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(54) A method of producing a haptic effect and haptic effect enabled device

(57) A haptic effect enabled device (100) for produc-
ing a haptic effect. In some cases, the haptic effect may
represent a component of a spatial pattern represented
on a surface (110) of the haptic effect enabled device. In
some cases, the haptic effect enabled device may com-
prise a haptic output device (120), a drive module (130),
and a drive circuit (125). The drive module may receive
information indicative of a location of a touch input at the

surface and determine whether the touch input’s location
corresponds with a location of one of multiple compo-
nents (301, 301 A, 301 B, 301 E, 301 F, 303, 304, 305,
307A, 307B) of the spatial pattern. The drive module may
generate a drive signal (201, 203, 500) that the drive
circuit then applies to the haptic output device to generate
the haptic effect.
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Description

[0001] The invention relates to a method of producing
a haptic effect and a haptic effect enabled device.
[0002] In embodiments, the invention relates to a meth-
od and apparatus for simulating surface features on a
user interface with haptic effects. In embodiments, a
method and apparatus for providing haptic cues for guid-
ance and alignment with electrostatic friction is provided.
[0003] Some electronic user interface devices provide
a display screen through which displayed objects may
be moved, rotated, or otherwise manipulated. While a
user may move a displayed object to a general area on
the screen, moving the object to a precise location on
the screen may be difficult. A user moving the object may
have difficulty moving the object to precise locations on
the display screen because such locations are not iden-
tified on the screen, or may be obscured by the user’s
hand. Overall, the ability to convey spatial details on a
user interface screen is limited.
[0004] According to an aspect of the invention there is
provided a method of producing a haptic effect, compris-
ing: receiving information indicative of a location of a
touch input at a surface; determining whether the location
of the touch input corresponds with a location of one of
multiple spatial pattern components represented at mul-
tiple locations on the surface; generating a drive signal;
and, applying, in response to determining that the loca-
tion of the touch input corresponds with the location of
the one of the multiple spatial pattern components, the
drive signal to a haptic output device that is configured
to produce a haptic effect at the surface.
[0005] The surface at which the touch input is received
may be a surface of an interface device, wherein the in-
terface device comprises a display, the method further
comprising displaying the multiple spatial pattern com-
ponents on the display, wherein the multiple spatial pat-
tern components are selected from the group consisting
of lines, points, tiles, and concentric circles.
[0006] The displaying of the multiple spatial pattern
components may comprise displaying the multiple spatial
pattern components to be unevenly spaced on the dis-
play of the interface device.
[0007] The haptic output device may comprise an elec-
trostatic output device, wherein the said generating the
drive signal is based on a tactile sensation to be simulated
for the one of the multiple spatial pattern components.
[0008] The drive signal may be an impulse drive signal.
[0009] An intensity, duration, or shape of the impulse
drive signal may be based on a simulated size, thickness,
or weight of the one of the multiple spatial pattern com-
ponents.
[0010] The tactile sensation to be simulated may in-
clude a texture, and wherein the drive signal is a periodic
drive signal.
[0011] The tactile sensation to be simulated may in-
clude a texture, and wherein the drive signal is a combi-
nation of a plurality of periodic drive signals.

[0012] The tactile sensation to be simulated may in-
clude a texture, and wherein the drive signal is a random
or pseudo-random drive signal.
[0013] The multiple spatial pattern components may
comprise multiple points, the method further comprising
displaying a keyboard on the display, wherein each of
the multiple points corresponds to a corner of one or more
of the multiple keys of the keyboard.
[0014] The touch input may be part of a movement that
has identified on the keyboard one or more characters
of a word, wherein the location of the touch input corre-
sponds to one of the multiple keys of the keyboard, and
wherein an intensity of the drive signal is based on a
likelihood that the one of the multiple keys is a next char-
acter of the word.
[0015] The multiple spatial pattern components may
comprise multiple tiles, wherein the multiple tiles corre-
spond with multiple pixels of a bitmap, wherein the loca-
tion of the touch input corresponds with a location of one
of the multiple pixels, and wherein said generating the
drive signal is based on the one of the multiple pixels.
[0016] The interface device may comprise a display,
the method further comprising displaying zooming of a
display area on the display in response to detecting the
touch input, the method further comprising applying the
drive signal to the haptic output device in response to
determining that a size of the display area being zoomed
has reached a predetermined level.
[0017] The generating of the drive signal may be based
on an applied pressure or on a contact area associated
with the touch input.
[0018] According to an aspect of the invention there is
provided a method of producing a haptic effect, compris-
ing: detecting a touch input on a surface; receiving infor-
mation indicative of a location of a virtual object being
moved by the touch input on the surface; determining
whether the location of the virtual object corresponds with
a location of one of multiple spatial pattern components
represented at multiple locations on the surface; gener-
ating a drive signal; and, applying, in response to deter-
mining that the location of the virtual object corresponds
with the location of the one of the multiple spatial pattern
components, the drive signal to a haptic output device
that is configured to produce a haptic effect at the surface.
[0019] The surface at which the touch input is received
may be a surface of an interface device, wherein the in-
terface device comprises a display, the method further
comprising displaying the virtual object on the display,
wherein said generating the drive signal is based on a
degree of overlap on the display between the virtual ob-
ject and the one of the multiple spatial pattern compo-
nents, and wherein the haptic output device comprises
an electrostatic output device. One of the multiple spatial
pattern components may correspond to a snap location
on the display, the method further comprising displaying
on the display snapping of the virtual object to the snap
location in response to determining that the location of
the virtual object corresponds with the snap location.
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[0020] According to an aspect of the invention there is
provided a haptic effect enabled device, comprising: a
haptic output device configured to produce a haptic effect
at a surface; a drive module configured to: receive infor-
mation indicative of a location of a touch input at the sur-
face; determine whether the location of the touch input
corresponds with a location of one of multiple spatial pat-
tern components represented on the surface; generate
a drive signal; and, a drive circuit operatively coupled to
the drive module and the haptic output device and con-
figured to apply the drive signal to the haptic output device
in response to the determination that the location of the
touch input corresponds with the location of the one of
the multiple spatial pattern components.
[0021] The haptic effect enabled device may be con-
figured such that the haptic effect enabled device is an
interface device, and wherein the surface at which the
touch input is received is a surface of the interface device,
the interface device further comprising a display config-
ured to display the multiple spatial pattern components,
wherein the multiple spatial pattern components are se-
lected from the group consisting of lines, points, tiles, and
concentric circles.
[0022] The haptic effect enabled device may be con-
figured such that the display is configured to display the
multiple pattern components to be unevenly spaced.
[0023] The haptic effect enabled device may be con-
figured such that the haptic output device comprises an
electrostatic output device, and wherein the drive module
is configured to generate the drive signal based on a
tactile sensation to be simulated for the one of the multiple
spatial pattern components.
[0024] The haptic effect enabled device may be con-
figured such that the drive signal is an impulse drive sig-
nal.
[0025] The haptic effect enabled device may be con-
figured such that an intensity, duration, or shape of the
impulse drive signal is based on a simulated size, thick-
ness, or weight of the one of the multiple spatial pattern
components.
[0026] The haptic effect enabled device may be con-
figured such that the tactile sensation to be simulated
includes a texture, and wherein the drive signal is a pe-
riodic drive signal.
[0027] The haptic effect enabled device may be con-
figured such that the tactile sensation to be simulated
includes a texture, and wherein the drive signal is a com-
bination of a plurality of periodic drive signals.
[0028] The haptic effect enabled device may be con-
figured such that the tactile sensation to be simulated
includes a texture, and wherein the drive signal is a ran-
dom or pseudo-random drive signal.
[0029] The haptic effect enabled device may be con-
figured such that the multiple spatial pattern components
comprise multiple points, wherein the display is further
configured to display a keyboard, wherein each of the
multiple points corresponds to a corner of one or more
of the multiple keys of the keyboard.

[0030] The haptic effect enabled device may be con-
figured such that the touch input is part of a movement
that has identified on the keyboard one or more charac-
ters of a word, wherein the location of the touch input
corresponds to one of the multiple keys of the keyboard,
and wherein an intensity of the drive signal is based on
a likelihood that the one of the multiple keys is a next
character of the word.
[0031] The haptic effect enabled device may be con-
figured such that the multiple spatial pattern components
comprise multiple tiles, wherein the multiple tiles corre-
spond with multiple pixels of a bitmap, wherein the loca-
tion of the touch input corresponds with a location of one
of the multiple pixels, and wherein the drive module is
configured to generate the drive signal based on the one
of the multiple pixels.
[0032] The haptic effect enabled device may further
comprise a display configured to display zooming of a
display area on the display in response to the haptic effect
enabled device detecting the touch input, and wherein
the drive circuit is further configured to apply the drive
signal to the haptic output device in response to deter-
mining that a size of the display area being zoomed has
reached a predetermined level.
[0033] The haptic effect enabled device may be con-
figured such that the drive module is configured to gen-
erate the drive signal based on an applied pressure or
on a contact area associated with the touch input.
[0034] According to an aspect of the invention there is
provided a haptic effect enabled device, comprising: a
haptic output device configured to produce a haptic effect
at a surface; a drive module configured to: receive infor-
mation indicative of a location of a virtual object being
moved by a touch input received at the surface; deter-
mine whether the location of the virtual object corre-
sponds with a location of one of multiple spatial pattern
components represented at multiple locations on the sur-
face; and, generate a drive signal; a drive circuit opera-
tively coupled to the haptic output device and the drive
module and to apply, in response to the determination
that the location of the virtual object corresponds with the
location of the one of the multiple spatial pattern compo-
nents, the drive signal to the haptic output device.
The haptic effect enabled device may be configured such
that the haptic effect enabled device is an interface de-
vice, and wherein the surface at which the touch input is
received is a surface of the interface device, the interface
device further comprising a display configured to display
the multiple spatial pattern components, wherein the
drive module is configured to generate the drive signal
based on a degree of overlap on the display between the
virtual object and the one of the multiple spatial pattern
components, and wherein the haptic output device com-
prises an electrostatic output device.
[0035] The haptic effect enabled device may be con-
figured such that the one of the multiple spatial pattern
components correspond to a snap location on the dis-
play, and wherein the display is configured to display
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snapping of the virtual object to the snap location in re-
sponse to a determination that the location of the virtual
object corresponds with the snap location.
[0036] According to an aspect of the present invention,
there is provided a method for producing a haptic effect.
The method may include receiving information indicative
of a location of a touch input at a surface. A determination
may be made on whether the location of the touch input
corresponds with a location of one of multiple spatial pat-
tern components that are represented at multiple loca-
tions on the surface. A drive signal may be generated.
The drive signal may be applied to a haptic output device
in response to the determination that the location of the
touch input corresponds with the location of the one of
the multiple spatial pattern components. The haptic out-
put device may be driven to produce a haptic effect at
the surface.
According to an aspect of the invention, there is provided
a method of producing a haptic effect. The method may
include detecting a touch input on a surface and receiving
information indicative of a location of a virtual object being
moved by the touch input on the surface. The method
may further include determining whether the location of
the virtual object corresponds with a location of one of
multiple spatial pattern components represented at mul-
tiple locations on the surface. A drive signal may be gen-
erated, and may be applied to a haptic output device in
response to a determination that the location of the virtual
object corresponds with the location of the one of the
multiple spatial pattern components.
In an embodiment, the spatial pattern components may
be selected from the group consisting of lines, points,
tiles, and concentric circles.
According to an aspect of the present invention, there is
provided a haptic effect enabled device that comprises
a haptic output device, a drive module, and a drive circuit.
The drive module may be configured to receive informa-
tion indicative of a location of a touch input at the surface.
The drive module may determine whether the location
corresponds with a location of one of multiple spatial pat-
tern components represented on the surface. The drive
module may generate a drive signal. A drive circuit may
apply the drive signal to the haptic output device in re-
sponse to the determination that the location of the touch
input corresponds with the location of the one of the mul-
tiple spatial pattern components.
According to an aspect of the present invention, there is
provided a haptic effect enabled device that is configured
to produce a haptic effect at a surface. The haptic effect
enabled device may comprise a drive module, a drive
circuit, and a haptic output device. The drive module may
be configured to receive information indicative of a loca-
tion of a virtual object being moved by a touch input re-
ceived at the surface. The drive module may further be
configured to determine whether the location of the virtual
object corresponds with a location of one of multiple spa-
tial pattern components represented at multiple locations
on the surface. The drive module may further be config-

ured to generate a drive signal. The drive circuit may be
configured to apply the drive signal to the haptic output
device in response to the determination that the location
of the virtual object corresponds with the location of the
one of the multiple spatial pattern components.
[0037] These and other aspects, features, and char-
acteristics of the present invention, as well as the meth-
ods of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consid-
eration of the following description and the appended
claims with reference to the accompanying drawings, all
of which form a part of this specification. It is to be ex-
pressly understood, however, that the drawings are for
the purpose of illustration and description only and are
not intended as a definition of the limits of the invention.
As used in the specification and in the claims, the singular
form of "a", "an", and "the" include plural referents unless
the context clearly dictates otherwise.
[0038] The components of the following Figures are
illustrated to emphasize the general principles of the
present disclosure and are not necessarily drawn to
scale. Reference characters designating corresponding
components are repeated as necessary throughout the
Figures for the sake of consistency and clarity.

FIGs. 1A-1B schematically illustrate an example of
an apparatus as described herein;
FIGs. 2A-2C schematically illustrate spatial patterns
that may be generated on a surface of the apparatus
of FIG. 1A;
FIGs. 3A-3C schematically illustrate spatial patterns
that may be generated on the surface of the appa-
ratus of FIG. 1A;
FIGs. 4A-4C schematically illustrate spatial patterns
that may be generated on the surface of the appa-
ratus of FIG. 1A;
FIGs. 5A-5B schematically illustrate spatial patterns
that may be generated on the surface of the appa-
ratus of FIG. 1A;
FIGs. 5C-5D schematically illustrate embodiments
of haptic drive signals that may be used to generate
haptic effects that simulate a texture;
FIGs. 6A-6B schematically illustrate the apparatus
of FIG. 1A generating a haptic effect to simulate a
spatial pattern component on the surface of the ap-
paratus;
FIG. 7 schematically illustrates the apparatus of FIG.
1A generating a haptic effect to simulate a spatial
pattern component on the surface of the apparatus;
FIGs. 8A-8C schematically illustrate the apparatus
of FIG. 1A generating a haptic effect based on a de-
gree of applied pressure;
FIGs. 9A-9D schematically illustrate superposition
of spatial pattern components on the surface of the
apparatus of FIG. 1A;
FIGs. 10A-10C schematically illustrate spatial pat-
tern components that may be generated with differ-
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ent intensities at the surface of the apparatus of FIG.
1A;
FIGs. 11A-11B schematically illustrate a button rep-
resented through spatial pattern components on the
surface of the apparatus of FIG. 1A;
FIGs. 12A-12B schematically illustrate a plurality of
pixels represented through spatial pattern compo-
nents on the surface of the apparatus of FIG. 1A;
FIGs. 13A-13B schematically illustrate text repre-
sented through spatial pattern components on the
surface of the apparatus of FIG. 1A;
FIGs. 14A-14B schematically illustrate a keyboard
represented through spatial pattern components on
the surface of the apparatus of FIG. 1A;
FIGs. 15A-15B schematically illustrate a gestural un-
lock movement across spatial pattern components
on the surface of the apparatus of FIG. 1A;
FIGs. 16A-16B schematically illustrate one or more
snap locations represented by one or more spatial
pattern components on the surface of the apparatus
of FIG. 1A;
FIG. 17 schematically illustrates a spatial pattern
component with a dynamic location based on a lo-
cation of an object displayed on the surface of the
apparatus of FIG. 1A;
FIGs. 18A-18B schematically illustrate a spatial pat-
tern component that represents a keyboard letter
and that is generated with a dynamic intensity that
is based on other keyboard letters selected on the
surface of the apparatus of FIG. 1A; and
FIGs. 19A-19B schematically illustrate a haptic ef-
fect that is generated based on a size of content dis-
played on the surface of the apparatus of FIG. 1A.

[0039] FIG. 1A illustrates an embodiment of a haptic
effect enabled user interface device 100 that may gen-
erate a haptic effect at a surface 110 of the device. The
haptic effect may be generated to simulate a feature,
such as a surface feature, represented by device 100.
For example, the simulated surface feature may be a
simulated texture, spatial pattern, edge or border, or any
other tactile sensation, whether natural or artificial, of sur-
face 110. The spatial pattern may include a grid of straight
lines, a grid of concentric circles, a grid of points, a grid
of tiles, any combination thereof, or any other spatial pat-
tern. In an embodiment, surface 110 may be a touch
screen that displays an image corresponding to the sim-
ulated surface feature, such as an image of spatial pat-
tern components of the spatial pattern. In an embodi-
ment, surface 110 may be a touch pad that corresponds
to a display of the image, or any other touch interface.
Device 100 may include a mobile phone, tablet computer,
television, electronic display, touch pad, or any other
electronic user interface device.
In an embodiment, device 100 may comprise a haptic
drive module 130, a haptic output device 120 to generate
haptic effects, and a haptic drive circuit 125 operatively
coupled to the haptic drive module 130 and the haptic

output device 120 so as to apply a drive signal to the
haptic output device. Haptic drive module130 may in-
clude a controller, which may include one or more proc-
essors, or any other processing unit. Haptic drive circuit
125 may comprise an amplifier configured to amplify or
buffer a signal from the haptic drive module 130. In an
embodiment, haptic drive circuit 125 may be omitted, and
haptic drive module 130 may output a signal directly to
haptic output device 120. Haptic output device 120 may
include an actuator (e.g., a voice coil, ultrasonic vibration
device, solenoid, piezoelectric device, or any other actu-
ator), an electrostatic device, or any other haptic output
device. The ultrasonic vibration device may, in some in-
stances, reduce a level of friction at surface 110. Haptic
drive module 130 may be operatively coupled to haptic
output device 120, which may be operatively coupled to
surface 110. Haptic output devices are discussed in more
detail in U.S. Patent Application Serial No. 13/092,269,
titled "Electro-vibrotactile Display," filed April 22, 2011,
and published on October 25, 2012 as United States Pat-
ent Application Publication No. 2012/0268412.
In an embodiment, haptic drive module 130 and haptic
output device 120 may simulate surface features at sur-
face 110 by controlling a level of friction. For example, a
haptic output device 120 that includes an actuator may
control friction through generating vibrations at surface
110. A haptic output device 120 that includes an electro-
static device may control a level of friction through ap-
plying a voltage to or underneath surface 110. An alter-
nating voltage signal, for example, may create a capac-
itive effect that attracts finger 10, a stylus, or any other
object at surface 110. The attractive force at the surface
may be perceived as friction as the object moves across
the surface. Increasing the attractive force may increase
a level of friction at the surface. Controlling friction
through a haptic effect is discussed in more detail in U.S.
Patent Application Serial No. 13/092,269, titled "Electro-
vibrotactile Display," filed April 22, 2011, and published
on October 25, 2012 as United States Patent Application
Publication No. 2012/0268412. As described in that ap-
plication, an electrostatic device may, in an embodiment,
be used with a surface 110 that includes a conductive
layer having one or more electrodes and that includes
an insulating layer. The conducting layer may be any
semiconductor or other conductive material. The insulat-
ing layer may be glass, plastic (e.g., thermoplastic), pol-
ymer, or any other insulating layer. The electrostatic de-
vice may operate by applying an AC signal that, in an
embodiment, capacitively couples the conducting layer
with an object near or touching surface 110. The AC sig-
nal may be generated by a high-voltage amplifier.
The capacitive coupling may control a level of friction on
the surface 110. In an embodiment, a surface feature
may be simulated by controlling the level of friction on
the surface 110. Varying the levels of attraction between
the object and the conducting layer can vary the friction
on an object moving across the surface 110. A region
having a different level of friction than surrounding re-
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gions may represent a spatial pattern component, a tex-
ture, or any other surface feature.
The capacitive coupling may also generate a haptic effect
by stimulating parts of the object near or touching the
surface 110, such as mechanoreceptors in the skin of a
user’s finger. In an example, the conducting layer may
be applied with an AC voltage signal that couples with
conductive parts of a user’s finger. As the user moves
his or her finger on the screen, the user may sense a
texture of prickliness, graininess, bumpiness, roughness,
stickiness, or some other texture. In an embodiment, sur-
face 110 does not have an insulating layer, so that an
object can directly touch the conducting layer. A haptic
effect can be generated by applying a voltage from the
conducting layer to the object through an electrically con-
ductive path. Simulating a texture through a periodic or
other haptic effect is discussed in more detail in U.S.
Patent Application Serial No. 13/665,526, titled "Method
and Apparatus for Simulating Surface Features on a User
Interface with Haptic Effects," filed October 31, 2012.
In an embodiment, a haptic effect is not confined to a
surface (e.g., surface 110) of an electronic user interface
device. In an embodiment, a user’s hand, for example,
may touch objects beyond a touch screen or touchpad
and still perceive a haptic effect. The haptic effect may
be generated by, for example, applying a voltage directly
to the user’s body from a signal generator or any other
voltage-generating device. In some instances, the volt-
age-generating device may be a standalone device
adapted to be mounted at a location that frequently
comes into contact with the user’s body. The voltage may
be applied whenever a sensor detects that the user’s
body is touching an object on which a spatial pattern or
other surface feature is to be simulated. The voltage may
place a charge on the user’s body. Capacitive interaction
between the charge on the user’s body and the object
being touched may create an attractive force between
the user’s body and the object. The force of attraction
may control a level of friction at a surface of the object,
which may simulate a spatial pattern on a surface of the
object being touched.
In an embodiment, a user may perceive a simulated spa-
tial pattern on an object both through an electrostatic ef-
fect that is generated at a surface of the object and
through an augmented reality experience created by an
electronic user interface device. For example, the elec-
tronic user interface device may create an augmented
reality experience by displaying a captured image of an
object and overlaying a grid or other spatial pattern on
the image. In an embodiment, the user may perceive the
spatial pattern on the object both by touching the object
and by seeing the graphical representation of the spatial
pattern overlaid on the object on the electronic user in-
terface.
In an embodiment, haptic drive module 130 may be con-
figured to cause haptic output device 120 to generate a
periodic haptic effect. FIG. 1A, for example, illustrates a
periodic haptic effect based on haptic drive signal 201.

In some instances, a haptic drive signal may be a periodic
drive signal. In some instances, haptic drive signals may
represent haptic effects generated by haptic output de-
vices. For example, if haptic output device 120 includes
an electrostatic device, a haptic effect based on haptic
drive signal 201 may include a sinusoidal AC voltage that
has a frequency and amplitude matching or proportional
to haptic drive signal 201. If haptic output device 120
includes an actuator, a haptic effect based on haptic drive
signal 201 may include a vibration that that has a fre-
quency and amplitude matching haptic drive signal 201.
The periodic haptic effect may vary according to a sinu-
soidal waveform, as illustrated in FIG. 1A, a square, tri-
angular, or sawtooth waveform, or any other periodic
waveform. For example, a periodic electrostatic effect
may be generated by an AC voltage having a sinusoidal,
square, triangular, sawtooth, or any other waveform.
In an embodiment, haptic drive module 130 may cause
haptic output device 120 to alter the haptic effect. Figs
1A-1B illustrate, for example, altering a frequency of a
periodic haptic effect as finger 10 or any other object
creating a touch input moves across surface 110. For
example, as illustrated in FIG. 1B, a haptic drive signal
203 may be altered so that haptic drive signal 203 has a
greater frequency as compared to haptic drive signal 201
of FIG. 1A. Generating periodic haptic effects is dis-
cussed in more detail in U.S. Patent Application Serial
No. 13/665,526, titled "Method and Apparatus for Simu-
lating Surface Features on a User Interface with Haptic
Effects," filed October 31, 2012.
In an embodiment, a spatial pattern may comprise an
arrangement of one or more spatial pattern components,
which may include lines, circles, points, or tiles. For ex-
ample, FIGs. 2A-2C illustrate a spatial pattern comprising
a grid of lines. As a user’s finger or any other touch input
passes line 301 or any other spatial pattern component
of the grid, a haptic effect may be generated to indicate
presence of the line. The haptic effect may be generated
by haptic output device 120, for example, or any other
haptic output device. The lines or other spatial pattern
components may be displayed on surface 110 or any
other surface, or may be represented solely through hap-
tic effects. In an embodiment, each spatial pattern com-
ponent may correspond with a coordinate position, such
as a X-coordinate corresponding with a vertical grid line
or a Y-coordinate corresponding with a horizontal grid
line. In some instances, the coordinate positions may be
displayed along with the spatial pattern components.
In an embodiment, grid lines or other spatial pattern com-
ponents of a spatial pattern may be evenly spaced, as
illustrated in FIG. 2A. In an embodiment, grid lines or
other spatial pattern components of a spatial pattern may
be unevenly spaced, as illustrated in FIGs. 2B-2C. In one
example, as illustrated in FIG. 2B, vertical grid lines may
be evenly spaced, while horizontal grid lines may be un-
evenly spaced. In another example, as illustrated in FIG.
2C, both vertical grid lines and horizontal lines may be
unevenly spaced. Spacing between grid lines may follow

9 10 



EP 2 733 577 A2

7

5

10

15

20

25

30

35

40

45

50

55

a predetermined relationship, such as a polynomial or
exponential relationship. For example, spacing between
a pair of grid lines in FIG. 2C may be double that of spac-
ing between an adjacent pair of grid lines.
FIGs. 3A-3C illustrate a spatial pattern having grid circles,
such as grid circle 303, as spatial pattern components.
In an embodiment, each circle may correspond with a
coordinate position, such as a radius coordinate. For ex-
ample, FIG. 3A illustrates a plurality of concentric grid
circles that may each correspond to one of a plurality of
radius coordinates. FIG. 3B further illustrates a spatial
pattern that may combine circles with lines. In some in-
stances, each circle may correspond to a radius coordi-
nate and each line may correspond to an angle coordi-
nate.
In such instances, the concentric grid circles and grid
lines may represent positions on surface 110 through a
polar coordinate system. While FIGs. 3A-3B illustrate
concentric circles that are evenly spaced, FIG. 3C illus-
trates that a spatial pattern may comprise circles that are
unevenly spaced, that are not concentric, or any combi-
nation thereof. As further illustrated in FIG. 3C, a spatial
pattern may more generally comprise one or more ellip-
tical spatial pattern components 304. A spatial pattern
component may further have one or more dimensions
that is bigger than a surface (e.g., surface 110) of a user
interface device. In such instances, the user interface
device may represent only part of the spatial pattern com-
ponent on the device’s surface. In an embodiment, two
spatial pattern components, such as two grid circles, or
more generally two grid ellipses, may intersect.
FIGs. 4A-4C illustrate grid points, such as grid point 305,
as spatial pattern components. In an embodiment, grid
points of a spatial pattern may be arranged in one or
more rows and one or more columns. For example, grid
points in each row or column may be evenly spaced and
may be aligned with grid points in another row or column,
as illustrated in FIG. 4A. Each grid point 305 may repre-
sent one or more coordinate positions, such as an X-
coordinate and a Y-coordinate. In some instances, grid
points in a row or column may be unevenly spaced. In
some instances, grid points in rows or columns may be
staggered. Rows or columns may, in some cases, have
different numbers of grid points, as illustrated in FIG. 4B.
As further illustrated in FIG. 4B, the grid points may rep-
resent only a portion of a surface of a user interface de-
vice.
In an embodiment, grid points of a spatial pattern may
be arranged in any other manner. For example, grid
points may be arranged to approximate a shape, such
as a circle, square, any other shape, or any other pattern.
In an embodiment, a grid point 305 may have a simulated
shape. For example, if a grid point has sufficient size, a
touch input may touch multiple locations of the grid point.
A haptic effect may vary based on a location of the grid
point being touched. Varying the haptic effect based on
the location may simulate a shape of the grid point. For
example, FIGs. 4A and 4C illustrate grid points that may

have sizes on the order of an average size of a fingertip.
Each grid point in FIG. 4A may have a simulated shape
of a circle, while each grid point in FIG. 4C may have a
simulated shape of a square.
FIGs. 5A-5B illustrate tiles, such as tile 307A and tile
307B, as spatial pattern components. In an embodiment,
each tile may be represented through a haptic effect that
simulates a texture or any other tactile sensation in the
tile. For example, when a touch input is at tile 307A, a
haptic effect may be generated with a periodic drive sig-
nal. In an embodiment, as illustrated in FIG. 5A, a tile
such as tile 307B may be associated with no haptic effect
so as to provide contrast with tile 307A. In an embodi-
ment, as illustrated in FIG. 5B, a tile such as tile 307B
may be associated with another haptic effect so as to
provide contrast with tile 307A. The other haptic effect
may be generated with a different periodic drive signal
than that used for tile 307A. The different periodic drive
signal may have a different frequency, different ampli-
tude, any other different property, or any combination
thereof. A grid tile may have a shape that comprises a
circle, an ellipse, a rectangle, a square, a triangle, a hex-
agon, or any other shape.
In an embodiment, a haptic effect that simulates texture
may be based on a random or pseudo-random haptic
drive signal, such as signal 500, illustrated in FIG. 5C.
Stochastic effects of the random or pseudo-random sig-
nal may add realism to a simulated surface feature. In
an embodiment, the random or pseudo-random signal
may be used alone in generating a haptic effect. In an
embodiment, values of the signal may be confined to a
predetermined range. The random or pseudo-random
signal may be generated from sampling one or more val-
ues of natural phenomena, from a Gabor function, a ran-
dom number generator, or any other technique.
In an embodiment, a haptic effect may be based on a
combination of a random or pseudo-random signal and
another signal. For example, as illustrated in FIG. 5D, a
haptic effect may be based on signal 510, which is a
combination of the random or pseudo-random signal 500
and signal 520, which may be a periodic signal. In an
embodiment, a haptic effect that simulates texture may
be based on an arbitrary drive signal, which may be a
drive signal having any form, as selected by the devel-
oper. Portions of the arbitrary drive signal may or may
not be periodic, may or may not be random or pseudo-
random, and may or may not be combined with other
drive signals.
FIGs. 6A-6B illustrate various ways to represent a spatial
pattern component through a haptic effect. The haptic
effect may be generated with a periodic drive signal, as
illustrated in the
Figures. In an embodiment, as illustrated in FIG. 6A, a
background haptic effect A1 may be generated when a
touch input is detected. For example, when a touch input
is detected on surface 110, a background periodic elec-
trostatic effect or vibration may be generated. The back-
ground haptic effect A1 may have an intensity that is low-
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er (e.g., 10%) of an intensity associated a haptic effect
A2 for a spatial pattern component. When a touch input
is detected to be at a spatial pattern component, such as
grid line 301 (shown in an enlarged view in FIGs. 6A-6B),
the haptic effect may be altered. For example, the inten-
sity of the haptic effect may increase, or a frequency of
the haptic effect may decrease. The change in the haptic
effect may indicate presence of the spatial pattern com-
ponent. A duration of the changed haptic effect may be
based on a location of the touch input, may be based on
a predetermined amount of time, on any other factor, or
any combination thereof. For instance, the haptic effect
may revert to the background haptic effect A1 when the
touch input is detected to have moved away from the
spatial pattern component. FIG. 6B illustrates another
instance in which a haptic effect representing a spatial
pattern component may have a predetermined duration,
such as 10 milliseconds. FIG. 6B further illustrates an
embodiment in which no background haptic effect is gen-
erated so that a haptic effect is only provided when the
touch input is at the location of the spatial pattern com-
ponent.
In an embodiment, a haptic effect may generated based
on an object being manipulated by a touch input. For
example, FIG. 7 illustrates an object 11 being manipu-
lated by a touch input. Object 11 may be an icon, a win-
dow, a drawing, an avatar, or any other object displayed
on surface 110. The touch input may manipulate the ob-
ject through lateral movement, vertical movement, rota-
tion, any other manipulation, or any combination thereof.
In the embodiment illustrated in FIG. 7, a haptic effect
representing a spatial pattern component may be gen-
erated when object 11 touches the spatial pattern com-
ponent. The haptic effect may be generated with touch
input touching the spatial pattern component, or may be
generated even if the touch input is not touching the spa-
tial pattern component. For example, a haptic effect may
be generated when a right side of object 11 touches grid
line 301, even if touch input (e.g., a finger or stylus) is
touching a left side of object 11 and therefore not touching
grid line 301. In an embodiment, an intensity of the haptic
effect may be based on a degree of overlap between the
spatial pattern and object 11. If a spatial pattern compo-
nent such as a line does not have thickness, the degree
of overlap may be based on a length of the line that is
covered by object 11. If a spatial pattern component such
as a point has no area, the degree of overlap remains
constant.
In an embodiment, an intensity of a haptic effect repre-
senting a spatial pattern component may be based on
an applied force or pressure. For example, FIGs. 8A-8C
illustrate a touch input being applied with three different
degrees of pressure. If the pressure applied by the touch
input does not reach a dynamic or predetermined thresh-
old, as illustrated in FIG. 8A, surface 110 may have no
spatial pattern represented on it and thus no haptic effect
generated to represent a spatial pattern component. If
the pressure applied by the touch input reaches or ex-

ceeds the dynamic or predetermined threshold, as illus-
trated in FIGs. 8B-8C, the haptic effect generated to rep-
resent spatial pattern components may have an intensity
that depends on the degree of applied pressure. A higher
degree of pressure may cause a more intense haptic
effect to be generated. In an embodiment, an intensity
of the haptic effect may be based on a velocity, acceler-
ation, direction of movement, lateral force, contact area,
shape of contact area, angle of approach, orientation,
temperature, conductance, or dryness of a touch input
or object creating the touch input, or based on a system
input. In an embodiment where there are simultaneous
touch inputs, such as on a multi-touch device, how the
haptic effect changes may be based on a parameter of
any one of the touch inputs or any combination of the
touch inputs.
In an embodiment, a spatial pattern may combine differ-
ent spatial pattern components such as a combination
of one or more grid lines, grid circles, grid points, grid
tiles, or any combination thereof, as illustrated in FIG. 3B
and FIGs. 9A-9D. In one example, as illustrated in FIG.
3B, a spatial pattern may comprise a combination of grid
lines and grid circles. In another example, as illustrated
in FIG. 9A, a grid pattern may comprise a combination
of grid lines 301 and grid points 305. Different types of
spatial pattern components may be superimposed on
each other, or they may be represented at separate lo-
cations. For example, FIG. 9A illustrates grid points 305
superimposed on grid lines 301. The haptic effect repre-
senting the spatial pattern may change when a touch
input touches any of the grid points. For instance, the
haptic effect may be more intense at one of the grid points
compared to the haptic effect generated at one of the
grid lines.
In another example, as illustrated in FIG. 9B, a grid line
(e.g., grid line 301) may be superimposed on a grid tile
(e.g., grid tile 307A). In this example, the grid line 301
may be represented by a haptic effect that is generated
through an impulse drive signal, a periodic drive signal,
a random or pseudo-random drive signal, an arbitrary
drive signal, or any other drive signal. The haptic effect
generated to represent grid line 301 may be superim-
posed on haptic effects generated to represent grid tile
307A and any other grid tile.
In another example, as illustrated in FIG. 9C, a grid tile
(e.g., grid tile 307C) may be superimposed on another
grid tile (e.g., grid tile 307D). In this example, one grid
tile may be represented by a haptic effect generated
through a first drive signal, and the other grid tile may be
represented by a haptic effect generated through a sec-
ond drive signal. If a touch input is at a location that cor-
responds to both tiles, such as at grid tile 307E, a haptic
effect may be generated through a combination of the
first drive signal and the second drive signal.
In an embodiment, a spatial pattern may be combined
with more general surface features. For example, as il-
lustrated in FIG. 9D, spatial pattern components such as
grid lines 301 may be compared with a textured area 308
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that borders the grid lines. In some instances, the grid
lines 301 may be represented through an impulse drive
signal while the textured area 308 may be represented
through a periodic drive signal, a random or pseudo-ran-
dom drive signal, an arbitrary drive signal, or any other
drive signal.
In an embodiment, haptic effects among spatial pattern
components may differ. For example, two haptic effects
corresponding to two spatial pattern components may
have different intensities, different durations, or any com-
bination thereof. Two haptic effects may have different
intensities if their respective drive signals have different
amplitudes. If the two drive signals are periodic drive sig-
nals, they may also create different intensities through
having different frequencies or wave shapes.
Different haptic effects may, for example, emphasize cer-
tain spatial pattern components over other ones. For ex-
ample, as illustrated in FIG. 10A, a location correspond-
ing to grid point 305A may be represented through a more
intense haptic effect compared to a location correspond-
ing to grid point 305B. The more intense haptic effect
may indicate the location corresponding to grid point
305A as a more preferred location for a specific task.
Further, as illustrated in FIG. 10B, different haptic effects
among different grid lines may emphasize one grid line
over another. For example, a more intense haptic effect
may be generated to represent grid line 301A compared
to grid line 301B. Grid line 301A may represent, for ex-
ample, gradations in units of four, while grid line 301B
may represent gradations in units of one. The more in-
tense haptic effect generated for grid line 301A may thus
emphasize the grid line that represents higher-level gra-
dations.
In an embodiment, different haptic effects among differ-
ent spatial pattern components may cause one spatial
pattern component to feel thicker than other spatial pat-
tern components. For example, grid line 301A may be
generated through a haptic effect having greater intensity
or longer duration compared to grid line 301B. In the ex-
ample, grid line 301A may feel thicker than grid line 301B.
In an embodiment, haptic effects for different spatial pat-
tern components may have a relationship in which an
intensity, duration, or any other parameter of the haptic
effects increases in value from one spatial pattern com-
ponent to another. For example, FIG. 10C illustrates a
spatial pattern in which an intensity of haptic effects for
spatial pattern components increases from left to right
on surface 110 and from bottom to top on surface 110,
as represented by lines 301A, which represent a higher
intensity, and lines 301B, which represent a lower inten-
sity. In some cases, the gradient in intensity or duration
may guide a user toward a location corresponding to a
spatial pattern component having a highest intensity.
FIG. 10C, for example, illustrates a gradient in intensity
among spatial pattern components that guides a user
towards a top right corner of surface 110.
In an embodiment, a spatial pattern may represent a user
interface object such as a button, an icon, a window, or

any other object displayed on or otherwise represented
on a user interface surface such as surface 110. For ex-
ample, FIGs. 11A-11B illustrate a button being represent-
ed through a spatial pattern on surface 110. A spatial
pattern component such as tile 301E or tile 301F may
represent a button. When a touch input is at a location
of tile 301E or tile 301F, a haptic effect may be generated
to represent the tile. In an embodiment, the haptic effect
may simulate a texture associated with the button. In an
embodiment, spatial pattern components may guide a
user toward the button. In one example, as illustrated in
FIG. 11A, a grid line such as grid line 301 may guide a
user toward the button associated with tile 301E. As a
user moves horizontally away from grid line 301, the hap-
tic effect representing the grid line may stop, whereas as
the user moves vertically along grid line 301, the haptic
effect representing the grid line may continue. The haptic
effect representing grid line 301 may thus allow a user
to follow the grid line towards the button. In that or another
example, as illustrated in FIG. 11B, grid circles such as
grid circle 303 may surround a button represented by tile
301F. In some instances, the grid circles that are closer
to the button may be spaced more closely. A user may
use haptic effects representing the grid circles to move
from one grid circle to another, toward the button repre-
sented by tile 301F.
In an embodiment, a spatial pattern may represent a bit-
map or other set of pixels, as illustrated in FIGs. 12A-
12B. A group of grid tiles or any other spatial pattern
components may represent the bitmap. The bitmap may
represent a picture, a relief map, or any other information.
In an embodiment, the spatial pattern components may
represent a zoomed-in bitmap, as illustrated in FIG. 12A.
In an embodiment, different haptic effects for different
spatial pattern components may be generated to repre-
sent a different color or different shade of gray. In an
embodiment, a colored or greyscale bitmap may be rep-
resented only through spatial pattern components having
only a first haptic effect or no haptic effect, as illustrated
in FIG. 12B. In the embodiment, the spatial pattern com-
ponents may essentially represent a black-and-white
version of the colored or greyscale bitmap. In such em-
bodiments, the spatial pattern components may provide
a tactile representation of the bitmap. Such a represen-
tation may be useful when surface 110, which displays
the bitmap, is occluded by an object creating the touch
input.
In an embodiment, a spatial pattern may represent text
displayed on a user interface surface, such as surface
110 of FIGs. 13A-13B. For example, each letter may be
represented through a spatial pattern component such
as a rectangular tile or a line. For example, line 301 may
represent the letter "L" in "Lorem." As letters of the text
in FIG. 13A is highlighted by a touch input, a determina-
tion may be made that the touch input is crossing spatial
pattern components that represent the letters. A haptic
effect may be generated for each spatial pattern compo-
nent that is touched by the touch input. In some instances,
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the haptic effects may allow a user to better identify what
letter or other text element is about to be selected and
may thus allow better control in manipulation of the text
element.
In an embodiment, a spatial pattern may correspond to
a keyboard displayed on a user interface surface, such
as surface 110 of FIGs. 14A-14B. For example, a plurality
of grid points may represent the keyboard, with each grid
point representing a key of the keyboard. As illustrated
in FIG. 14B, grid point 305 may represent the "g" key on
the keyboard. In an embodiment, a more intense haptic
effect may be associated with certain spatial pattern com-
ponents. For example, because physical QWERTY key-
boards often have raised surfaces that signify the "F" key
and "J" key, spatial pattern components representing
such keys on a virtual QWERTY keyboard may be rep-
resented through a more intense haptic effect. The spa-
tial pattern may thus provide orientation cues by high-
lighting certain keys having distinct properties.
In an embodiment, a spatial pattern may correspond to
a grid used in gestural unlock. For example, FIG. 15A
illustrates a 3x3 grid that may unlock a device, such as
a mobile device or other computing device, if a touch
input on surface 110 makes a correct path across grid
locations of the 3x3 grid. In the embodiment, grid points
or any other spatial pattern components may correspond
to grid locations of the 3x3 grid. As illustrated in FIG. 15B,
a haptic effect that is generated for a spatial pattern com-
ponent may identify to a user that a corresponding grid
location is being touched. In some instances, the tactile
sensation may allow a user to move faster from one grid
location to another. In an embodiment, the 3x3 grid and
touch input illustrated in FIG. 15A may be hidden from
view, which may provide greater security during unlock-
ing of the device.
In an embodiment, a spatial pattern may represent snap-
ping locations on a user interface surface such as surface
110. For example, FIGs. 16A-16B illustrate grid lines that
may represent locations to which object 13 may be
snapped. Snapping may be used when moving object 13
to different locations, when resizing object 13, or for any
other purpose. In FIG. 16A, each line may represent a
snap location. As object 13 is being moved, a determi-
nation may be made whether object 13 is touching one
of the lines 301. For example, a determination may be
made whether a right side, left side, or some other portion
of object 13 is touching one of the lines 301. In response
to a determination that object 13 has touched one of the
lines, a haptic effect may be generated to indicate pres-
ence of the line. The haptic effect may further indicate
an opportunity to snap object 13 to a location correspond-
ing to the line. For example, the haptic effect may indicate
to a user that if he or she removes a touch input at surface
110, object 13 will snap to a location corresponding to
the line 301. FIG. 16B illustrates snapping an icon or any
other object to a grid location bounded by four lines. In
an embodiment, a haptic effect may be generated in re-
sponse to a determination that the object has touched

one of the four lines or in response to a determination
that the object has crossed one of the four lines and is
bounded by the four lines. The haptic effect may indicate
to a user that if he or she removes a touch input at surface
110, the object will snap to the grid location at which the
object is located.
In an embodiment, a location of a spatial pattern compo-
nent may be dynamic. For example, FIG. 17 illustrates
line 301 used for snapping one object to another on sur-
face 110, such as for snapping one window to another.
In the example, the location of line 301 may be dynamic,
being located at a left edge of one of the windows and
moving as that window moves.
In an embodiment, an intensity of a haptic effect may be
dynamic. As discussed above, the intensity of the haptic
effect may depend on an applied pressure, contact area,
velocity, or any other feature of a touch input. In some
instances, the intensity of the haptic effect may depend
on a system state. For example, FIGs. 18A-18B illustrate
the keyboard of FIG. 14A accepting a Swype-like input
method, where a user may input a word through a touch
input that slides from letter to letter, lifting only between
words. In the example, the system state may indicate
letters that have already been touched by the touch input,
such as the letters "h", "i", and "d." A spatial pattern com-
ponent such as a grid point 305 may represent the next
letter that is touched. An intensity of a haptic effect rep-
resenting that spatial pattern component may be based
on the system state. For example, the intensity may be
based on a likelihood that the letter "e", which corre-
sponds to the spatial pattern component, is part of a word
being tracked by the system state. The haptic effect may
thus have a higher level, because the letter "e" forms the
word "hide", as compared to the touch input touching
another letter such as "c" or "j".
In an embodiment, a haptic effect may be generated to
facilitate more general snapping or scrolling operations
on a user interface. For example, as illustrated in FIG.
19A, a haptic effect may be generated when an object
such as a text window 1901 has been zoomed or other-
wise enlarged to a threshold size. In some instances, the
threshold may correspond to an optimal level of zooming.
The optimal level may, for example, provide optimal read-
ability of text on a website.
FIG. 19B illustrates a haptic effect being generated when
an object such as a text window 1902 has been scrolled
past a threshold position. In some instances, the thresh-
old may correspond to an optimal position at which to
stop the scrolling. For example, the optimal location may
correspond to one at which a header in a text window
object is placed at the top of the text window.
One or more operations of the one or more methods dis-
closed herein may be implemented as one or more in-
structions stored on a computer-readable medium and
executed by one or more processors. For example, the
one or more operations may be implemented through
firmware or software code stored on RAM, ROM,
EPROM, flash memory, a hard drive, or any other com-
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puter-readable medium.
Although the invention has been described in detail for
the purpose of illustration based on what is currently con-
sidered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for
that purpose and that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended
to cover modifications and equivalent arrangements that
are within the scope of the appended claims. For exam-
ple, it is to be understood that the present invention con-
templates that, to the extent possible, one or more fea-
tures of any embodiment can be combined with one or
more features of any other embodiment.
Embodiments of the present invention have been de-
scribed with particular reference to the examples illus-
trated. However, it will be appreciated that variations and
modifications may be made to the examples described
within the scope of the present invention.
[0040] The methods described herein may be embod-
ied in one or more pieces of software. The software is
preferably held or otherwise encoded upon a memory
device such as, but not limited to, any one or more of, a
hard disk drive, RAM, ROM, solid state memory or other
suitable memory device or component configured to soft-
ware. The methods may be realised by executing/running
the software. Additionally or alternatively, the methods
may be hardware encoded.
[0041] The methods encoded in software or hardware
are preferably executed using one or more processors.
The memory and/or hardware and/or processors are
preferably comprised as, at least part of, one or more
servers and/or other suitable computing systems.

Claims

1. A method of producing a haptic effect, comprising:

receiving information indicative of a location of
a touch input at a surface (110);
determining whether the location of the touch
input corresponds with a location of one of mul-
tiple spatial pattern components (301, 301A,
301B, 301E, 301F, 303, 304, 305, 307A, 307B)
represented at multiple locations on the surface;
generating a drive signal (201, 203, 500); and
applying, in response to determining that the lo-
cation of the touch input corresponds with the
location of the one of the multiple spatial pattern
components, the drive signal to a haptic output
device (120) that is configured to produce a hap-
tic effect at the surface.

2. A method according to claim 1, wherein the surface
(110) at which the touch input is received is a surface
of an interface device (100), wherein the interface
device comprises a display, the method further com-
prising displaying the multiple spatial pattern com-

ponents (301, 301A, 301B, 301E, 301F, 303, 304,
305, 307A, 307B) on the display, wherein the multi-
ple spatial pattern components are selected from the
group consisting of lines, points, tiles, and concentric
circles.

3. A method according to claim 2, wherein said display-
ing the multiple spatial pattern components (301,
301A, 301B, 301E, 301F, 303, 304, 305, 307A,
307B) comprises displaying the multiple spatial pat-
tern components to be unevenly spaced on the dis-
play of the interface device (100).

4. A method according to claim 2, wherein the multiple
spatial pattern components (301, 301A, 301B, 301E,
301F, 303, 304, 305, 307A, 307B) comprise multiple
points (305), the method further comprising display-
ing a keyboard on the display, wherein each of the
multiple points corresponds to a corner of one or
more of the multiple keys of the keyboard.

5. A method according to claim 2, wherein the multiple
spatial pattern components (301, 301A, 301B, 301E,
301F, 303, 304, 305, 307A, 307B) comprise multiple
tiles (307), wherein the multiple tiles correspond with
multiple pixels of a bitmap, wherein the location of
the touch input corresponds with a location of one
of the multiple pixels, and wherein said generating
the drive signal (201, 203, 500) is based on the one
of the multiple pixels.

6. A method according to any of claims 2 - 5, wherein
the interface device (100) comprises a display, the
method further comprising displaying zooming of a
display area on the display in response to detecting
the touch input, the method further comprising ap-
plying the drive signal to the haptic output device
(120) in response to determining that a size of the
display area being zoomed has reached a predeter-
mined level.

7. A method according to any of claims 2 - 6, wherein
said generating the drive signal (201, 203, 500) is
based on an applied pressure or on a contact area
associated with the touch input.

8. A method of producing a haptic effect, comprising:

detecting a touch input on a surface (110);
receiving information indicative of a location of
a virtual object being moved by the touch input
on the surface;
determining whether the location of the virtual
object corresponds with a location of one of mul-
tiple spatial pattern components (301, 301A,
301B, 301E, 301F, 303, 304, 305, 307A, 307B)
represented at multiple locations on the surface;
generating a drive signal (201, 203, 500); and,
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applying, in response to determining that the lo-
cation of the virtual object corresponds with the
location of the one of the multiple spatial pattern
components, the drive signal to a haptic output
device (120) that is configured to produce a hap-
tic effect at the surface.

9. A method according to claim 8, wherein the surface
(110) at which the touch input is received is a surface
of an interface device (100), wherein the interface
device comprises a display, the method further com-
prising displaying the virtual object on the display,
wherein said generating the drive signal is based on
a degree of overlap on the display between the virtual
object and the one of the multiple spatial pattern com-
ponents (301, 301A, 301B, 301E, 301F, 303, 304,
305, 307A, 307B), and wherein the haptic output de-
vice comprises an electrostatic output device.

10. A haptic effect enabled device (100), comprising:

a haptic output device (120) configured to pro-
duce a haptic effect at a surface;
a drive module (130) configured to:

receive information indicative of a location
of a touch input at the surface (110);
determine whether the location of the touch
input corresponds with a location of one of
multiple spatial pattern components (301,
301A, 301B, 301E, 301F, 303, 304, 305,
307A, 307B) represented on the surface;
generate a drive signal (201, 203, 500); and

a drive circuit (125) operatively coupled to the
drive module and the haptic output device and
configured to apply the drive signal to the haptic
output device in response to the determination
that the location of the touch input corresponds
with the location of the one of the multiple spatial
pattern components.

11. A haptic effect enabled device (100) according to
claim 10, wherein the haptic effect enabled device
(100) is an interface device, and wherein the surface
(110) at which the touch input is received is a surface
of the interface device, the interface device further
comprising a display configured to display the mul-
tiple spatial pattern components (301, 301A, 301B,
301E, 301F, 303, 304, 305, 307A, 307B), wherein
the multiple spatial pattern components are selected
from the group consisting of lines, points, tiles, and
concentric circles.

12. A haptic effect enabled device (100) according to
claim 11, wherein the display is configured to display
the multiple pattern components (301, 301A, 301B,
301E, 301F, 303, 304, 305, 307A, 307B) to be une-

venly spaced.

13. A haptic effect enabled device (100) according to
claims 11 or 12, wherein the multiple spatial pattern
components (301, 301A, 301B, 301E, 301F, 303,
304, 305, 307A, 307B) comprise multiple points
(305), wherein the display is further configured to
display a keyboard, wherein each of the multiple
points corresponds to a corner of one or more of the
multiple keys of the keyboard.

14. A haptic effect enabled device (100) according to
any of claims 11 - 13, wherein the multiple spatial
pattern components (301, 301A, 301B, 301E, 301F,
303, 304, 305, 307A, 307B) comprise multiple tiles
(307), wherein the multiple tiles correspond with mul-
tiple pixels of a bitmap, wherein the location of the
touch input corresponds with a location of one of the
multiple pixels, and wherein the drive module is con-
figured to generate the drive signal (201, 203, 500)
based on the one of the multiple pixels.

15. A haptic effect enabled device (100) according to
any of claims 11 - 14, further comprising a display
configured to display zooming of a display area on
the display in response to the haptic effect enabled
device detecting the touch input, and wherein the
drive circuit (125) is further configured to apply the
drive signal (201, 203, 500) to the haptic output de-
vice in response to determining that a size of the
display area being zoomed has reached a predeter-
mined level.

16. A haptic effect enabled device (100) according to
any of claims 11 - 15, wherein the drive module is
configured to generate the drive signal (201, 203,
500) based on an applied pressure or on a contact
area associated with the touch input.

17. A haptic effect enabled device (100), comprising:

a haptic output device (120) configured to pro-
duce a haptic effect at a surface (110);
a drive module (130) configured to:

receive information indicative of a location
of a virtual object being moved by a touch
input received at the surface;
determine whether the location of the virtual
object corresponds with a location of one of
multiple spatial pattern components (301,
301A, 301B, 301E, 301F, 303, 304, 305,
307A, 307B) represented at multiple loca-
tions on the surface; and
generate a drive signal (201, 203, 500);

a drive circuit (125) operatively coupled to the
haptic output device and the drive module and
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to apply, in response to the determination that
the location of the virtual object corresponds with
the location of the one of the multiple spatial pat-
tern components, the drive signal to the haptic
output device.

18. A haptic effect enabled device (100) according to
claim 17, wherein the haptic effect enabled device
is an interface device, and wherein the surface (110)
at which the touch input is received is a surface of
the interface device, the interface device further
comprising a display configured to display the mul-
tiple spatial pattern components (301, 301A, 301B,
301E, 301F, 303, 304, 305, 307A, 307B), wherein
the drive module is configured to generate the drive
signal (201, 203, 500) based on a degree of overlap
on the display between the virtual object and the one
of the multiple spatial pattern components, and
wherein the haptic output device (120) comprises an
electrostatic output device.
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