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Description
CROSS-REFERENCES TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provi-
sional Patent Application No. 60/877,333 entitled "Virtual
Detents through Vibrotactile Feedback," filed December
27, 2006.

FIELD OF THE INVENTION

[0002] The presentinvention generally relates to vibro-
tactile feedback. More particularly, the present invention
relates to methods and systems for providing virtual de-
tents through vibrotactile feedback.

BACKGROUND

[0003] Traditional mechanical device controls include
switches, knobs, levels, sliders, faders, and the like. In
the past, such controls have been essentially mechanical
in nature, e.g., a knob turning a shaft coupled to a poten-
tiometer to control an electrical input to a device such as
a radio or audio amplifier, a knob turning a shaft coupled
to a fan control or heating/air conditioning control in an
automobile, or a lever controlling the opening and closing
of a vent in an automobile.

[0004] With many traditionally mechanical functions
being replaced by electronics, operation of electronic
controls has been made less intuitive to users. For ex-
ample, without click-stops or "detents," or otherwise a
sense of mechanical resistance, it may be difficult to ob-
tain a similar experience from an electronic substitute for
a traditional mechanical control device or even effectively
and efficiently operate such a device. A detent, such as
a mechanical detent, can refer to the resistance of rota-
tion of a wheel or shaft. A detent can be used to divide
a rotation into discrete increments, or may be used to
arrest rotation in a direction. For instance, a mechanical
detent can be constructed from a notched wheel and a
small gravity or spring-actuated lever.

[0005] Examples of input devices, known in the prior
art, providing haptic feedback simulating detents are dis-
closed by US 6,636,197 B1 and US 2006/0038781 A1.

SUMMARY

[0006] Embodiments of the present invention dis-
closed herein provide methods and systems for providing
virtual detents through vibrotactile feedback.

[0007] One embodiment of the invention is a method
comprising the steps of receiving an input signal that
comprises information associated with the manipulation
of a surface of a touch-sensitive non mechanical input
device, and generating a vibrotactile signal configured to
cause an actuator to produce a vibrotactile effect com-
prising a virtual detent to the surface of the input device,
with the vibrotactile effect configured to simulate me-
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chanical feedback.

[0008] In another embodiment, a computer-readable
medium (such as, for example, random access memory
or a computer disk) comprises code for carrying out such
a method.

[0009] Another embodiment of the invention is a sys-
tem comprising a touch-sensitive non mechanical input
device and a processor that is in communication with the
touch-sensitive non mechanical input device and that is
configured to receive an input signal comprising informa-
tion associated with the manipulation of the touch-sen-
sitive non mechanical input device. The processor may
further be configured to generate a detent signal based
at least in part on the manipulation of the input device.
The system may further comprise an actuator coupled
to the input device. The actuator may be in communica-
tion with the processor and configured to produce to the
surface of the touch-sensitive non mechanical input de-
vice a vibrotactile effect comprising a virtual detent based
at least in part on the detent signal and configured to
simulate mechanical feedback.

[0010] Further details of embodiments of the invention
are set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features, aspects, and advan-
tages of the invention are better understood when the
following Detailed Description is read with reference to
the accompanying drawings, wherein:

Figure 1 is a block diagram illustrating a first system
for providing virtual detents through vibrotactile feed-
back in one embodiment of the invention;

Figure 2 is a block diagram illustrating a second sys-
tem for providing virtual detents through vibrotactile
feedback in one embodiment of the invention;
Figure 3 is an illustration of a first device for providing
virtual detents through vibrotactile feedback in one
embodiment of the present invention;

Figure 4 is an illustration of a second device for pro-
viding virtual detents through vibrotactile feedback
in a comparative example;

Figure 5 is a flow diagram illustrating a first method
for virtual detents through vibrotactile feedback;
Figure 6 is a flow diagram illustrating a second meth-
od for virtual detents through vibrotactile feedback;
Figure 7 is a flow diagram illustrating a third method
for virtual detents through vibrotactile feedback;
Figure 8 is a flow diagram illustrating a fourth method
for virtual detents through vibrotactile feedback; and
Figures 9A, 9B, 9C, 9D, 9E, 9F, 9G, and 9H are eight
illustrations of virtual detent profiles in various em-
bodiments of the present invention.

DETAILED DESCRIPTION

[0012] Embodiments of the present invention provide
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methods and systems for virtual detents through vibro-
tactile feedback. In one illustrative embodiment, a touch-
sensitive surface is manipulated. A sensor detects the
manipulation of the surface and sends an input signal to
a processor. The input signal comprises information re-
lated to the manipulation of the surface. The processor
determines whether to manipulate an audio system
based at least in part on the input signal. The processor
further determines whether to generate a signal config-
ured to cause an actuator to vibrate the surface, the vi-
bration based at least in part on the signal.

[0013] This example is given to introduce the reader
to the general subject matter discussed. The invention
is not limited to this example. The present invention is
defined by the appended claims. Embodiments and ex-
amples not covered by the claims do not form part of the
invention, they are provided to fully understand its prin-
ciples. Below, examples of methods and systems for vir-
tual detents through vibrotactile feedback are described.

lllustrative Devices for Enhanced Haptic Feedback

[0014] In one illustrative embodiment of a device con-
figured to provide virtual detents through vibrotactile
feedback, a portable music player may be configured to
play music through a speaker and produce a virtual de-
tent on a touch pad with an actuator. In one such em-
bodiment, the portable music player may comprise a
touch pad configured to generate an input signal to a
processor based on a user contact. The processor may
analyze the input signal and determine whether to ma-
nipulate the audio system and whether to generate a vi-
brotactile effect. If the processor determines a vibrotactile
effect should be generated, the processor may generate
a signal. The signal may be configured to cause the ac-
tuator to produce a vibrotactile effect to the touch pad in
the form of a virtual detent.

[0015] Such anillustrative embodiment may be advan-
tageously employed to simulate mechanical detents
through vibrotactile feedback. Such simulated mechan-
ical detents, or virtual detents, may provide useful feed-
back to a user. For example, a virtual detent may indicate
the successful change in volume of a sound system. As
another example, the absence of a virtual detent may
indicate that a climate system is not turned on, or that it
has reached the highest threshold of operation.

[0016] These further examples are given to introduce
the reader to the general subject matter discussed here-
in. The invention is not limited to these examples. The
following sections describe various embodiments of sys-
tems and methods for providing virtual detents through
vibrotactile feedback.

Example of aFirst System for Virtual Detents through
Vibrotactile Feedback

[0017] Referring now to the figures in which like nu-
merals indicate like elements throughout the several fig-
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ures, Figure 1 is a block diagram illustrating a first system
for providing virtual detents through vibrotactile feedback
in one embodiment of the invention. In the embodiment
shown, the system comprises an input device 102, a sen-
sor 104, a processor 106, an actuator 108, and a system
to be manipulated 110.

The Input Device and Sensor

[0018] Systems of the invention comprise an input de-
vice 102 and a sensor 104. The input device 102 shown
in Figure 1 is configured to provide an input signal to the
processor when the input device 102 is manipulated. In
other embodiments, sensor 104 can generate an input
signal when the sensor 104 detects manipulation of the
input device 102.

[0019] In a comparative example the input device 102
can be, for example, a mechanical input device. Exam-
ples of mechanical input devices include a rotary knob
coupled to an encoder. Encoders of the input device 102
may comprise an optical encoder or a potentiometer. In
other embodiments according to the invention, the input
device 102 may be a non-mechanical input device. For
example, the input device 102 may be a touch-sensitive
device, such as a touch pad or a touch screen.

[0020] The input device 102 is in communication with
a sensor 104. The sensor detects movement of the input
device 102. A sensor 104 can be configured to detect
the movement of a rotary knob, or other aspects of ma-
nipulation of the input device 102, such as position, ve-
locity, acceleration, torque, rate of rotation, or the time
of rotation.

[0021] Sensor 104 shown in Figure 1 comprises a con-
tact-type sensor, such as a switch, a resistive sensor, a
capacitive sensor, an infrared sensor, or an optical sen-
sor. Alternatively, sensor 104 may comprise a non-con-
tact sensor such as a field effect sensor or a proximity
sensor, and can be a surface or sub-surface sensor.

The Processor

[0022] The system illustrated in Figure 1 comprises a
processor 106. The processor 106 may be configured to
receive input signals from an input device 102 or a sensor
104 and to generate signals to an actuator 108. The sig-
nals may be configured to cause the actuator 108 to pro-
duce a vibrotactile effect. Further, the processor can gen-
erate signals provided to a system to be manipulated 110.
[0023] Inone embodiment, a dedicated processor 106
may receive input signals and generate signals. Although
there is a single processor shown in Figure 1, the system
may comprise a plurality of processors. The processor
106 may be configured to perform a variety of tasks. For
example, the processor 106 may comprise additional
program code running on a native cellular phone proc-
essor.

[0024] The processor 106 may be configured to re-
ceive input signals. In some embodiments, the processor
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106 may receive input signals from the input device 102.
In other embodiments, the processor 106 may receive
input signals from the sensor 104. In the embodiment
shown in Figure 1, the input device 102, sensor 104 and
the processor 106 are in communication via a direct wired
digital connection. For example, the input device 102,
sensor 104, and the processor 106 may be in communi-
cation via a communication bus such as the Universal
Serial Bus (USB). In other embodiments, communication
between an input device 102, sensor 104 and the proc-
essor 106 may be through analog signals and/or may be
wireless. For instance, the sensor 104 may be able to
use Bluetooth, Wireless USB or Wi-Fi to communicate
with the processor 106.

[0025] The processor 106 can also generate one or
more signals. For example, a processor may generate a
signal when a valid input signal is received. In the em-
bodiment shown in Figure 1, as the input device 102 is
manipulated, the processor 106 may generate a signal
at the same time or immediately after the manipulation.
In one embodiment, the processor 106 may process soft-
ware code running as an application on the processor
and utilize the input signal in the context of the software
code to generate signals configured to cause virtual de-
tents.

[0026] The processor 106 may generate a signal, such
as a detent signal, to the actuator 108. The detent signal
may be configured to cause an actuator 108 to produce
a vibrotactile effect in the form of a virtual detent on the
input device 102.

[0027] The processor 106 may generate a signal spe-
cific to an actuator 108. In one embodiment, the signal
may be generated with parameters specific to the actu-
ator 108. For example, the processor may analyze pa-
rameters associated with the actuator 108, such as the
actuator’'s resonant frequency, and generate a signal
based at least in part on the parameters. Other param-
eters of the actuator 108 may comprise, for example and
without limitation, a resonant frequency of the actuator,
a maximum peak-to-peak amplitude or magnitude of the
actuator, or a minimum actuator response time.

[0028] The processor 106 may generate a signal by
accessing a detent profile stored in a memory (not shown
in Figure 1). In one embodiment, the processor 106 may
access a specific detent profile based at least in part on
the input signal. In certain embodiments, the processor
106 may determine which of a plurality of simulated me-
chanical detents to generate. Forexample, the processor
106 may analyze the input signal and determine that a
hard stop is appropriate. Further, the processor 106 may
then access the hard stop virtual detent profile in a mem-
ory, and generate a detent signal based on the hard stop
virtual detent profile.

[0029] The processor 106 may be in communication
with a system to be manipulated 110 or controlled. In
some embodiments, the processor 106 may be config-
ured to generate a system signal. The system signal may
be provided to the system to be manipulated 110.
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[0030] The system signal may be based atleastin part
on the manipulation of the input device. For example, an
input device 102 in the form of a rotary knob may be
rotated one entire revolution. The processor 106 may
receive an input signal indicating the complete rotation
of the input device 102 and generate a system signal
configured to manipulate a system 110 by maximizing or
minimizing a level of the system.

[0031] While the device shown comprises one proces-
sor 106, other devices may comprise two or more proc-
essors. Processor 106, as well as other processors in-
corporated into one or more embodiments of the present
invention, may comprise a computer-readable medium,
such as a random access memory (RAM) coupled to the
processor (not shown in Figure 1). The processor exe-
cutes computer-executable program instructions stored
in memory, such as executing one or more computer
programs for generating vibrotactile or other haptic ef-
fects. Such processors may comprise a microprocessor,
a digital signal processor (DSP), an application-specific
integrated circuit (ASIC), field programmable gate arrays
(FPGAs), and state machines. Such processors may fur-
ther comprise programmable electronic devices such as
PLCs, programmable interrupt controllers (PICs), pro-
grammable logic devices (PLDs), programmable read-
only memories (PROMs), electronically programmable
read-only memories (EPROMs or EEPROMS), or other
similar devices.

[0032] Such processors may comprise, or may be in
communication with, media, for example computer-read-
able media, that may store instructions that, when exe-
cuted by the processor, can cause the processor to per-
form the steps described herein as carried out, or assist-
ed, by a processor. Embodiments of computer-readable
media may comprise, but are not limited to, an electronic,
optical, magnetic, or other storage or transmission device
capable of providing a processor with computer-readable
instructions. Other examples of media comprise, but are
not limited to, a floppy disk, CD-ROM, magnetic disk,
memory chip, ROM, RAM, ASIC, configured processor,
all optical media, all magnetic tape or other magnetic
media, or any other medium from which a computer proc-
essor can read. Also, various other forms of computer-
readable media may transmit or carry instructions to a
computer, such as a router, private or public network, or
other transmission device or channel. The processor,
and the processing, described may be in one or more
structures, and may be dispersed through one or more
structures. The processor may comprise code for carry-
ing out one or more of the methods (or parts of methods)
described herein. The instructions can comprise code
from any suitable computer-programming language, in-
cluding, for example, assembly code, C, C+, C++, Visual
Basic, Java, Python, and JavaScript.

The Actuator

[0033] The system illustrated in Figure 1 further com-
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prises one or more actuators 108. Each actuator 108 can
be configured to receive a signal from the processor 106
and provide vibrotactile effects to the user in the form of
virtual detents. The actuator 108 can vibrate the input
device 102 to provide vibrotactile feedback.

[0034] The actuator 108 can provide vibrotactile feed-
back based on signals received from the processor 106.
For example, the actuator 108 may be configured to gen-
erate a vibration after receiving a detent signal from the
processor 106. The actuator 108 can vibrate the input
device 102 at substantially the same time the inputdevice
is being manipulated.

[0035] The actuator 108 may be configured to simulate
mechanical feedback through vibrotactile feedback. Spe-
cifically, in some embodiments the actuator 108 may be
configured to provide the perception of a detent (i.e. a
virtual detent) without the traditional means necessary
for a mechanical detent. For example, the actuator 108
may be used in place of various mechanical components
which traditionally provided tactile feedback, such as
springs, brakes or cams. In some embodiments, the vi-
brotactile feedback may comprise a click effect replicat-
ing a mechanical click. In other embodiments, the vibro-
tactile feedback may not comprise a click effect, but some
other effect, such as a spring effect or a barrier effect.
[0036] Theactuator 108 may be configured to generate
vibrotactile feedback with a variety of different character-
istics. For example, the actuator may be configured to
generate vibrotactile feedback with different frequencies,
amplitudes, orwaveforms. In one embodiment, the virtual
detentmay comprise a simulated click generated through
asingle pulse. In asecond embodiment, the virtual detent
may comprise a click-and-release effect generated by a
double pulse. Figure 9 provides illustrations of various
virtual detent profiles.

[0037] Because the actuator 108 may be configured
to generate vibrotactile feedback, in contrast to mechan-
ical feedback, the actuator 108 may provide vibrotactile
feedback to non-mechanical input devices 102, such as
a touch-sensitive pad, i.e., a touch pad or touch screen.
[0038] Theactuator 108 may be configured to generate
various types of vibrotactile feedback. For example, the
actuator 108 may be configured to produce different vir-
tual detents. The vibrotactile feedback may be generated
in various directions. For example, the actuator 108 may
vibrate the input device orthogonal to the motion of the
input device.

[0039] The actuator 108 can be any of a variety of dif-
ferent types of force producing devices, including an ec-
centric rotating mass (ERM) actuator, a multifunctional
(MFT) actuator, a linear mass actuator, an electro-mag-
netic actuator, a motor, a voice coil, a pneumatic or hy-
draulic actuator, an electro-active polymer, or any other
suitable actuator. In one embodiment, actuator 108 may
comprise a plurality of actuators of the same or different
design. For example, in one embodiment, two actuators
may be employed. A first actuator may be configured to
provide vibrotactile or other haptic effects having a high
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frequency of vibration (e.g. greater than 400Hz), while a
second actuator may be configured to provide vibrotactile
or other haptic effects having a low frequency of vibration
(e.g. less than 400Hz).

[0040] Since some embodiments of the invention may
use the actuator 108 to generate vibrotactile feedback,
as opposed to mechanical feedback, a smaller actuator
may be used than in otherdevices. For example, actuator
108 may comprise a circular actuator ten (10) millimeters
in diameter and three and one half (3.5) millimeters thick.
[0041] Since the device may comprise a plurality of
actuators, the number of actuators 108 may be based on
the size and mass of the device. For example, an actuator
108 may be provided for every one hundred (100) grams
of mass of the system. In such an example, a system
measuring three hundred (300) grams may comprise
three actuators. In another example, a cellular phone
measuring three hundred (300) grams may only com-
prise a single but more powerful actuator.

[0042] In one embodiment, the number of actuators
108 may be based on what surface of the system is being
vibrated. For example, if a PDA measures four hundred
(400) grams, but only the display will be vibrated, the
system may comprise only one actuator 108, especially
if the display is isolated from the rest of the device such
as by a suspension system. Alternatively, if vibrotactile
feedback is provided to the entire PDA, the system may
comprise two or more actuators.

[0043] Eachactuator 108 of a plurality of actuators may
be configured to generate vibrotactile feedback to the
input device 102. In one embodiment, the vibrotactile
feedback generated by each of a plurality of actuators is
synchronized.

[0044] The actuator 108 can be mounted to a touch-
sensitive display, such as a touch screen (not shown in
Figure 1). In one embodiment, the actuator 108 is mount-
ed underneath the display, or alternatively, to the edge
of the display, or laterally mounted to the display. In em-
bodiments where the actuator 108 is mounted to a dis-
play, the display may be mounted in a suspension of
compliant material, such as a foam gasket. Mounting a
display to a foam gasket may ensure that the display is
vibrated alone or with a different strength than the entire
device.

[0045] In one embodiment, two actuators may be
mounted to either side of a display. In one example, both
actuators may face the same direction and be in the same
phase. In one embodiment, two side-mounted actuators
may vibrate a screen side-to-side. Side-mounted actua-
tors may produce consistent forces across a screen,
since the screen may be moving in the direction of its
rigidity.

[0046] Inone embodiment, two actuators are mounted
behind a display. In one example, both actuators mount-
ed behind the display may face the same direction and
can vibrate the display in and out.
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The System to Be Manipulated

[0047] The system illustrated in Figure 1 comprises a
system to be manipulated 110. One or more systems to
be manipulated 110 can each receive system signals
from the processor 106. The system to be manipulated
110 may comprise a system capable of electrical or elec-
tromechanical control, such as and without limitation, a
stereo system, a video system, a climate system (e.g. air
conditioning and/or heating), a navigation system, auto-
motive systems, wireless communication devices, secu-
rity systems, a television, a video game system, a wash-
ing machine or a drying machine, or an oven.

[0048] In one embodiment, the system to be manipu-
lated 110 may comprise a single system, such as a light-
ing system. In another embodiment, the system to be
manipulated 110 may comprise a complex system com-
prising one or more elements. For example, the system
to be manipulated 110 may be a heating and cooling
system.

Example of a Second System for Virtual Detents
through Vibrotactile Feedback

[0049] Figure 2is a block diagram illustrating a second
system for providing virtual detents through vibrotactile
feedback in one embodiment of the invention. In the em-
bodiment shown, the system comprises a rotary encoder
202, asensor 204, aprocessor 206, and alinear resonant
actuator 208. The system further comprises a visual sys-
tem 210a, an audio system 210b, a climate system 210c,
a display 212, a speaker 214, and a memory 216. An
example of a visual system 210a is a video game system.
An example of an audio system 210b is a stereo system.
An example of a climate system 210c is an air condition-
ing and heating system.

[0050] As shown in Figure 2, the input device can be
the rotary encoder 202. The sensor 204 is in communi-
cation with the rotary encoder 202 and the processor
206. As the rotary encoder 202 is manipulated, the sensor
204 generates input signals associated with the manip-
ulation, and transmits the input signals to the processor
206.

[0051] Once the processor 206 receives an input sig-
nal, the processor 206 can determine whether to gener-
ate a detent signal and/or a system signal. For example,
if the input signal indicates a rotation of a knob in more
than 5 degrees of motion, the processor 206 may gen-
erate a system signal and a detent signal.

[0052] The processor 206 isin communication with the
linear resonant actuator 208. The processor 206 can re-
ceive input signals comprising information associated
with a manipulation of the rotary encoder 206 and gen-
erate a signal configured to cause the linear resonant
actuator 208 to produce a vibrotactile effect to the rotary
encoder 202, the vibrotactile effect comprising a simu-
lated mechanical detent.

[0053] As shown in Figure 2, the processor 206 is in
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communication with three systems: avideo system 210a,
a stereo system 210b, and a climate system 210c. The
processor is also in communication with a display 212
and a speaker 214. The processor may synchronize
changes in the display 212, sounds played via a speaker
214, and vibrotactile feedback in the rotary encoder 202.
[0054] In other embodiments, the input device may
comprise a different device, such as a touch pad. The
touch pad (not shown) may be in communication with a
sensor 204. The sensor 204 may be configured to detect
movement on the touch pad.

[0055] The sensor 204 can directly transmit input sig-
nals to the processor 206. In a specific example, the sen-
sor 204 may send an input signal to the processor 206
once the rotary encoder is rotated 2 degrees or more.
[0056] The processor 206 can be in communication
with one or a plurality of systems to be controlled. The
processor 206 can cause the display 212 to show a
graphical representation of a menu structure. The proc-
essor 206 can synchronize vibrotactile feedback with oth-
er events, such as changes in the display 212 or sounds
played on the stereo system 210b. In one example, as
the navigation of a menu system is shown on display
212, the input device may be vibrated while each item
on the menu is traversed.

[0057] The processor 206 can be configured to deter-
mine a specific detent signal to generate. The detent sig-
nal may be based at least in part on the system which is
actively being controlled. For example, if the video sys-
tem 210a is being controlled, the processor 206 may gen-
erate one type of detent signal, such as a click effect.
Alternatively, if the stereo system 210b is being control-
led, the processor 206 may generate a second type of
detent signal, such as a hard stop virtual detent.

[0058] As shown in Figure 2, the processor 206 com-
prises memory 216. The memory 216 can be a high-
speed cache memory, and configured to store vibrotactile
feedback effects, such as virtual detent profiles. In one
embodiment, the processor can access an effect profile
stored in memory 216 after the processor 206 has deter-
mined what type of vibrotactile effect to generate.
[0059] A default library of vibrotactile effects, such as
virtual detents, may be stored in the memory 216. For
example, the processor 106 may store each virtual detent
profile illustrated in Figure 9 in the memory 216. This
profile may take the form of computer code. In one em-
bodiment, the processor may be programmed with vari-
ous types of vibrotactile effects not previously stored in
memory 216. For example, each user of the system may
author individual vibrotactile effects to store in memory
216. In a second embodiment, the processor 106 may
only store vibrotactile effects programmed by a manu-
facturer. In one embodiment, characteristics of the actu-
ator may be stored in memory 216. For example, the
frequency response of a system’s actuator may be stored
in memory 216.
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Virtual Detents Through Vibrotactile Feedback

[0060] Figure 3 is an illustration of a first device for
providing virtual detents through vibrotactile feedback in
one embodiment of the present invention. Various em-
bodiments of the invention may be used in devices with-
out mechanical feedback. In other embodiments, the in-
vention may be used to supplement mechanical feed-
back.

[0061] Thedevicein Figure 3 comprises a portable mu-
sic player 300 having a body 302, a graphical user inter-
face display 304, and a circular touch pad 306. Although
the touch pad 306 shown in Figure 3 is circular, in other
embodiments the touch pad 306 may be linear, rectan-
gular, or some other configuration. As shown in Figure
3, the input device 306 may be in communication with a
display 304. As an example, the input device 306 may
be configured to navigate a menu system which may be
shown on the display 304. In other embodiments, the
input device 306 may not be in communication with a
display 304.

[0062] While the embodiment shown in Figure 3 com-
prises a portable music player, other embodiments may
comprise other devices, such as a personal digital as-
sistant (PDA), a portable video player, a portable game
system, or a portable navigation device. Other examples
may include other electronic devices or appliances, such
as a television, oven, or a lighting system.

[0063] A user may interact with the portable music
player 300 by activating the circular touch pad 306. For
example, a user may select an object on a menu dis-
played on the graphical user interface display 304 by
dragging a finger around the circular touch pad 306 in a
clockwise or counter-clockwise direction.

[0064] An actuator (not shown in Figure 3) is coupled
to the touch pad. As a user manipulates the circular touch
pad 306, vibrotactile feedback in the form of virtual de-
tents are provided to the user when the actuator vibrates
the touch pad. The actuator generates virtual detents
through vibrotactile feedback, to simulate mechanical
feedback.

[0065] Since the vibrotactile feedback may be pro-
grammable and variable, providing different types of vi-
brotactile feedback on the same input device will provide
an enhanced interface. Vibrotactile feedback may aid in
the selection of menus, control of levels (such as volume,
bass, treble, balance, etc.), and navigation of lists.
[0066] Vibrotactile feedback may be based on the va-
lidity of an input. In one example, vibrotactile feedback
is provided when a valid input is received, such as when
a control is enabled and within an allowed range. If the
controlled function is at or reaches a maximum or a min-
imum, vibrotactile feedback may be disabled, providing
information that the attempted control is outside of the
valid range of the system. Similarly, if the system is not
active or powered on, the absence of vibrotactile feed-
back may inform the user of that state.

[0067] The frequency and strength of the vibrotactile
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feedback may also be varied to provide an enhanced
interface. In one embodiment, the type of vibrotactile
feedback may be based at least in part on the content
selected by a user.

[0068] In one embodiment the frequency and strength
of the vibrotactile feedback notifies the user of various
levels of control. A stronger virtual detent can indicate a
bigger decision in comparison to a weaker virtual detent
indicative of a smaller decision. High and low strengths
of vibrotactile feedback can indicate divisions in alist (i.e.
separate words by letter, or numbers at every multiple of
10). A high or low strength of vibrotactile feedback can
also indicate one or more points in a range, for example,
the center position of a balance control. The frequency
of the vibrotactile feedback may represent the speed of
navigation of the user’s finger across the touch active
surface or across the number of elements in a list.
[0069] In one embodiment, each system that is con-
trolled by the input device may be associated with a type
or profile of vibrotactile feedback. For example, the ac-
tuator vibrates the input device at a constant intensity
when an audio system is being controlled by the input
device, and vibrates the input device at a periodic inten-
sity when a temperature system is being controlled.
[0070] In one embodiment, a combination of vibrotac-
tile effects is linked as a vibrotactile theme. A vibrotactile
theme can correspond with an individual function or sys-
tem. One theme can comprise a combination of single
clicks and double clicks to represent simulated mechan-
ical feedback for a system being changed or a threshold
being reached. Another theme can comprise a combina-
tion of a constant, low intensity vibration with a hard stop
virtual detent effect. While the first theme can be assigned
to one system, such as a climate system the second
theme can be assigned to a second system, such as a
stereo system.

[0071] Figure 4 is an illustration of a device for provid-
ing virtual detents through vibrotactile feedback in a com-
parative example. The device in Figure 4 comprises a
mechanical device, specifically a rotary knob 400. While
the comparative example shown in Figure 4 comprises
arotary knob 400, otherembodiments may comprise oth-
er input devices. In some other comparative examples,
the input device may comprise a linear or rotary encoder,
a potentiometer, or a fader. Alternatively, embodiments
according to the present invention may comprise non-
mechanical input devices, such as a touch-sensitive pad
or a touch-sensitive screen.

[0072] The rotary knob 400 is configured to rotate in a
rotary degree of freedom about an axis extending through
the knob. In some comparative examples, the rotary knob
may also be configured to move in a plane perpendicular
to oralong the rotary axis. The rotary knob 400 is coupled
to a mounting surface 402. The mounting surface may
be a surface on a control panel, dashboard, car console,
mouse, joystick, industrial equipment, medical equip-
ment, or any consumer electronics device.

[0073] A user interacts with the rotary knob 400 by ro-
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tating the knob in a clockwise or counter-clockwise di-
rection. One or more actuators 406 can be coupled to
the rotary knob 400 to generate vibrotactile feedback. As
the knob is rotated, vibrotactile feedback may be gener-
ated in the form of virtual detents. For example, as the
knob is rotated, an effect such as a hard stop may be
generated by vibrating the knob.

[0074] The rotary knob 400 can be coupled to a sensor
408. Sensor408 can detect movementsin the rotary knob
400, and transmit data to a processor 106. A shaft 404
may connect the actuator 406 and sensor 408 with the
rotary knob 400.

[0075] As shown in Figure 4, a rotary knob 400 is a
generally cylindrical object. Other devices for providing
virtual detents may have various designs, including but
not limited to conical shapes, spherical shapes, oval
shapes, cubical shapes, etc. The rotary knob 400 may
have one or more textures on its surface, including but
not limited to bumps, lines, grooves, other types of grips,
or projections or members extending from the device’s
surface. Such shapes and textures may allow a user to
easily grip or contact the knob and rotate it.

[0076] The rotary knob 400 may be configured to con-
trol a system. For example, the rotary knob 400 may be
located on a stereo receiver, and configured to control
the volume of the stereo. In one comparative example,
the rotary knob 400 may control a plurality of systems,
such as a car’s temperature system, navigation system,
and/or communication system. For example, a user can
pull a knob to a first elevation in order to control the tem-
perature system of the car. To control a different system,
a user may push the knob down to a different elevation.
In another comparative example, a user selects a system
to be controlled via a menu system navigated by the ro-
tary knob 400 or other controls.

Examples of Methods for Virtual Detents through Vi-
brotactile Feedback

[0077] Figure 5 is a flow diagram illustrating a first
method for providing virtual detents through vibrotactile
feedback in one embodiment of the present invention. In
step 502, the sensor generates an input signal based at
least in part on a manipulation of an input device. In step
502, the processor 106 receives an input signal compris-
ing information associated with the manipulation of an
input device 102. In step 504, the processor 106 gener-
ates a signal configured to cause an actuator to produce
avibrotactile effectto the input device 102, the vibrotactile
effect comprising a simulated mechanical detent.

[0078] The processor 106 can receive and generate
signals as digital signals or analog signals, via wireless
or wired connections. The input signal can comprise in-
formation related to a manipulation of the input device
102. For instance, the information related to the manip-
ulation of the input device may be positional data, for
example, comprising information related to the change
in position of the input device. In another example, the
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input signal may comprise information related to the
speed of the change in position of the input device as
well as the change in position of the input device. As a
further example, the input signal comprises information
related to the direction of a continuous user contact with
a rotary touch pad along with the speed at which the
rotary touch pad is contacted.

[0079] In step 504, a signal is generated by the proc-
essor. The signal can be configured to cause an actuator
to produce a vibrotactile effect to the input device, the
vibrotactile effect comprising a simulated mechanical de-
tent, and based at least in part on the detent signal. The
signal comprises information relating to a specific virtual
detent to be generated by an actuator.

[0080] The signal may be based at least in part on the
input signal, for instance, if the input signal indicates a
fast manipulation of the input device, than the detent sig-
nal may comprise a high frequency vibrotactile effect.
The signal may be based at least in part on a status of a
system to be manipulated. In one embodiment, a signal
is notgenerated if a system s off. Inanotherembodiment,
if a system is off, than only a signal configured to produce
a hard stop is generated.

[0081] In one embodiment, the signal is based on a
system reaching a maximum or minimum threshold. For
example, if a stereo system has reached the highest vol-
ume level, than the signal is configured to produce a hard
stop virtual detent. Alternatively, if the system to be con-
trolled has reached a threshold no signal is generated.
In another example, if the stereo system has not reached
the highest or lowest volume level, a signal configured
to produce a click effect virtual detent is generated.
[0082] The signal generated by the processor 106 may
be synchronized with changes in the system 110. For
example, a detent signal can be configured to cause a
vibrotactile effect at the same time as changes in a dis-
play, audio level or frequency, or control of an electro-
mechanical system. The detent signal may also be syn-
chronized with other types of feedback. For example, vi-
brotactile feedback produced by an actuator in response
to the detent signal may be accompanied by an audible
click or noise.

[0083] Figure 6 is a flow diagram illustrating a second
method for providing virtual detents through vibrotactile
feedback in one embodiment of the present invention. In
step 602, a sensor 104 detects a change in position of
an input device 102. The sensor 104 can detect the ro-
tation of a knob 400. The sensor 104 may detect, for
example, relative changes, or changes from a reference
point, in the position of an input device 102.

[0084] In step 604, the sensor 104 generates a detent
signal. The detent signal can be configured to cause an
actuator to produce a vibrotactile effect to the input de-
vice, the vibrotactile effect comprising a simulated me-
chanical detent, the vibrotactile effect based at least in
part on the detent signal.

[0085] The sensor 104 can be configured to only detect
changes above a predetermined threshold. One sensor
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can be configured to detect movement of a rotary knob
in one degree increments. Another sensor can be con-
figured with a higher detection threshold, and only detect
rotations of five degrees or more. The detection threshold
can correspond to a determination of whether a user in-
tended to manipulate the device, or if the manipulation
was accidental or unintended.

[0086] One or more sensors 104 can be configured to
detect pressure or movement on a touch pad. As an ex-
ample, three sensors configured to detent changes in
force may be coupled to a touch pad. The force sensors
may detect input on the touch pad, such as when a user
drags a finger across the surface of the touch pad.
[0087] Aprocessor 106 can generate the detentsignal.
The detent signal may be based at least in part on the
manipulation or change in position of the input device.
For example, a first detent signal may correspond to a
small change in position of the input device, whereas a
second detent signal may correspond to a larger change
in position of the input device.

[0088] Figure 7 is a flow diagram illustrating a third
method for providing virtual detents through vibrotactile
feedback in one embodiment of the present invention. In
step 702, the sensor 104 detects a change in position of
an input device. The sensor 104 can detect input from a
rotary knob 400, or input via a touch pad or touch screen.
[0089] In step 704, the processor 106 determines
whether to generate a detent signal. The processor 106
may determine whether to generate a detent signal
based at least in part on a status of a system to be ma-
nipulated 110. For example, the processor 106 may gen-
erate a detent signal if the system to be manipulated is
turned on. As another example, the processor 106 may
not generate a detent signal if the system to be manipu-
lated is turned off.

[0090] In step 706, the processor 106 generates a de-
tent signal. The processor 106 can generate the detent
signal as a digital signal sent to the actuator 108.
[0091] Instep 708, the processor 106 generates a sys-
tem signal. The system signal can be configured to ma-
nipulate a system to be controlled, such as an audio sys-
tem, avideo system, a climate system, ora menu system.
As examples, the system signal can change the volume
of a stereo system, increase the output of a heater or air
conditioner, or zoom in on a map.

[0092] In step 710, if the processor determines not to
generate a detent signal, than the processor may wait
for a new change in position of the input device 710.
[0093] The processor 106 can generate detent signals
and systems signals the system signal as digital signals
or analog signals. The processor 106 can generate the
detent signal 706 and the system signal 708 substantially
simultaneously. In one embodiment, the system to be
controlled is manipulated at substantially the same time
as the vibrotactile feedback is generated on the input
device. In some embodiments, a user may experience a
virtual detent as a system is being manipulated, giving
the user the impression of mechanical detents.

10

15

20

25

30

35

40

45

50

55

[0094] The system signal can be based at least in part
on an input signal. In one embodiment, an input signal
may indicate that the input device is being manipulated
with a quick motion. A corresponding system signal may
manipulate the system to be controlled in a like fashion.
In one example, a rotary knob is quickly rotated. A proc-
essor may generate a system signal to a stereo system
with a radio, the system signal moving through radio fre-
quencies in large increments.

[0095] Figure 8 is a flow diagram illustrating a fourth
method for virtual detents through vibrotactile feedback.
In step 802, an input device, such as a knob or a touch
pad, is manipulated. A user can rotate a knob, or drag
her finger across a touch pad. In response to the user
input, a system is manipulated 804. Finally, a vibrotactile
effect is produced on the input device 806.

[0096] The system may be manipulated based at least
in part on the manipulation of the input device. For ex-
ample, if a knob is rotated to the right one full revolution,
the volume of a stereo system may be doubled. In another
example, if a circular touch pad is contacted in a counter-
clockwise motion, a menu structure shown on a display
may navigate up.

[0097] The vibrotactile effect 806 can be synchronized
with the manipulation of the system 804. As a user nav-
igates a menu shown on a display, a vibrotactile effect
may be produced on a circular touch pad input device.

Examples of Virtual Detents

[0098] Figures 9A, 9B, 9C, 9D, 9E, 9F, 9G, and 9H are
eight illustrations of virtual detent profiles in various em-
bodiments of the present invention. In Figures 9A-9H,
the rotary knob 202 is shown on the right along with a
representation of the virtual detent profile on the left cor-
responding with the rotary knob. The virtual detent pro-
files illustrated in Figures 9A-9H are exemplary embod-
iments of the invention. Other embodiments may be ap-
parent to those skilled in the art. In some embodiments,
various types of detents may be combined to produce a
combination vibrotactile effect.

[0099] Figure 9A depicts a programmable virtual de-
tent profile. Virtual detents are shown at A, B, C, D, and
E. For example, as a rotary knob is rotated through each
point A-E, the rotary knob may be vibrated to generate
the feeling of a real detent. The magnitude and width of
the vibrotactile feedback applied to the input device at
each virtual detent may simulate the magnitude and width
of a mechanical detent.

[0100] Figure 9B depicts a hard stop virtual detent pro-
file. A hard stop, or barrier virtual 30 detent, may simulate
a mechanical hard stop or barrier. For example, a virtual
hard stop may indicate that a system can no longer be
manipulated. As an illustration, as a user turns a rotary
knob, virtual detents may indicate each increasing fan
level selected by a user. When the fan level reaches its
maximum, the processor 106 may send a detent signal
to the actuator 108 comprising a barrier detent instruc-
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tion.

[0101] Figure 9C depicts a hill virtual detent profile. A
hill effect may simulate the approach to the end of amenu
system, ora maximum or minimum threshold of a system.
For example, as the user approaches the last item in a
menu, the vibrotactile effect may gradually increase. As
another example, when the user is approaching the end
of a wrap-around menu structure, the intensity of the vi-
brotactile feedback may increase until the user reaches
the beginning item, which may be accompanied by vi-
brotactile feedback with lower intensity.

[0102] Figure 9D depicts a compound virtual detent
profile. In some embodiments, the magnitude and/or
width of the vibrotactile feedback may be varied at each
point. In such embodiments, a compound effect may in-
clude two or more effects such as barriers or detents. A
compound effect may be related to the operational char-
acteristics of a system. For example, a compound effect
used in conjunction with a menu system may generate
light intensity vibrotactile feedback while a menu is tra-
versed within a subcategory, but generate heavier inten-
sity vibrotactile feedback when larger categories of the
menu are traversed. In one embodiment, a hill effect may
be used as a user traverses contact names beginning
with the same letter. When a new letter is reached, a hard
stop effect may be used to indicate the new letter.
[0103] Figure 9E depicts a spring virtual detent profile.
A spring virtual detent may indicate a preferred position
of an input device. For example, as a user manipulates
a rotary knob away from a home position, a spring effect
virtual detent may increase in intensity as the knobs dis-
tance from the home position increases.

[0104] Figure 9F depicts a damper virtual detent pro-
file. In a damper virtual detent, the vibrotactile force may
increase or decrease based on the speed of the manip-
ulation of an input device. Forexample, a light vibrotactile
effect may accompany slow rotation of a rotary knob,
while a heavier vibrotactile effect may accompany faster
rotation of the rotary knob.

[0105] Figure 9G depicts a constant virtual detent pro-
file. A constant force effect may be a continuous force
independent of the position or manipulation of the input
device. Forexample, as arotary knob is rotated, the force
of the vibrotactile effect may remain constant. A constant
virtual detent profile may be used in combination with a
null force profile, such that vibrotactile effects are gener-
ated at a constant intensity during part of a manipulation
ofaninputdevice, and not generated at all at a later time.
For example, a constant vibrotactile force may be pro-
duced on a rotary knob until a threshold is reached, upon
which no vibrotactile force is generated in response to
manipulation of the rotary knob. In another example, a
constant vibrotactile force may be output while a user
has selected one item in a menu system, but not gener-
ated when a user selects a different item in a menu sys-
tem.

[0106] Figure 9H depicts a periodic virtual detent pro-
file. The periodic force effect profile may comprise a sine
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wave, square wave, or triangular wave profile. In one
example of a triangular virtual detent, the intensity of a
virtual detent may increase and decrease linearly over
time. A periodic virtual detent may last for a set period of
time.

General

[0107] The foregoing description of embodiments of
the invention has been presented only for the purpose
of illustration and description and is not intended to be
exhaustive or to limit the invention to the precise forms
disclosed. Numerous modifications and adaptations
thereof will be apparent to those skilled in the art. The
scope of the present invention is defined solely by the
appended claims.

Claims
1. A method comprising:

i) receiving (500) an input signal comprising in-
formation associated with a manipulation (802)
of a surface of a touch-sensitive non mechanical
input device (306), and

ii) generating (504,604, 706) a vibrotactile signal
configured to cause an actuator (108) to produce
a vibrotactile effect (806) to the surface of the
touch-sensitive non mechanical input device;

further comprising:

iii) storing a plurality of stored virtual detent pro-
files;

iv) determining (704) one of said plurality of
stored virtual detent profiles to generate a vibro-
tactile signal;

wherein said determination is based at least in part
on the input signal (102, 202, 306, 400) and the vi-
brotactile effectis configured to simulate mechanical
feedback.

2. The method of claim 1, further comprising :-

i) generating a system signal (708) associated
with a system (110, 210) to be manipulated;

ii) basing the system signal at least in part on
the input signal; and

iii) substantially simultaneously generating
(708) the system signal and generating (504,
604, 706) the vibrotactile signal.

3. The method of claim 2, further comprising deter-
mining whether to generate a system signal (708)
based at least in part on a status of the system (110,
210) to be manipulated.
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A computer-readable medium on which is encoded
program code to effect the method of any of claims
1to 3.

A system comprising:

i) a touch-sensitive non mechanical input device
(306);

ii) at least one actuator (108, 208, 406) coupled
to the touch-sensitive non mechanical input de-
vice

iii)a processor (106, 206) in communication with
the touch-sensitive input device and said atleast
one actuator and configured to:

a) receive (500) an input signal comprising
information associated with a manipulation
(802) of the touch-sensitive non mechanical
input device (102, 202, 400); and,

b) generate (504, 604, 706) a vibrotactile
signal configured to cause said actuator
(108) to produce a vibrotactile effect (806)
to a surface of the touch-sensitive non me-
chanicalinput device and the vibrotactile ef-
fect is configured to simulate mechanical
feedback;

wherein;
iv) the processor (106, 206):

a) comprises memory (216) configured to
store virtual detent profiles, and

b) is configured to effect the method of any
of claims 1 to 3.

The system of claim 5, wherein the processor (106,
206) is further configured to generate (706) a system
signal to control a system (110, 210) based at least
in part on a manipulation of the non mechanical input
device (102, 202, 306, 400).

The system of claim 5 or claim 6, wherein the at
leastone actuator (406) is coupled to a housing (302,
402) of the non mechanical input device (306, 400).

The system of any of claims 5to 7, wherein a sensor
(104, 204, 408) is configured to detect manipulation
of the non mechanical input device (102, 202, 400)
and generate the input signal.

Patentanspriiche

Verfahren, Folgendes umfassend:

i) Empfangen (500) eines Eingangssignals, das
Informationen umfasst, die einer Bedienung
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(802) einer Oberflache einer beriihrungsemp-
findlichen nicht-mechanischen Eingabevorrich-
tung (306) zugeordnet sind, und

ii) Erzeugen (504, 604, 706) eines vibrotaktilen
Signals, das konfiguriert ist, um einen Stellan-
trieb (108) zu veranlassen, einen vibrotaktilen
Effekt (806) auf die Oberflache der beriihrungs-
empfindlichen nicht-mechanischen Eingabe-
vorrichtung zu erzeugen;

ferner Folgendes umfassend:

iii) Speichern mehrerer gespeicherter virtueller
Rastprofile;

iv) Bestimmen (704) eines aus den mehreren
gespeicherten virtuellen Rastprofilen, um ein vi-
brotaktiles Signal zu erzeugen;

wobei die Bestimmung mindestens teilweise auf
dem Eingangssignal (102,202, 306, 400) basiertund
wobei der vibrotaktile Effekt konfiguriert ist, um eine
mechanische Rickmeldung zu simulieren.

Verfahren nach Anspruch 1, ferner Folgendes um-
fassend:-

i) Erzeugen eines Systemsignals (708), das ei-
nem zu bedienenden System (110, 210) zuge-
ordnet ist;

ii) Basieren des Systemsignals mindestens teil-
weise auf dem Eingangssignal; und

ii) im Wesentlichen gleichzeitiges Erzeugen
(708) des Systemsignals und Erzeugen (504,
604, 706) des vibrotaktilen Signals.

Verfahren nach Anspruch 2, ferner umfassend das
Bestimmen, ob ein Systemsignal (708) erzeugt wer-
den soll, das mindestens teilweise auf einem Status
des zu bedienenden Systems (110, 210) basiert.

Computerlesbares Medium, auf dem ein Programm-
code codiert ist, um das Verfahren nach einem der
Anspriiche 1 bis 3 durchzufiihren.

System, Folgendes umfassend:

i) eine berihrungsempfindliche nicht-mechani-
sche Eingabevorrichtung (306);

ii) mindestens einen Stellantrieb (108, 208,
406), der mit der berlhrungsempfindlichen
nicht-mechanischen Eingabevorrichtung ge-
koppelt ist

i) einen Prozessor (106, 206), der mit der be-
rihrungsempfindlichen Eingabevorrichtung
und dem mindestens einen Stellantrieb in Ver-
bindung steht und fiir Folgendes konfiguriert ist:

a) Empfangen (500) eines Eingabesignals,
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das Informationen umfasst, die mit einer
Bedienung (802) der bertihrungsempfindli-
chen nicht-mechanischen Eingabevorrich-
tung (102, 202, 400) verbunden sind; und,
b) Erzeugen (504, 604, 706) eines vibrotak-
tilen Signals, das konfiguriert ist, um den
Stellantrieb (108) zu veranlassen, einen vi-
brotaktilen Effekt (806) auf eine Oberflache
der beriihrungsempfindlichen nicht-mecha-
nischen Eingabevorrichtung zu erzeugen,
und wobei der vibrotaktile Effekt konfiguriert
ist, um eine mechanische Rickmeldung zu
simulieren;

wobei;

iv) der Prozessor (106, 206):

a) einen Speicher (216) umfasst, der konfi-
guriert ist, um virtuelle Rastprofile zu spei-
chern, und

b) konfiguriert ist, um das Verfahren nach
einem der Anspriiche 1 bis 3 durchzufiih-
ren.

System nach Anspruch 5, wobei der Prozessor
(106, 206) ferner konfiguriert ist, um ein Systemsig-
nal zu erzeugen (706), um ein System (110, 210) zu
steuern, das mindestens teilweise auf einer Bedie-
nung der nicht-mechanischen Eingabevorrichtung
(102, 202, 306, 400) basiert.

System nach Anspruch 5 oder 6, wobei der mindes-
tens eine Stellantrieb (406) miteinem Gehause (302,
402) der nicht-mechanischen Eingabevorrichtung
(306, 400) gekoppelt ist.

System nach einem der Anspriiche 5 bis 7, wobei
ein Sensor (104, 204, 408) konfiguriert ist, um eine
Bedienungder nicht-mechanischen Eingabevorrich-
tung (102, 202, 400) zu erfassen und das Eingabe-
signal zu erzeugen.

Revendications

Procédé comprenant :

i) la réception (500) d’un signal d’entrée com-
prenant des informations associées a une ma-
nipulation (802) d’'une surface d’un dispositif
d’entrée non mécanique tactile (306), et

ii) la génération (504, 604, 706) d’'un signal vi-
brotactile configuré pour amener un actionneur
(108) a produire un effet vibrotactile (806) a la
surface du dispositif d’entrée non mécanique
tactile ;

comprenant en outre :
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iii) le stockage d’'une pluralité de profils de dé-
tente virtuelle stockés ;

iv) la détermination (704) de I'un de ladite plu-
ralité de profils de détente virtuelle stockés pour
générer un signal vibrotactile ;

ladite détermination étant basée au moins en partie
sur le signal d’entrée (102, 202, 306, 400) et I'effet
vibrotactile étant configuré pour simuler une rétroac-
tion mécanique.

Procédé selon la revendication 1, comprenant en
outre :

i) la génération d’un signal de systeme (708) as-
socié a un systeme (110, 210) a manipuler ;

ii) le fait de baser le signal de systeme au moins
en partie sur le signal d’entrée ; et

iii) la génération sensiblement simultanée (708)
du signal de systéme et la génération (504, 604,
706) du signal vibrotactile.

Procédé selon la revendication 2, comprenant en
outre la détermination de générer ou non un signal
de systéme (708) basé au moins en partie sur un
état du systeme (110, 210) a manipuler.

Support lisible par ordinateur sur lequel est codé un
code de programme pour effectuer le procédé selon
I'une quelconque des revendications 1 a 3.

Systeme, comprenant :

i) un dispositif d’entrée non mécanique tactile
(306) ;

ii)au moins un actionneur (108, 208, 406) couplé
au dispositif d’entrée non mécanique tactile ;
iii) un processeur (106, 206) en communication
avecle dispositif d’entrée tactile etleditau moins
un actionneur étant configuré pour :

a) recevoir (500) un signal d’entrée compre-
nant des informations associées a une ma-
nipulation (802) du dispositif d’entrée non
mécanique tactile (102, 202, 400) ; et,

b) générer (504, 604, 706) un signal vibro-
tactile configuré pour amener ledit action-
neur (108) a produire un effet vibrotactile
(806) sur une surface du dispositif d’entrée
non mécanique tactile et I'effet vibrotactile
étant configuré pour simuler une rétroaction
meécanique ;

dans lequel ;
iv) le processeur (106, 206) :

a) comprend une mémoire (216) configurée
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pour stocker des profils de détente virtuelle,
et

b) est configuré pour effectuer le procédé
selon 'une quelconque des revendications
1a3.

Systeme selon la revendication 5, dans lequel le
processeur (106, 206) est en outre configuré pour
générer (706) un signal de systéme pour comman-
der un systeme (110, 210) basé au moins en partie
sur une manipulation du dispositif d’entrée non mé-
canique (102, 202, 306, 400).

Systéme selon la revendication 5 ou la revendication
6, dans lequel 'au moins un actionneur (406) est
couplé a un boitier (302, 402) du dispositif d’entrée
non mécanique (306, 400).

Systeme selon I'une quelconque des revendications
5 a 7, dans lequel un capteur (104, 204, 408) est
configuré pour détecter une manipulation du dispo-
sitif d’entrée non mécanique (102, 202, 400) et gé-
nérer le signal d’entrée.
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