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(57) ABSTRACT

A haptic effect enabled device for producing a haptic effect.
In some cases, the haptic effect may represent a component of
a spatial pattern represented on a surface of the haptic effect
enabled device. In some cases, the haptic effect enabled
device may comprise a haptic output device, a drive module,
and a drive circuit. 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 components of the spatial
pattern. The drive module may generate a drive signal that the
drive circuit then applies to the haptic output device to gen-
erate the haptic effect.
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METHOD AND APPARATUS FOR
PROVIDING HAPTIC CUES FOR GUIDANCE
AND ALIGNMENT WITH ELECTROSTATIC
FRICTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority from
U.S. Provisional Patent Application No. 61/728,718, filed
Nov. 20, 2012 and incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The invention relates to a method and apparatus for
simulating surface features on a user interface with haptic
effects.

BACKGROUND OF THE INVENTION

[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 mov-
ing the object to precise locations on the display screen
because such locations are not identified 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.

SUMMARY

[0004] 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 pattern components
that are represented at multiple locations on the surface. A
drive signal may be generated. The drive signal may be
applied to a haptic output device in response to the determi-
nation that the location of the touch input corresponds with
the location of the one of the multiple spatial pattern compo-
nents. The haptic output device may be driven to produce a
haptic effect at the surface.

[0005] 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 receiv-
ing 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 multiple locations
on the surface. A drive signal may be generated, and may be
applied to a haptic output device in response to a determina-
tion that the location of the virtual object corresponds with the
location of the one of the multiple spatial pattern components.
[0006] In an embodiment, the spatial pattern components
may be selected from the group consisting of lines, points,
tiles, and concentric circles.

[0007] 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 information
indicative of a location of a touch input at the surface. The
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drive module may determine whether the location corre-
sponds with a location of one of multiple spatial pattern
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 response to the
determination that the location of the touch input corresponds
with the location of the one of the multiple spatial pattern
components.

[0008] According to an aspect of the present invention,
there is provided a haptic effect enabled device that is con-
figured 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 location of a
virtual object being moved by a touch input received at the
surface. The drive module may further be configured to deter-
mine 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. The drive
module may further be configured 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.
[0009] These and other aspects, features, and characteris-
tics of the present invention, as well as the methods of opera-
tion and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration 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 expressly understood, however, that
the drawings are for the purpose of illustration and descrip-
tion 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 ref-
erents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components of the following Figures are illus-
trated to emphasize the general principles of the present dis-
closure 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.

[0011] FIGS. 1A-1B schematically illustrate an apparatus
in accordance with an embodiment of the invention;

[0012] FIGS. 2A-2C schematically illustrate spatial pat-
terns that may be generated on a surface of the apparatus of
FIG. 1A;

[0013] FIGS. 3A-3C schematically illustrate spatial pat-
terns that may be generated on the surface of the apparatus of
FIG. 1A;

[0014] FIGS. 4A-4C schematically illustrate spatial pat-
terns that may be generated on the surface of the apparatus of
FIG. 1A;

[0015] FIGS. 5A-5B schematically illustrate spatial pat-
terns that may be generated on the surface of the apparatus of
FIG. 1A;

[0016] FIGS. 5C-5D schematically illustrate embodiments
of haptic drive signals that may be used to generate haptic
effects that simulate a texture;
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[0017] 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 apparatus;

[0018] 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;

[0019] FIGS. 8A-8C schematically illustrate the apparatus
of FIG. 1A generating a haptic effect based on a degree of
applied pressure;

[0020] FIGS. 9A-9D schematically illustrate superposition
of spatial pattern components on the surface of the apparatus
of FIG. 1A;

[0021] FIGS.10A-10C schematically illustrate spatial pat-
tern components that may be generated with different inten-
sities at the surface of the apparatus of FIG. 1A;

[0022] FIGS. 11A-11B schematically illustrate a button
represented through spatial pattern components on the sur-
face of the apparatus of FIG. 1A;

[0023] FIGS. 12A-12B schematically illustrate a plurality
of pixels represented through spatial pattern components on
the surface of the apparatus of FIG. 1A;

[0024] FIGS. 13A-13B schematically illustrate text repre-
sented through spatial pattern components on the surface of
the apparatus of FIG. 1A;

[0025] FIGS. 14A-14B schematically illustrate a keyboard
represented through spatial pattern components on the sur-
face of the apparatus of FIG. 1A;

[0026] FIGS. 15A-15B schematically illustrate a gestural
unlock movement across spatial pattern components on the
surface of the apparatus of FIG. 1A;

[0027] FIGS. 16A-16B schematically illustrate one or
more snap locations represented by one or more spatial pat-
tern components on the surface of the apparatus of FIG. 1A;
[0028] FIG. 17 schematically illustrates a spatial pattern
component with a dynamic location based on a location of an
object displayed on the surface of the apparatus of FIG. 1A;
[0029] FIGS. 18A-18B schematically illustrate a spatial
pattern 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

[0030] FIGS. 19A-19B schematically illustrate a haptic
effect that is generated based on a size of content displayed on
the surface of the apparatus of FIG. 1A.

DETAILED DESCRIPTION

[0031] FIG. 1A illustrates an embodiment of a haptic effect
enabled user interface device 100 that may generate 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 sur-
face feature may be a simulated texture, spatial pattern, edge
or border, or any other tactile sensation, whether natural or
artificial, of surface 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 pattern. In an embodiment, surface 110 may be a touch
screen that displays an image corresponding to the simulated
surface feature, such as an image of spatial pattern compo-
nents of the spatial pattern. In an embodiment, surface 110
may be a touch pad that corresponds to a display of the image,
or any other touch interface.
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[0032] Device 100 may include a mobile phone, tablet
computer, television, electronic display, touch pad, or any
other electronic user interface device.

[0033] Inanembodiment, device 100 may comprise a hap-
tic 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 module 130 may include a controller,
which may include one or more processors, 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 actuator), an electrostatic device, or any other hap-
tic output device. The ultrasonic vibration device may, in
some instances, reduce a level of friction at surface 110.
Haptic drive module 130 may be operatively coupled to hap-
tic output device 120, which may be operatively coupled to
surface 110. Haptic output devices are discussed in more
detail in U.S. patent application Ser. No. 13/092,269, titled
“Electro-vibrotactile Display,” filed Apr. 22, 2011, and pub-
lished on Oct. 25, 2012 as United States Patent Application
Publication No. 2012/0268412, the entire content of which is
incorporated herein by reference.

[0034] In an embodiment, haptic drive module 130 and
haptic output device 120 may simulate surface features at
surface 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 electrostatic device may
control a level of friction through applying a voltage to or
underneath surface 110. An alternating voltage signal, for
example, may create a capacitive 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 Ser. No. 13/092,269, titled “Electro-vibro-
tactile Display,” filed Apr. 22, 2011, and published on Oct. 25,
2012 as United States Patent Application Publication No.
2012/0268412, the entire content of which is incorporated
herein by reference. As described in that application, an elec-
trostatic device may, in an embodiment, be used with a sur-
face 110 that includes a conductive layer having one or more
electrodes and that includes an insulating layer. The conduct-
ing layer may be any semiconductor or other conductive
material. The insulating layer may be glass, plastic (e.g.,
thermoplastic), polymer, or any other insulating layer. The
electrostatic device 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
signal may be generated by a high-voltage amplifier.

[0035] The capacitive coupling may control a level of fric-
tion 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
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different level of friction than surrounding regions may rep-
resent a spatial pattern component, a texture, or any other
surface feature.

[0036] 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, surface 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 conduc-
tive path. Simulating a texture through a periodic or other
haptic effect is discussed in more detail in U.S. patent appli-
cation Ser. No. 13/665,526, titled “Method and Apparatus for
Simulating Surface Features on a User Interface with Haptic
Effects,” filed Oct. 31, 2012, the entire content of which is
incorporated herein by reference.

[0037] Inan 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 voltage-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.
[0038] Inan embodiment, a user may perceive a simulated
spatial pattern on an object both through an electrostatic
effect 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 electronic user interface
device may create an augmented reality experience by dis-
playing 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 touch-
ing the object and by seeing the graphical representation of
the spatial pattern overlaid on the object on the electronic user
interface.

[0039] Inan embodiment, haptic drive module 130 may be
configured 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 devices. 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
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effect based on haptic drive signal 201 may include a vibra-
tion that that has a frequency and amplitude matching haptic
drive signal 201. The periodic haptic effect may vary accord-
ing to a sinusoidal waveform, as illustrated in FIG. 1A, a
square, triangular, or sawtooth waveform, or any other peri-
odic waveform. For example, a periodic electrostatic effect
may be generated by an AC voltage having a sinusoidal,
square, triangular, sawtooth, or any other waveform.

[0040] 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 peri-
odic haptic effect as finger 10 or any other object creating a
touch input moves across surface 110. For example, as illus-
trated in FIG. 1B, a haptic drive signal 203 may be altered so
that haptic drive signal 203 has a greater frequency as com-
pared to haptic drive signal 201 of FIG. 1A. Generating peri-
odic haptic effects is discussed in more detail in U.S. patent
application Ser. No. 13/665,526, titled “Method and Appara-
tus for Simulating Surface Features on a User Interface with
Haptic Effects,” filed Oct. 31, 2012, the entire content of
which is incorporated herein by reference.

[0041] In an embodiment, a spatial pattern may comprise
an arrangement of one or more spatial pattern components,
which may include lines, circles, points, ortiles. For example,
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 haptic effects. In an embodiment, each spatial pattern
component 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.

[0042] Inanembodiment, grid lines or other spatial pattern
components 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 unevenly
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 a predeter-
mined relationship, such as a polynomial or exponential rela-
tionship. For example, spacing between a pair of grid lines in
FIG. 2C may be double that of spacing between an adjacent
pair of grid lines.

[0043] 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 coor-
dinate position, such as a radius coordinate. For example,
FIG. 3A illustrates a plurality of concentric grid circles that
may each correspond to one of a plurality of radius coordi-
nates. FIG. 3B further illustrates a spatial pattern that may
combine circles with lines. In some instances, each circle may
correspond to a radius coordinate and each line may corre-
spond to an angle coordinate. In such instances, the concen-
tric grid circles and grid lines may represent positions on
surface 110 through a polar coordinate system. While FIGS.
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3A-3B illustrate concentric circles that are evenly spaced,
FIG. 3C illustrates that a spatial pattern may comprise circles
that are unevenly spaced, that are not concentric, or any
combination thereof. As further illustrated in FIG. 3C, a spa-
tial pattern may more generally comprise one or more ellip-
tical spatial pattern components 304. A spatial pattern com-
ponent 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 rep-
resent only part of the spatial pattern component on the
device’s surface. In an embodiment, two spatial pattern com-
ponents, such as two grid circles, or more generally two grid
ellipses, may intersect.

[0044] 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 represent one or more
coordinate positions, such as an X-coordinate and a Y-coor-
dinate. 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
represent only a portion of a surface of'a user interface device.
[0045] 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.

[0046] 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.
[0047] 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 signal. In an embodi-
ment, as illustrated in FIG. 5A, atile such as tile 307B may be
associated with no haptic effect so as to provide contrast with
tile 307A. In an embodiment, 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 amplitude,
any other different property, or any combination thereof. A
grid tile may have a shape that comprises a circle, an ellipse,
arectangle, a square, atriangle, a hexagon, or any other shape.
[0048] 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. Sto-
chastic effects of the random or pseudo-random signal may
add realism to a simulated surface feature. In an embodiment,
the random or pseudo-random signal may be used alone in
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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 values of natural phenomena, from a Gabor
function, a random number generator, or any other technique.

[0049] 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 developer. Portions of the arbitrary drive sig-
nal 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.

[0050] 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 illus-
trated in the Figures. In an embodiment, as illustrated in FI1G.
6A, a background haptic effect Al may be generated when a
touch input is detected. For example, when a touch input is
detected on surface 110, a background periodic electrostatic
effect or vibration may be generated. The background haptic
effect A1 may have an intensity that is lower (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 intensity 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 component. 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. FI1G.
6B further illustrates an embodiment in which no background
haptic effect is generated so that a haptic effect is only pro-
vided when the touch input is at the location of the spatial
pattern component.

[0051] 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 manipulated by
atouch input. Object 11 may be an icon, a window, a drawing,
an avatar, or any other object displayed on surface 110. The
touch input may manipulate the object through lateral move-
ment, vertical movement, rotation, any other manipulation, or
any combination thereof. In the embodiment illustrated in
FIG. 7, a haptic effect representing a spatial pattern compo-
nent may be generated when object 11 touches the spatial
pattern component. 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 spatial
pattern component. For example, a haptic effect may be gen-
erated 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
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on a degree of overlap between the spatial pattern and object
11. If a spatial pattern component 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.

[0052] In an embodiment, an intensity of a haptic effect
representing a spatial pattern component may be based on an
applied force or pressure. For example, FIGS. 8 A-8C illus-
trate 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 threshold, 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 exceeds the dynamic or predetermined threshold,
as illustrated in FIGS. 8B-8C, the haptic effect generated to
represent 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, acceleration, 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.

[0053] In an embodiment, a spatial pattern may combine
different 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 locations. For example, FIG. 9A illustrates grid
points 305 superimposed on grid lines 301. The haptic effect
representing 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.

[0054] 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 307 A). 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 superimposed on haptic effects gener-
ated to represent grid tile 307A and any other grid tile.

[0055] Inanother 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 second drive signal. If a
touch input is at a location that corresponds to both tiles, such
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as at grid tile 307E, a haptic effect may be generated through
a combination of the first drive signal and the second drive
signal.

[0056] In an embodiment, a spatial pattern may be com-
bined with more general surface features. For example, as
illustrated in FIG. 9D, spatial pattern components such as grid
lines 301 may be compared with a textured area 308 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-random drive signal, an arbitrary
drive signal, or any other drive signal.

[0057] Inanembodiment, haptic effects among spatial pat-
tern components may differ. For example, two haptic effects
corresponding to two spatial pattern components may have
different intensities, different durations, or any combination
thereof. Two haptic effects may have different intensities if
their respective drive signals have different amplitudes. If the
two drive signals are periodic drive signals, they may also
create different intensities through having different frequen-
cies or wave shapes.

[0058] Different haptic effects may, for example, empha-
siZe certain spatial pattern components over other ones. For
example, as illustrated in FIG. 10 A, a location corresponding
to grid point 305A may be represented through a more intense
haptic effect compared to a location corresponding to grid
point 305B. The more intense haptic effect may indicate the
location corresponding to grid point 305 A 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 301 A may rep-
resent, for example, gradations in units of four, while grid line
301B may represent gradations in units of one. The more
intense haptic effect generated for grid line 301A may thus
emphasize the grid line that represents higher-level grada-
tions.

[0059] In an embodiment, different haptic effects among
different spatial pattern components may cause one spatial
pattern component to feel thicker than other spatial pattern
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 example, grid line
301A may feel thicker than grid line 301B.

[0060] In an embodiment, haptic effects for different spa-
tial pattern 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 component
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 intensity. In some cases, the gradient
in intensity or duration may guide a user toward a location
corresponding to a spatial pattern component having a high-
est 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.

[0061] Inanembodiment, 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 example,
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FIGS. 11 A-11B illustrate a button being represented through
a spatial pattern on surface 110. A spatial pattern component
such as tile 301F 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 embodi-
ment, 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 haptic
effect representing the grid line may stop, whereas as the user
moves vertically along grid line 301, the haptic effect repre-
senting the grid line may continue. The haptic effect repre-
senting grid line 301 may thus allow a user to follow the grid
line towards the button. In that or another example, as illus-
trated 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 represented by tile 301F.

[0062] Inanembodiment, a spatial pattern may represent a
bitmap 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 pic-
ture, a relief map, or any other information. In an embodi-
ment, the spatial pattern components may represent a
zoomed-in bitmap, as illustrated in FIG. 12A. In an embodi-
ment, different haptic effects for different spatial pattern com-
ponents may be generated to represent a different color or
different shade of gray. In an embodiment, a colored or grey-
scale bitmap may be represented 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 components may essentially represent a black-
and-white version of the colored or greyscale bitmap. In such
embodiments, the spatial pattern components may provide a
tactile representation of the bitmap. Such a representation
may be useful when surface 110, which displays the bitmap,
is occluded by an object creating the touch input.

[0063] 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 repre-
sented through a spatial pattern component such as a rectan-
gular 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 determination may be made
that the touch input is crossing spatial pattern components
that represent the letters. A haptic eftect may be generated for
each spatial pattern component that is touched by the touch
input. In some instances, the haptic eftects may allow auserto
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.

[0064] Inanembodiment, 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 thekeyboard. As illustrated in F1G. 14B,
grid point 305 may represent the “g” key on the keyboard. In
an embodiment, a more intense haptic effect may be associ-
ated with certain spatial pattern components. For example,
because physical QWERTY keyboards often have raised sur-
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faces that signify the “F” key and “J” key, spatial pattern
components representing such keys on a virtual QWERTY
keyboard may be represented through a more intense haptic
effect. The spatial pattern may thus provide orientation cues
by highlighting certain keys having distinct properties.
[0065] Inanembodiment, 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
33 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 component 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
unlocking of the device.

[0066] In an embodiment, a spatial pattern may represent
snapping 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 determination 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 presence of the line. The haptic effect may further
indicate an opportunity to snap object 13 to a location corre-
sponding 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 response 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.

[0067] In an embodiment, a location of a spatial pattern
component may be dynamic. For example, FIG. 17 illustrates
line 301 used for snapping one object to another on surface
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.

[0068] 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. 18 A-18B illustrate the key-
board 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






