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ABSTRACT

A system includes a sensor configured to sense relative
movement between a surface and a user's skin; a haptic
output device configured to generate a haptic effect at the
Surface; and a processor configured to receive an input
signal from the sensor indicating the sensed movement
between the surface and the skin of the user, determine

whether a notification is to be sent to the user, and output an
output signal, based on the notification, to the haptic output
device to generate the haptic effect if it is determined that the
notification is to be sent to the user.

24 Claims, 11 Drawing Sheets
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2
wearable device is selected from the group consisting of a
watch, a bracelet, a necklace, and eye glasses.

SYSTEMS AND METHODS FOR PROVIDING
HAPTIC NOTIFICATIONS

In an embodiment, the notification is based on at least one

parameter selected from the group consisting of time,
priority, and quantity.
According to an aspect of the present invention, there is
provided a method that includes sensing movement between
a surface and a user's skin; determining whether a notifica
tion is to be sent to the user; and generating a haptic effect

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority from U.S.
Provisional Patent Application No. 61/922,600, filed Dec.
31, 2013, the entire content of which is incorporated herein
by reference.
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FIELD

The present invention is related to systems and methods
for providing haptic notifications.

15

BACKGROUND

feedback in the form of a vibration as confirmation that the

25

BRIEF DESCRIPTION OF THE DRAWINGS

35

40

FIG. 2 is a schematic illustration of a processor of the
system of FIG. 1;
FIG. 3 is a schematic illustration of input/output devices
of the system of FIG. 1 in accordance with embodiments of
the invention;

45

relative movement between a surface and a user's skin; a

FIG. 4A-4E illustrate surfaces of objects against which a
users hands rest for implementations of embodiments of the
invention;
FIGS. 5A-5D illustrate Surfaces of wearable articles that

users wear for implementations of embodiments of the
invention;
50

whether a notification is to be sent to the user, and output an
output signal, based on the notification, to the haptic output
device to generate the haptic effect if it is determined that the

FIGS. 6A-6D illustrate surfaces of handheld objects that
users hold for implementations of embodiments of the
invention;
FIGS. 7A-7C illustrate embodiments of the invention as

implemented in Supporting Surfaces;

notification is to be sent to the user.

In an embodiment, the haptic output device includes an
electrostatic friction output device and the haptic effect is a
change in friction of the Surface. In an embodiment, the
haptic effect includes ultrasonic vibrations. In an embodi
ment, the haptic output device is configured to deform the
surface to provide the haptic effect.
In an embodiment, the Surface is on a housing of a
computer. In an embodiment, the notification includes a low
battery warning. In an embodiment, the notification provides
an indication of a number of unread messages in the user's

55

inbox.

65

In an embodiment, the Surface and the haptic output
device are part of a wearable device. In an embodiment, the

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 nec
essary throughout the Figures for the sake of consistency
and clarity.
FIG. 1 is a schematic illustration of a system in accor
dance with embodiments of the invention;

haptic output device configured to generate a haptic effect at
the Surface; and a processor configured to receive an input
signal from the sensor indicating the sensed movement
between the surface and the skin of the user, determine

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
referents unless the context clearly dictates otherwise.

30

SUMMARY

According to an aspect of the present invention, there is
provided a system that includes a sensor configured to sense

In an embodiment, generating the haptic effect includes
changing friction of the Surface. In an embodiment, gener
ating the haptic effect includes deforming the Surface.
These and other aspects, features, and characteristics of
the present invention, as well as the methods of operation
and functions of the related elements of structure and the

Haptic feedback may currently be provided to a user when
the user is actively using a device that includes a haptic
output device configured to generate a haptic effect to the
user. For example, when a user touches a touch screen to
provide an input to a device that includes a haptic output
device, such as a Smartphone, the user may receive haptic
input was successfully received by the device.
During the course of a typical day, people routinely
interact with various Surfaces of objects in a manner in
which their skin slides against Such surfaces, perhaps with
out even knowing it. For example, when typing on a
keyboard of a computer, a person often rests the palms of
his/her hands on the top surface of the table supporting the
keyboard or on the top surface of the housing of a laptop,
depending on the type of computer being used. Movement
of the person’s fingers on the keyboard causes the palms to
slide against the Surface Supporting the palms.
It is desirable to use such interactions with typically
passive surfaces to provide information, such as notifica
tions, to users through haptic feedback by augmenting a
wide range of devices with haptic output devices.

at the surface if it is determined that the notification is to be
sent to the user.

FIGS. 8A-8D illustrate embodiments of the invention as

implemented in eyeglasses;
FIGS. 9A and 9B illustrate embodiments of the invention

as implemented in wearable articles;
FIGS. 10A-10D illustrate embodiments of the invention
60

as implemented in handheld objects; and
FIG. 11 illustrates an embodiment of the invention as

implemented in a conveyor belt.
DETAILED DESCRIPTION

FIG. 1 is a schematic illustration of a system 100 in
accordance with an embodiment of the invention. As illus

US 9,529,435 B2
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3
trated, the system 100, which may be in the form of an
electronic device, includes a processor 110, a memory
device 120, and input/output devices 130, which are inter
connected via a bus 140. In an embodiment, the input/output
devices 130 may include at least one sensor 150 and at least
one haptic output device 160 and/or other human-computer

tion, deformation, vibration, kinesthetic sensations, etc. In

an embodiment, the haptic output device 160 may include
non-mechanical or non-vibratory devices such as those that
use electrostatic friction (ESF), ultrasonic surface friction
(USF), or those that induce acoustic radiation pressure with
an ultrasonic haptic transducer, or those that use a haptic

interface devices.

The processor 110 may be a general-purpose or specific
purpose processor or microcontroller for managing or con
trolling the operations and functions of the system 100. For
example, the processor 110 may be specifically designed as
an application-specific integrated circuit (ASIC) to control
output signals to a driver of the input/output devices 130 to
provide haptic effects. The processor 110 may be configured
to decide, based on predefined factors, what haptic effects
are to be generated based on a haptic signal received or
determined by the processor 110, the order in which the
haptic effects are generated, and the magnitude, frequency,
duration, and/or other parameters of the haptic effects. The
processor 110 may also be configured to provide streaming
commands that can be used to drive the haptic output device
160 for providing a particular haptic effect. In some embodi
ments, the processing device 110 may actually include a
plurality of processors, each configured to perform certain
functions within the electronic device 100. The processor

substrate and a flexible or deformable surface, or those that

10

15

tro-static actuator, an electrotactile actuator, and/or another

type of actuator that provides a physical feedback Such as a
haptic (e.g., vibrotactile) feedback. Multiple haptic output
devices 160 may be used to generate different haptic effects,
so that different notifications may be communicated to the
user at the same Surface.
25

110 is described in further detail below.

The memory device 120 may include one or more inter
nally fixed storage units, removable storage units, and/or
remotely accessible storage units. The various storage units
may include any combination of Volatile memory and non
Volatile memory. The storage units may be configured to
store any combination of information, data, instructions,
Software code, etc. More particularly, the storage devices
may include haptic effect profiles, instructions for how the
haptic output device 160 of the input/output devices 130 is
to be driven, or other information for generating haptic

30
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45

network.

The sensor 150 may be configured as any suitable input
device configured to sense movement of a user's skin
against a surface at which the sensor 150 is located, as
described in further detail below. The sensor 150 may sense
the presence of a person’s skin through capacitive, resistive,
or inductive coupling, but is not limited to those techniques.
The haptic output device 160 is configured to provide
haptic feedback to at least a portion of the system 100, which
can be conveyed to a user in contact with the system 100.
Particularly, the haptic output device 160 may provide haptic
feedback to a surface of the input/output devices 130 to
impose a haptic effect when the user is in contact with the
surface, as described in further detail below. The haptic
effects may be used to enhance the user experience when
interacting with the system 100 and or provide information
The haptic effects may be created with any of the methods
of creating haptics, such as electrostatic or ultrasonic fric

FIG. 2 illustrates an embodiment of the processor 110 in
more detail. The processor 110 may be configured to execute
one or more computer program modules. The one or more
computer program modules may include one or more of a
sensor module 112, a determination module 114, a haptic
output device control module 116, and/or other modules.
The processor 110 may also include electronic storage 118,
which may be the same as the memory device 120 or in
addition to the memory device 120. The processor 110 may
be configured to execute the modules 112, 114, and/or 116
by Software, hardware, firmware. Some combination of
Software, hardware, and/or firmware, and/or other mecha
nisms for configuring processing capabilities on processor
110.

50
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to the user in the form of a notification, as described in
further detail below.

The system 100 may be provided to or be part of any
object having a Surface that routinely comes into contact
with a user's skin. For example, the system may be part of
a desktop computer, laptop computer, electronic workbook,
electronic handheld device (such as a mobile phone, Smart
phone, gaming device, personal digital assistant ("PDA),
portable e-mail device, portable Internet access device,
calculator, etc.), game controller, wearable device, or a
Support that does not normally include an electronic device,
such as a table or chair. Examples of implementations of the
system 100 according to embodiments of the invention are
described in further detail below.

35

effects.

The bus 140 may be configured to allow signal commu
nication between the various components of the system 100
and also to access information from remote computers or
servers through, for example, a network. The network may
include any one or more of for instance, the Internet, an
intranet, a PAN (Personal Area Network), a LAN (Local
Area Network), a WAN (Wide Area Network), a SAN
(Storage Area Network), a MAN (Metropolitan Area Net
work), a wireless network, a cellular communications net
work, a Public Switched Telephone Network, and/or other

provide projected haptic output Such as a puff of air using an
air jet, and so on. In an embodiment, the haptic output device
160 may include an actuator, for example, an electromag
netic actuator such as an Eccentric Rotating Mass (“ERM)
in which an eccentric mass is moved by a motor, a Linear
Resonant Actuator (“LRA) in which a mass attached to a
spring is driven back and forth, or a "smart material” Such
as piezoelectric materials, electro-active polymers or shape
memory alloys, a macro-composite fiber actuator, an elec

65

It should be appreciated that although modules 112, 114,
and 116 are illustrated in FIG. 2 as being co-located within
a single processing unit, in embodiments in which the
processor 110 includes multiple processing units, one or
more of modules 112, 114, and/or 116 may be located
remotely from the other modules. The description of the
functionality provided by the different modules 112, 114,
and/or 116 described below is for illustrative purposes, and
is not intended to be limiting, as any of the modules 112,
114, and/or 116 may provide more or less functionality than
is described. For example, one or more of the modules 112,
114, and/or 116 may be eliminated, and some or all of its
functionality may be provided by other ones of the modules
112, 114, and/or 116. As another example, the processor 110
may be configured to execute one or more additional mod
ules that may perform some or all of the functionality
attributed below to one of the modules 112, 114, and/or 116.

The sensor module 112 is configured to receive an input
signal from the sensor 150 that is generated when the sensor

US 9,529,435 B2
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150 detects relative movement between the surface at which
the sensor 150 is located and the user's skin. The sensor

module 112 is also configured to send a signal to the
determination module 114 for further processing.
The determination module 114 is configured to determine
whether a notification is to be generated and sent to the user
upon detecting presence of the user via the sensor 150. In an
embodiment, the user may provide a particular gesture to the
surface at which the sensor 150 is located that indicates that

the user would like to receive certain information that may
be provided via a notification. The determination module
114 may be programmed with a library of predetermined
gestures so that when the user touches a particular location
on the Surface or provides a gesture to the Surface, the
determination module 114 may determine a corresponding
output. For example, in an embodiment in which the system
100 is provided to a laptop computer, the user may rub
his/her palms against the portions of the housing of the
computer on which the user's palms normally rest using a
particular motion and the determination module 114 may

10

15

motion, rotational motion, or some combinations thereof, or
Some other motion.

determine that the user would like a notification on the

amount of charge that is left in the battery of the laptop
computer. In addition, the determination module 114 may
also output a signal to the haptic output device control
module 116 so that a haptic effect providing the requested
notification information may be provided to the user.
The haptic output device control module 116 is configured
to determine the haptic effect to be generated by the haptic
output device 160, based on the signal generated by the
determination module 114. Determining the haptic effect
may include determining one or more parameters that
include an amplitude, frequency, duration, etc., of the haptic
effect that will provide the desired notification to the user, as

25

30

In an embodiment, the actuator 330 may be a piezoelectric
or a voice coil actuator that generates vibrations to generate
a haptic effect, the actuator 332 may be a solenoid that
generates up and down motion to generate a haptic effect,
and the actuator 334 may be a pneumatic actuator that
generates lateral motion to generate a haptic effect. The
actuators 330, 332, 334 may all be activated when a par
ticular notification to be provided to the user is desired, or
only one may be activated to conserve power or to generate
a different haptic effect or effects. A particular actuator may
be positioned and configured to generate a haptic effect for
the entire surface 310, or for only a portion of the surface
310.

discussed in further detail below.

FIG. 3 illustrates an embodiment of the input/output
devices 130 of the system 100 of FIG. 1 that provides a
haptic effect to a user of the system 100 at a surface 310 of
the input/output devices 130. As used herein, a haptic effect
refers to a stimulus or force, including but not limited to a
vibration, an attractive or repulsive force, a Voltage or
current, some other mechanical or electromagnetic force,
heating or cooling, or some other stimulus. The haptic effect
may comprise one or a combination of the forces or stimuli
described herein. A plurality of haptic effects may be com
bined to form an overall haptic effect. The haptic effect may
be outputted to provide feedback to a user or object in
sliding interaction with the surface 310. The haptic effect
may provide the feedback through mechanical movement,
such as through vibrations of a solid object, vibrations of
fluids, or actuating objects like pins or rods to touch the user.
The pins or rods may deform the Surface by changing the
surface relief or contour. The overall haptic effect may also
provide feedback through electrostatic interactions, either to
generate a force on an object, like a finger F or palm of the
users hand at the surface 310, or to send an electric signal
to an object that can perceive the signal, like a nerve of the
finger F or hand.
The input/output devices 130 in this embodiment inter
face with the user through the surface 310 that is configured
to sense an object that is touching the surface 310. The
object may be the user's finger F, a palm of the users hand,
or any other part of the user's body that can sense a haptic
effect. The object may also be a stylus or some other device
whose presence can be sensed by the input/output devices
130. The input/output devices 130 may sense the presence of
the object through, for example, capacitive, resistive, or
inductive coupling.

6
The input/output devices 130 of the system 100 may
provide haptic effects at the surface 310 through one or more
haptic output devices in the form of actuators 330, 332, 334,
an electrostatic device 340, or through combinations thereof.
The actuators 330, 332, and 334 are configured to generate
mechanical motion that may translate into a haptic effect at
the surface 310. The actuators 330, 332, 334 may be
implemented as piezoelectric actuators, Voice coils, mag
netic actuators such as Solenoids, pneumatic actuators, ultra
Sonic energy actuators, an eccentric mass actuator, an elec
troactive polymer actuator, a shape memory alloy, or some
other type of actuator, as described above. The actuators
330, 332, 334 may rely on motors that convert torque into
vibrations, on fluid pressure, on changes in the shape of a
material, or on other forces that generate motion. Further, the
actuators 330, 332,334 are not limited to generating vibra
tions, but may instead generate lateral motion, up and down

35

The electrostatic device 340 may be an electrovibrotactile
display or any other device that applies Voltages and currents
instead of mechanical motion to generate a haptic effect. The
electrostatic device 340 in this embodiment has at least a

40

conducting layer 342 having at least one electrode, and an
insulating layer 344. The conducting layer 342 may include
any semiconductor or other conductive material. Such as
copper, aluminum, gold, or silver. The insulating layer 344
may be glass, plastic, polymer, or any other insulating
material. In an embodiment, the sensor 150 described above

45

50

may be provided in the conducting layer 342 or the insu
lating layer 344. In an embodiment, the electrostatic device
340 may not have an insulating layer, so that an object can
directly touch the conducting layer 342. Ahaptic effect may
be generated by passing an electrical current from the
conducting layer 342 to the object at or near the surface 310.
In an embodiment, the insulating layer 344 may include one
or more electrodes that can pass current to objects that touch
the electrodes as the objects move across the insulating layer
344.

55

60
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The system 100 may operate the electrostatic device 340
by applying an electric signal to the conducting layer 342.
The electric signal may be an AC signal that capacitively
couples the conducting layer 342 with an object near or
touching the surface 310. The AC signal may be generated
by a high-voltage amplifier. The input/output devices 130
may also rely on principles other than capacitive coupling to
generate the haptic effect. For example, in an embodiment,
an ultrasonic vibration device 336 may be used to generate
ultrasonic friction effects that may be felt by the user's finger
F or palm of a hand at the surface 310.
The capacitive coupling may control a level of friction
and simulate a coefficient of friction or texture on the surface

310 to provide the haptic effect. A coefficient of friction is a
simulated one in that while the surface 310 can be smooth,

US 9,529,435 B2
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applied to an object with a higher impedance and a less
forceful effect for one with lower impedance.
The input/output devices 130 may also include a sensor
that measures the simulated coefficient of friction. This may

7
the capacitive coupling may produce an attractive force
between an object near the surface 310 and the conducting
layer 342. Increasing the attractive force may increase a
level of friction at the surface 310 even when the structure

of the material at the surface 310 has not changed. Varying
the levels of attraction between the object and the conduct
ing layer 342 can vary the friction on an object moving
across the surface 310. Varying the friction force simulates
a change in the coefficient of friction. Controlling friction
through a haptic effect is discussed in more detail in U.S.
patent application Ser. No. 13/092,269, titled “Electro-vi
brotactile Display, filed Apr. 22, 2011, and published on
Oct. 25, 2012 as United States Patent Application Publica
tion No. 2012/02684.12, the entire content of which is

incorporated herein by reference. The simulated coefficient
of friction may be changed by the actuators 330,332,334 as
well. For example, the actuators 330, 332,334 may increase
the friction force by generating vibrations, or by changing
the surface relief of the surface 310 to change the actual

be the same sensor as the sensor described above that

10

15

actuators 330, 332, 334, the electrostatic device 340, and/or
the ultrasonic vibration device 336 one at a time, or can be

coefficient of friction.

The capacitive coupling may also generate the haptic
effect by stimulating parts of the object near or touching the
surface 310, such as mechanoreceptors in the skin of a user's
finger For palm of a hand, or components in a stylus that can
respond to the coupling. The mechanoreceptors in the skin,
for example, may be stimulated and sense the capacitive
coupling as a vibration or some more specific sensation. For
example, the conducting layer 342 can be applied with an
AC voltage signal that couples with conductive parts of a
user's finger F. As the user moves his or her finger F on the
surface 310, the user may sense a texture of prickliness,
graininess, bumpiness, roughness, Stickiness, or some other

25

30
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tion, whether natural or artificial, at the surface 310. 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 that con
veys information relevant to the notification. Varying the
levels of attraction between the object and the conducting
layer 342 can vary the friction on an object moving across
the surface 310. A region having a different level of friction
than Surrounding regions may represent a spatial pattern
component, a texture, or any other Surface feature. Simu
lating Surface features is discussed in more detail in U.S.
patent application Ser. No. 13/665,526, titled “Method and
Apparatus for Simulating Surface Features on a User Inter
face with Haptic Effects.” filed Oct. 31, 2012, and published
as United States Patent Application Publication No. 2014/
0118127, the entire content of which is incorporated herein
by reference.
To provide the same attractive force or to provide the
same level of stimuli across many different objects or
persons, the input/output devices 130 may also include a
sensor that can measure the impedance at the surface 310.
The sensor may measure the impedance by applying a pulse
across the Surface and measuring the Surface Voltage or by
measuring the strength of the capacitive coupling. The
sensor may use other known techniques for measuring
impedance, and may compensate for varying ambient con
ditions such as the moisture in the air or temperature. The
haptic effect may be adjusted based on the impedance of a
person. For example, a more forceful haptic effect may be

combined. For example, a Voltage may be applied to the
conducting layer 342 at a level high enough to both attract
the skin of a finger F or palm of a hand touching the Surface
310 and to stimulate mechanoreceptors within the skin.
Simultaneous to this electro-vibrotactile haptic effect, elec
trostatic forces may be produced on the conducting layer
342 and the insulating layer 344 to create mechanical motion
in those layers. The haptic effects may be combined with
motions generated by one or a combination of actuators 330,
332, and 334. The devices may work together to simulate the
coefficient of friction or texture on the surface of the screen.

texture.

In an embodiment, the haptic effect providing a notifica
tion may be generated to simulate a feature. Such as a surface
feature. For example, the simulated surface feature may be
a spatial pattern, edge or border, or any other tactile sensa

measures the impedance, or it may be a different sensor. The
sensor may measure the simulated coefficient based on a
measured pressure that the Surface 310 is receiving, such as
from an object touching the surface 310, and on the move
ment of the object at the surface 310. Movement of the
object may be measured based on how the pressure at the
surface 310 changes over time and over locations on the
surface 310. For example, the sensor may calculate a value
representing the simulated coefficient of friction based on an
acceleration of a user's finger F or palm of a hand on the
surface 310 and on the pressure that the surface 310 receives
from the user's finger F or palm of a hand.
The haptic effects providing notifications in accordance
with embodiments of the invention may be generated by the

The actuators may generate vibrations, for example, to also
simulate changes in the Surface friction or texture.
The haptic effects and the sensors may be controlled by
the processor 110 described above. The processor 110 may
analyze the impedance, the simulated coefficient of friction,
the Surface pressure, a rate of movement measured at the
surface, and other factors to determine whether there has

40
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been a triggering condition for a haptic effect or how
forceful a haptic effect should be.
Embodiments of the input/output devices 130 described
above may be implemented to provide haptic feedback to
Surfaces that are typically not sensitive nor augmented with
haptic output devices, but against which a user's skin
frequently slides during normal, everyday interactions. Such
sliding interactions are prevalent in natural active touch,
such as feeling the texture of a surface. The relative motion
produced by sliding between a user's skin and Surfaces
allows for the user to feel changes in surface friction
produced by electrostatic friction (ESF) and ultrasonic
vibrations (USF) as described above, although other haptic
technologies may also be used.
The sliding motion can be caused by the movement of the
skin against a surface of an object. Haptic feedback may
therefore be applied through any surface against which a
user's skin, and in particular hands, naturally slide, such as
for example, the flat Surfaces of a laptop computer against
which a users hands rest and slide while interacting with its
keyboard and touchpad. Other examples include tables,
counters, chairs, poles and other Surfaces against which a
person’s hands may rest or move.
The sliding motion may also be caused by the movement
of an object against the skin. Haptic effects may in this case
be applied through a variety of surfaces that naturally slide
against the skin or can easily be made to do so. Wearable
objects, such as glasses, gloves, clothes, watches and jew
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elry, Such as necklaces and rings, for example, often slide
against the skin while being put on or taken off, or due to
body movement while worn. Handheld objects, such as pens
and styluses, power tools, and Smartphones also often slide
against the hand as they are manipulated. Certain objects,
Such as conveyor belts, are also in constant motion relative
to the skin while in operation.
The sliding motions described above may be the result of
either natural interactions with the Surfaces, or purposeful
interactions intended to extract information by touch. For
example, the texture of an inner face of a watch may be felt
as it naturally slides against the wrist or as it is purposefully
moved against the wrist with another hand.
Several implementations of providing a notification in the
form of haptic feedback as a result of a sliding motion are
discussed below. The haptic feedback, for example, could
communicate a variety of information about the object being
touched or other objects in the form of notifications, for
example the battery level of a device, the number of unread
emails, or the appropriateness of an action in a given
context. The haptic feedback may also provide a program
mable feel for a surface, e.g. for branding or personalization.
A Sudden change in texture may also serve as a notification
for an event. Such as the receipt of a text message. The haptic
feedback may be particularly appropriate for ambient com
munication that is minimally disruptive.
In an embodiment, the surface 310 may be configured to
changes its haptic properties in order to replicate the sen
sation of touching a natural Surface, Such as a texture or
embossed features. For example, information may be
encoded in a surface texture produced either by vibrations or
by a friction display. The haptic feedback may therefore be
produced only while the skin and augmented surface 310 are
sliding against one another, in Synchrony with the motion.
Asynchronous haptic effects may also be triggered based on
sliding interactions.
Embodiments of the invention provide additional oppor
tunities to communicate through touch by adding haptic
feedback to surfaces that are naturally touched but are
typically passive. Sliding interactions between a user's skin

10
driving signals and provide a simplified interface for other
components of the system 100, for example accepting as
input a frequency request and outputting the correct signal to
produce the requested frequency as part of the determination
module 114 and/or haptic output device control module 116
described above.

10

different sensors, such as the sensor 150 described above in
15
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According to embodiments of the invention, the input/
output devices 130 described above are provided to surfaces
that typically do not produce haptic feedback. In view of the
50

provided with the input/output devices, particularly the
haptic output devices 160 described above, friction display
technologies such as electrostatic friction (ESF) or ultra
sonic vibrations (USV) may be particularly effective to
provide the desired notifications. Other haptic output
devices may also be used, such as devices that generate
vibrations or deformations, pin arrays, thermal displays or
electrotactile displays. Any haptic output device that can be
configured to change the properties of a Surface may be

55

used.

60

The implementation of the haptic output devices 160 to
the normally passive surfaces described below may vary
with the technology used. In most implementations, the
haptic output device 160 is connected to the augmented
surface 310 and electronic circuits are used to supply the
appropriate driving signals to the haptic output device 160.
The processor 110 may also be used to produce appropriate

The augmented surface 310 may be classified in two
categories, depending on whether the sliding motion is
caused by the movement of the skin or surface 310.
Examples of each are given in the Figures and described
below. In some embodiments, the haptic feedback may be
applied through a system or device that would be added to
an existing product. For example, a Surface that provides
electrostatic friction (ESF) for the notification may be placed
on top of a table instead of being physically integrated in the
table.

of movement.

relative movement between the user's skin and the surfaces

order to detect touch input, and in particular relative motion
of the user's skin and the augmented surface 310. The haptic
output may be turned off in the absence of touch input in
order to reduce power consumption. The haptic output may
also be modulated based on the motion, for example to
produce a spatial effect as a Surface is touched with a sliding
motion, as described above.

and a surface favors active touch, and therefore lead to more

natural haptic interactions with vibrations, deformation or
other haptic feedback, as described above. Sliding also
enables the use of friction feedback that is generally pleasant
and realistic, partly because it is not perceived in the absence

Embodiments of the invention also include computations
to be done in order to determine what haptic output should
be produced, if any. For example, the processor 110 may
need to keep track of the number of unread emails on the
user's computer or other electronic device and determine the
appropriate haptic feedback to produce to communicate Such
information. The processor 110 may also need to monitor

FIGS. 4A-4E illustrate examples of surfaces of objects
against which a users hands rest and slide. For example,
FIG. 4A illustrates a resting surface 402 for a user's hands
below a keyboard 404 of a laptop computer 406. FIG. 4B
illustrates a resting surface 408, for a user's hands, of a table
410 on which the laptop computer 406 sits. FIG. 4C illus
trates a Surface 412 of a computer mouse 414 on which a
users hand rests. FIG. 4D illustrates a surface 416 of an
armrest 418 of a chair 420. FIG. 4E illustrates a surface 422

of a physical control of an automotive interface 424. Such as
a Switch that controls the opening and closing of a window.
Any of the surfaces 402,408, 412, 416, 422 may be provided
with embodiments of the system 100 described above.
FIGS. 5A-5D illustrate examples of wearable articles that
slide against the skin of the wearer during normal use. For
example, FIG. 5A illustrates surfaces 502 of a pair of
eyeglasses 504 that naturally slide against the wearer's skin.
FIG. 5B illustrates surfaces 506 of a glove 508 that slide
against the skin of the wearer as the glove 508 is being put
on or taken off. FIG. 5C illustrates an inner surface 510 of
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a watch 512 that slides against the skin of the wearer's wrist
as the body moves, or can be moved against the skin of the
wrist intentionally by the wearer. FIG.5D illustrates an inner
surface 514 of a ring 516 that slides against the skin of the
wearer's finger as the body moves, or can moved against the
skin of the finger intentionally by the wearer. Any of the
surfaces 502, 506, 510,514 may be provided with embodi
ments of the system 100 described above.
FIGS. 6A-6D illustrate examples of handheld objects that
frequently slide against the skin of the user as they are being
used and manipulated. For example, FIG. 6A illustrates a
surface 602 of a pen or stylus 604 that is grasped by the
users hand. FIG. 6B illustrates a surface 606 of a power tool
608 against which the user's skin frequently slides as the
user grips the tool 608. FIG. 6C illustrates surfaces 610 of
a cordless phone 612 that rub against the skin of the user's
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hand when the user grasps the phone 612. FIG. 6D illustrates
surfaces 614 of a game controller 616 that rub against the
skin of the user as the user grasps the game controller 616.
Any of the surfaces 602, 606, 610, 614 may be provided with
embodiments of the system 100 described above.
FIGS. 7A-7C illustrate examples of resting surfaces
against which a person's hand slides that provide notifica
tions to the person according to embodiments of the inven
tion. FIG. 7A illustrates a users hands resting on a table 702
as he/she is typing on a keyboard 704. By sliding his/her
palms against the table 702, he/she can feel subtle textures

5

10

that indicate information in the form of a notification, Such

as a notification 706 indicating the number of unread emails
in the user's inbox and/or a notification 708 indicating the
amount of time until the next meeting he/she is scheduled to

15

attend. FIG. 7B illustrates a table 710 in a restaurant that is

12
of the pen or stylus that provides information about the pen
or stylus currently being used or the battery life of a related
device. This notification may also be felt when first grasping
the pen 1002, which often involves letting the pen 1002 slide
to the correct position. FIG. 10B illustrates a hand holding
an object 1004 that either intentionally or inadvertently
slides between the fingers of the hand. Haptic feedback 1006
may be provided as a notification as the object 1004 slides,
warning that the object 1004 is sliding too much, or com
municating some other information about the object 1004,
including simulated textures. FIG. 10C illustrates haptic
feedback 1008 being applied as a notification through the
body of a tool 1010 in the form of a power drill. The
notification 1008 may indicate the battery level or some
other condition of the tool 1010, such as whether the motor

is overheating. FIG. 10D illustrates haptic feedback 1012
being applied to a phone 1014 as a notification, for example,
to indicate the amount of time that has been spent on the

configured to provide a notification 712 that indicates the
amount of time left before the meal is served by using a
Surface texture on the Surface of the table 710. FIG. 7C

current call.

illustrates an unused Surface area 714 on a laptop computer
716 that is used to provide notifications via haptic feedback,
such as a notification 718 indicating the number of unread

communicates the state of the glasses 802 or another device,
for example, a slippery texture when the battery of the
device is full but a scratchy texture when the battery of the
device is weak. FIG. 8B illustrates a pair of eyeglasses 806
that may require more effort to put on or take off by changing
the friction of texture of a surface 808 contacting the skin of
the wearer's ear E. Providing such a change in friction or
texture may communicate a notification of a corresponding
intent, such as a reminder to save a file before going home
for the day or a warning that an ongoing task is about to be
terminated or a preset maximum daily usage of a device or
program is about to be exceeded. FIG. 8C illustrates a pair
of eyeglasses 810 that may have at least one surface 812
programmed to have a specific feel. Such as wood or satin
when the wearer's skin rubs against the surface 812. FIG. 8D
illustrates a pair of Sunglasses 814 that communicates a
notification providing the level of UV light with a texture at
a surface 816 of the sunglasses 814, which may prompt the
wearer to apply Sunscreen.

35

FIG. 11 illustrates another example of an object that
moves against the skin. As illustrated, a conveyor belt 1102
continuously slides relative to a worker (not shown) stand
ing next to the conveyor belt 1102, and may therefore be
augmented with haptic feedback in accordance with embodi
ments of the invention. For example, friction feedback 1104
may be applied to the top Surface of the moving conveyor
belt 1102 and provide a notification to the worker that an
object 1106 is about to be dropped on the conveyor belt
1102. The notification may be in the form of a change in
texture that is felt by the working who is placing a hand on
the conveyor belt 1102.
The embodiments described herein represent a number of
possible implementations and examples and are not intended
to necessarily limit the present disclosure to any specific

40

these embodiments as would be understood by one of
ordinary skill in the art. Any Such modifications are intended
to be included within the spirit and scope of the present
disclosure and protected by the following claims.

FIGS. 9A and 9B illustrate other embodiments of wear
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emails in the user's inbox and/or a notification 720 indicat

ing the remaining battery life of the battery in the laptop
computer 716. The user can feel this haptic feedback though
his/her palms while typing on the laptop 716.
FIGS. 8A-8D illustrate examples of uses for haptic feed
back on augmented eyeglasses. For example, FIG. 8A
illustrates a pair of eyeglasses 802 that includes a surface
804 that rests behind the user's ear E on which a texture

able articles that are configured to provide notifications to
the wearer. For example, FIG. 9A illustrates a glove 902
being slid onto the wearer's hand against the wearer's skin.
The texture of the inner surface of the glove 902 may
provide a notification 904 that indicates whether the glove
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embodiments. Instead, various modifications can be made to

What is claimed is:
45

Sensor,

determine a notification independently of the sensor
signal, the notification configured to convey infor
mation;
55

902 should be worn based on the weather forecast, such as

temperature. FIG.9B illustrates a watch or bracelet 906 that
also slides against the skin of the wearer while being worn.
The watch906 may be rotated relative to the wrist or arm of
the wearer to feel a notification 908 providing information
about the amount of the time remaining until the next
meeting scheduled for the wearer.
FIGS. 10A-10D illustrate examples of handheld objects
that slide against the hand of the user during normal use. For
example, FIG. 10A illustrates a pen or stylus 1002 that
moves against the skin of his/her hand, as indicated by the
double arrow. A notification may be provided on the surface

1. A system comprising:
a touch-sensitive sensor configured to detect movement of
an object along a surface; and
a processor in communication with the touch-sensitive
sensor and configured to:
detect the movement of the object along the surface
based on a sensor signal from the touch-sensitive
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determine that the notification is to be output in
response to detecting the movement of the object
along the Surface; and
in response to determining that the notification is to be
output, generate a haptic signal based on the infor
mation to be conveyed by the notification; and
a haptic output device configured to output a haptic effect
to the Surface in response to the haptic signal.
2. The system according to claim 1, wherein the haptic
output device comprises an electrostatic friction output
device and the haptic effect is a change in friction of the
Surface.

3. The system according to claim 1, wherein the haptic
effect comprises ultrasonic vibrations.
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4. The system according to claim 1, wherein the haptic
output device is configured to deform the surface to provide
the haptic effect.
5. The system according to claim 1, wherein the surface
is on a housing of a computer.
6. The system according to claim 5, wherein the notifi
cation comprises a low battery warning.
7. The system according to claim 5, wherein the notifi
cation provides an indication of a number of unread mes
sages in an inbox.
8. The system according to claim 1, wherein the surface
and the haptic output device are part of a wearable device.
9. The system according to claim 8, wherein the wearable
device is selected from the group consisting of a watch, a
bracelet, a necklace, and eye glasses.
10. The system according to claim 1, wherein the notifi
cation is based on at least one parameter selected from the
group consisting of time, priority, and quantity.
11. The system of claim 1, wherein the object is a first
body part, and the Surface is positioned to contact the first
body part during an interaction between a second body part
and an input device, wherein the input device is configured
to transmit an input signal to the processor in response to the
interaction.

12. The system of claim 11, wherein the surface is on a
piece of furniture and positioned to support the first body
part during the interaction between the second body part and
the input device.
13. The system of claim 11, wherein the surface is on a
tool and positioned to be grasped by the first body part
during the interaction between the second body part and the
input device.
14. The system of claim 11, wherein the surface is a
housing that is coupled to the input device, the touch
sensitive sensor, and the processor, and wherein the input
device comprises a touchpad or a touchscreen.
15. The system of claim 11, wherein the surface is
positioned on a first item and the input device is positioned
on a second item that is separate from the first item.
16. A method comprising:
detecting an object is moving along a Surface based on a
sensor signal from a touch-sensitive sensor;
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determining a notification independently of the sensor
signal, the notification configured to convey informa
tion;

determining that the notification is to be output in
response to detecting that the object is moving along
the Surface; and

10

in response to determining that the notification is to be
output, causing a haptic effect to be output at the
surface, the haptic effect based on the information to be
conveyed by the notification.
17. The method according to claim 16, wherein causing
the haptic effect to be output comprises changing the friction
of the surface.
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18. The method according to claim 16, wherein the haptic
effect comprises ultrasonic vibrations.
19. The method according to claim 16, wherein causing
the haptic effect to be output comprises deforming the
Surface.
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20. The method according to claim 16, wherein the
notification is based on at least one parameter selected from
the group consisting of time, priority, and quantity.
21. The method according to claim 16, wherein the
surface is part of a wearable device.
22. The method according to claim 21, wherein the
wearable device is selected from the group consisting of a
watch, a bracelet, a necklace, and eye glasses.
23. A non-transitory computer-readable medium compris
ing program code that is executable by a processor for
causing the processor to:
detect movement of an object along a surface based on a
sensor signal from a touch-sensitive sensor;
determine a notification independently of the sensor Sig
nal, the notification configured to convey information;
determine that the notification is to be output in response
to the detecting the movement of the object along the
Surface; and

in response to determining that the notification is to be
output, cause a haptic effect to be output at the Surface,
the haptic effect based on the information to be con
veyed by the notification.
24. The non-transitory computer-readable medium
according to claim 23, wherein causing the haptic effect to
be output comprises changing the friction of the Surface.
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