vices, televisions, various machinery, etc. In such em-
bodiments, the controller suitably provides activating sig-
nal 150 to an actuator drive circuit, to provide haptic feed-
back to a user in response to a signal originated by or
from an external device. The device can also be a part
of the wearable on which the various components of the
haptic feedback systems described herein are contained.
Exemplary feedback or signals that can be provided by
a device, include, for example, indications of incoming
messages or communication from a third party, warning
signals, gaming interaction, driver awareness signals,
computer prompts, etc.
[0049] As described herein, the wearable articles can
be implemented in various gaming systems and used
with, or as part of, a virtual reality or augmented reality
system. In such embodiments, the wearable article can
provide haptic feedback to a user as he or she interacts
with a virtual or augmented reality system, providing re-
sponses or feedback initiated by the virtual reality or aug-
mented reality components and devices. For example,
in a gaming or virtual reality system, a user can feel in-
teraction from a character in a game or gaming scenario
when he or she interacts with the character in physical
manner, or with the game components/scenery in gen-
eral (e.g., touching, hitting, kicking, tackling, falling, etc.),
or when there is interaction with a component of the game
(e.g., bullet, car accident, weapon, etc.). Other types of
interactions where haptic feedback can be utilized can
be readily envisioned by those of ordinary skill in the art.
[0050] Also provided herein are methods in which a
user places the wearable article described herein on the
user’s body and adjusts the adjustable interaction ele-
ment(s) by increasing or decreasing a fluid or gas flow
(e.g., air flow) into the adjustable interaction element to
expand or contract the adjustable interaction element.
This adjustment allows for and provides a comfortable
user fit that can be customized and personalized to the

size, body shape, and other desires of the user. The
wearable article is can then be interfaced or connected
to a gaming system, virtual reality system or augmented
reality system. Suitably, this connection occurs wireless-
ly to a gaming console or virtual reality system. Upon
receipt of activating signal 150 from the gaming or virtual
reality system, haptic actuator(s) 140 in the wearable ar-
ticle provide haptic feedback to the user. Such feedback
is described herein, and can be mechanical in nature
(deformation, movement, vibration) or electrostatic in na-
ture. As described, the haptic feedback can signal an
interaction with a component or scenario of the game or
virtual reality system, a character of the game or system,
or a choice or decision made by the user. Such interac-
tions include physical hitting, kicking, punching, falling,
etc., as well as interactions such as increases or decreas-
es in temperature, and interactions with weapons, etc.
Upon completion of the game or virtual reality simulation,
the user can signal the adjustable interaction elements
to contract (i.e., deflate), allowing for easier removal of
the wearable article.
[0051] In further embodiments, provided herein are
wearable articles for providing haptic feedback, including
a textile, an adjustable interaction element composed of
a deformable material that can encapsulate a liquid or a
gas associated with the textile, and fluidly connected to
a liquid or gas supply. As described herein, the adjustable
interaction element expands or contracts to provide a
comfortable user fit and/or provides haptic feedback to
a user. The wearable articles further include a haptic ac-
tuator associated with the adjustable interaction element.
[0052] Exemplary textiles include various materials
such as wool, cotton, synthetics, nylon, etc., and suitably
the textiles take the form of an item of clothing such as
shirt, a pair of pants, a bodysuit, a hat, a glove, a shoe, etc.
[0053] Exemplary components for use as the adjusta-
ble interaction element, including various polymers, are
described herein. In addition, exemplary actuators are
described throughout.
[0054] In embodiments, the wearable article includes
a plurality of adjustable interaction elements, with each
adjustable interaction element fluidly connected to a liq-
uid or gas supply, such as an air supply.
[0055] The various embodiments described above are
provided by way of illustration only and should not be
construed to limit the claims attached hereto. Those
skilled in the art will readily recognize various modifica-
tions and changes that may be made without following
the example embodiments and applications illustrated
and described herein, and without departing from the true
spirit and scope of the following claims.

Claims

1. A wearable article for providing haptic feedback,
comprising:
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a structural material;
an adjustable interaction element associated
with the structural material; and
a haptic actuator associated with the adjustable
interaction element.

2. The wearable article of claim 1, wherein the struc-
tural material comprises a textile, including wherein
the textile is in the form of a shirt, a pair of pants, a
bodysuit, a hat, a glove or a shoe.

3. The wearable article of claim 1 or 2, wherein the ad-
justable interaction element comprises a deformable
material that can encapsulate a liquid or a gas, pref-
erably wherein the deformable material comprises a
polymer.

4. The wearable article of any one of claims 1 to 3,
comprising a plurality of adjustable interaction ele-
ments, each adjustable interaction element fluidly
connected to a liquid or gas supply, preferably an air
supply.

5. The wearable article of any one of claims 1 to 4,
wherein the adjustable interaction elements expand
or contract to provide a comfortable user fit.

6. The wearable article of any one of claims 1 to 5,
wherein the adjustable interaction elements expand
or contract to provide haptic feedback to a user.

7. The wearable article of any one of claims 1 to 6,
wherein the haptic actuator is an electromagnetic
actuator, a smart material actuator, a heating mech-
anism, a motorized mechanism, an electrostatic ac-
tuator, or a combination thereof.

8. The wearable article of claim 7, wherein the haptic
actuator is an electromagnetic actuator or a motor-
ized mechanism configured to provide a vibrational
haptic feedback.

9. The wearable article of claim 7, wherein the haptic
actuator is an electrostatic actuator configured to
provide electrostatic haptic feedback.

10. A wearable article for providing haptic feedback,
comprising:

a textile;
an adjustable interaction element composed of
a deformable material that can encapsulate a
liquid or a gas, the adjustable interaction ele-
ment associated with the textile, and fluidly con-
nected to a liquid or gas supply, wherein the ad-
justable interaction element expands or con-
tracts to provide a comfortable user fit and/or to
provide haptic feedback; and

a haptic actuator associated with the adjustable
interaction element.

11. The wearable article of claim 10, wherein the textile
is in the form of a shirt, a pair of pants, a bodysuit, a
hat, a glove or a shoe.

12. The wearable article of claim 10 or 11, wherein the
adjustable interaction element comprises a polymer.

13. The wearable article of any one of claims 10 to 12,
comprising a plurality of adjustable interaction ele-
ments, each adjustable interaction element fluidly
connected to the liquid or gas supply, preferably an
air supply.

14. The wearable article of any one of claims 10 to13,
wherein the haptic actuator is an electromagnetic
actuator, a smart material actuator, a heating mech-
anism, a motorized mechanism, an electrostatic ac-
tuator, or a combination thereof.

15. The wearable article of claim 14, wherein the haptic
actuator is an electromagnetic actuator or a motor-
ized mechanism configured to provide a vibrational
haptic feedback, or wherein the haptic actuator is an
electrostatic actuator configured to provide electro-
static haptic feedback.
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