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SYSTEMS AND METHODS FOR PROVIDING
HAPTIC EFFECTS

FIELD OF THE INVENTION

[0001] The present invention generally relates to provid-
ing haptic feedback. The present invention more particularly
relates to systems and methods for providing haptic effects.

BACKGROUND

[0002] Electronic-device manufacturers strive to produce
a rich interface for users. Conventional devices utilize visual
and auditory cues to provide feedback to a user. In some
interface devices, kinesthetic feedback (such as active and
resistive force feedback), and/or tactile feedback (such as
vibration, texture, and heat), is also provided to the user,
more generally known collectively as “haptic feedback.”
Haptic feedback provides additional cues that enhance and
simplify the user interface.

[0003] Some conventional mechanical control devices
may be function-specific, for example, configured to imple-
ment a single haptic effect. Although able to provide haptic
feedback to a user, function-specific mechanical control
devices may require unique designs, components, and manu-
facturing processes to produce. Some conventional elec-
tronic haptic feedback devices may be capable of imple-
menting a variety of haptic effects, but may require a host
processor to store haptic effect profiles and parameters for
implementing them.

[0004] Thus a need exists for effective systems and meth-
ods for providing haptic effects without a host processor.

SUMMARY

[0005] Embodiments of the present invention comprise
systems and methods for providing haptic effects. One
device embodying the present invention comprises an actua-
tor, a non-volatile memory configured to store a haptic effect
profile, and a processor in communication with the actuator
and the non-volatile memory. The processor may be con-
figured to receive a sensor signal indicating a movement of
a manipulandum. The processor may further be configured
to identify an effect parameter associated with the sensor
signal in the haptic effect profile stored in the non-volatile
memory, and to generate an output signal based, at least in
part, on the effect parameter. The output signal may be
configured to cause the actuator to output a haptic effect
associated with the effect parameter.

[0006] This embodiment is mentioned not to limit or
define the invention, but to provide an example of an
embodiment of the invention to aid understanding thereof.
Ilustrative embodiments are discussed in the Detailed
Description, and further description of the invention is
provided there. Advantages offered by the various embodi-
ments of the present invention may be further understood by
examining this specification.

BRIEF DESCRIPTION OF THE FIGURES

[0007] These and other features, aspects, and advantages
of the present invention are better understood when the
following Detailed Description is read with reference to the
accompanying drawings, wherein:
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[0008] FIG. 1 illustrates a heating, ventilating, and air-
conditioning control-panel incorporating one embodiment
of the present invention;

[0009] FIG. 2 is an elevation view of a control knob haptic
device according to one embodiment of the present inven-
tion;

[0010] FIG. 3 is a block diagram, illustrating one embodi-
ment of a haptic device according to the present invention;
and

[0011] FIG. 4 is a flowchart, illustrating a method for
providing haptic effects according to one embodiment of the
present invention.

DETAILED DESCRIPTION

[0012] Embodiments of the present invention comprise
methods and systems for providing haptic effects. A variety
of haptic effect profiles and effect parameters may be utilized
in order to provide a multitude of haptic effects to the user
of a device employing an embodiment of this invention.
Embodiments of the present invention may be utilized by a
broad array of devices and systems, including cell phones,
personal digital assistants, cameras, camcorders, MP3 play-
ers, home or automobile HVAC control-panels, navigation
devices, audio reproduction devices, and other electronic
and mechanical devices and systems.

[0013] An electronic pre-programmed haptic feedback
device may incorporate a variety of technologies for pro-
viding haptic feedback, including both active and resistive
technologies. Active haptic feedback devices, including, for
example, devices incorporating motors, add energy to a
system; resistive devices, such as devices incorporating
brakes, remove energy from the system. Some active haptic
feedback devices may incorporate a resistive element, such
as a brake. Also, an active haptic feedback device (such as
a motor) may be used as a resistive device (e.g. a generator).

[0014] Active haptic actuators may utilize, for example,
alternating current (AC) or direct current (DC) electric
motors and/or generators. Resistive haptic actuators may
utilize, for example, electromagnetic brakes, magnetic par-
ticle brakes, magnetorheologic or electrorheologic brakes,
or magnetic (non-friction) brakes. Electromagnetic brakes
utilize a magnetic core, a coil, and a magnetic target. When
a current is applied to the coil, the magnetic core acts upon
the magnetic target. Magnetic particle brakes utilize a pow-
der comprising particles of a magnetic material. When a
current is applied, the particles line up and cause the powder
to expand. Rheologic fluid brakes utilize a fluid that changes
viscosity when a current is applied. A magnetic brake
generates a magnetic field, and when a piece of metal passes
through the magnetic field, an anti-current is generated,
causing a resistance to movement of the metal.

[0015] Referring now to the drawings in which like
numerals indicate like elements throughout the several fig-
ures, FIG. 1 illustrates a heating, ventilating, and air-
conditioning (HVAC) control-panel 100 incorporating one
embodiment of the present invention. The HVAC control-
panel 100 shown in FIG. 1 comprises a configuration similar
to that found in passenger automobiles and light trucks. The
HVAC control-panel 100 shown comprises several manipu-
landa, interface elements that a user of the HVAC control-
panel 100 can manipulate. In other embodiments, a single
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manipulandum may be used. The manipulanda shown in
FIG. 1 comprise substantially-round control knobs. In other
embodiments, other or additional manipulanda, such as
sliders, switches, scroll wheels, trackballs, and joysticks
may be used.

[0016] Each control knob shown in FIG. 1 is responsible
for a different function. For instance, a temperature control
knob 104 shown may be used by a user to control a
temperature of air forced into a cabin of an automobile; a fan
speed control knob 108 shown may be used to control the
speed of a fan responsible for forcing warmed or cooled air
into the cabin; and a location control knob 112 shown may
be used to control the output location(s) for the forced air.
The embodiment shown in FIG. 1 provides haptic feedback
to the control knobs 104, 108, 112 to enhance the user’s
interaction with the HVAC control-panel 100. While knobs
of differing physical structure may be used, the control
knobs 104, 108, 112 shown comprise a substantially similar
physical structure, but provide different haptic effects to a
user of the HVAC control-panel 100.

[0017] A device according to the present invention may
provide haptic feedback in various physical mechanisms,
such as the control knobs 104, 108, 112 shown in FIG. 1.
For example, the temperature control knob 104 shown in
FIG. 1 may be set anywhere between a series of four
temperature settings 120 located around the circumference
of the temperature control knob 104 by pointing the indi-
cator 116a toward the desired setting. For instance, in the
embodiment shown, the indicator 116a of the temperature
control knob 104 has been set substantially near the
“COOL” temperature setting 120. A user of the HVAC
control-panel 100 may select a different forced air tempera-
ture setting by adjusting the temperature control knob 104 to
a different temperature setting 120. For example, to increase
the temperature of the forced air, the user may turn the
temperature control knob 104 clockwise to a setting nearer
the “WARM” or “HOT” temperature settings 120

[0018] The fan speed control knob 108 shown in FIG. 1
may be set on any one of three fan speed settings 124 located
around the circumference of the fan speed control knob 108
by pointing the indicator 1165 toward the desired setting.
For instance, in the embodiment shown, the indicator 1165
of the fan speed control knob 108 has been set to the
intermediate fan speed setting 124, labeled “II” for identi-
fication. A user of the HVAC control-panel 100 may select
a lower or higher fan speed by turning the fan speed control
knob 108 to fan speed settings 124“I” or “IIL,” respectively.

[0019] The location control knob 112 shown in FIG. 1
may be set on any one of five location settings 128 located
around the circumference of the location control knob 112
by pointing the indicator 116¢ toward the desired setting. For
instance, in the embodiment shown, the indicator 116¢ of the
location control knob 112 has been set to the location setting
128 labeled “DEFROST/FEET.” Each location setting 128
of the location control knob 112 is associated with a different
combination of open and closed baffles located behind a
dashboard of the automobile comprising the HVAC control-
panel 100. Each associated combination of open and closed
baffles permits forced warmed or cooled air to escape into
the cabin at varying locations.

[0020] For example, the “DEFROST/FEET” location set-
ting 128 permits the “COOL” air forced at the intermediate
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“II” speed to escape into the cabin of the vehicle at the
driver’s feet and at a defrosting vent located substantially
near the base of the windshield of the automobile compris-
ing the HVAC control-panel 100. The user may select a
different location setting 128 by turning the indicator 116¢ of
the location control knob 112 to a different setting; for
instance, the user may select the “VENT” location setting
128 to permit the air to be forced through vents located in the
dashboard of the automobile containing the HVAC control-
panel 100.

[0021] The three control knobs 104, 108, 112 shown in
FIG. 1 each comprise substantially similar physical com-
ponents and structure, but may each be configured to provide
a different haptic effect to the user of the HVAC control-
panel 100. For example, each of the manipulanda 104, 108,
112 shown may comprise a non-volatile memory comprising
a plurality of selectable haptic effect profiles, wherein each
haptic effect profile may comprise its own set of effect
parameters from which a processor device can identify one
or more effect parameters associated with a received sensor
signal. Each of the manipulanda may further comprise a
selector switch configured to allow selection of a haptic
effect profile associated with the activity the particular
control knob will be performing in the HVAC control panel
100. In one such embodiment, when the HVAC control panel
100 is assembled, the assembler may switch the selector
switch for each manipulandum to the appropriate setting
prior to inserting the HVAC control panel 100 into a vehicle
dashboard.

[0022] For example, a haptic effect profile associated with
the temperature control knob 104 may comprise a set of
effect parameters from which a processor device can identify
effect parameters that are configured to output a resistance to
the turning of the temperature control knob 104 that is least
when the temperature control knob 104 is midway between
the extreme temperature settings 120“COLD” and “HOT.”
The resistance a user encounters when turning the tempera-
ture control knob 104 may increase as the user turns the
temperature control knob 104 toward either of the two
extreme temperature settings 120“COLD” or “HOT.”

[0023] The haptic effect profile associated with the tem-
perature control knob 104 may further comprise effect
parameters from which a processor device can generate an
output signal configured to output a “stop” haptic effect to
the user of the HVAC control-panel 100 when the indicator
1164 points to the “HOT” temperature setting 120 and the
user attempts to turn the temperature control knob 104
clockwise. Similarly, the haptic effect profile associated with
the temperature control knob 104 may further comprise
effect parameters from which a processor device can gen-
erate an output signal configured to output a “stop” haptic
effect to the temperature control knob 104 when the indi-
cator 116a points to the “COLD” temperature setting 120
and the user attempts to turn the temperature control knob
104 counter-clockwise.

[0024] The fan speed control knob 108 shown in FIG. 1,
while comprising substantially the same physical structure
as the temperature control knob 104, may be configured to
output a different set of haptic effects. In one embodiment,
the fan speed control knob 108 may comprise the same set
of three selectable haptic effect profiles as the temperature
control knob 104 and the location control knob 112. In such
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an embodiment, a manufacturer of the HVAC control panel
100 may have previously selected the one haptic effect
profile of the three that is associated with the fan speed
control knob 108.

[0025] The haptic effect profile associated with the fan
speed control knob 108 may comprise a plurality of effect
parameters from which a processor device can identify those
related to a particular sensor signal, and may generate an
output signal based, at least in part, on identified effect
parameters. For example, one of these output signals may be
configured to provide a “stop” effect to the user of the HVAC
control panel 100 if the indicator 1165 is pointed at the “I”
fan speed setting 124, and the user attempts to turn the fan
speed control knob 108 counter clockwise. Another of the
output signals may be configured to provide a detent effect
each time the user turns the fan speed control knob 108 to
a location where the indicator 1165 points at one of the three
fan speed settings 124.

[0026] The selector associated with the location control
knob 112 in such an embodiment may also have been
switched to select the haptic effect profile in the location
control knob’s 112 non-volatile memory that is associated
with controlling the location of the warmed or cooled forced
air. The haptic effect profile associated with the location
control knob 112 may comprise, for example, effect param-
eters from which a processor device may generate output
signals configured to provide a detent effect when the
indicator 116¢ points to one of the five location settings 128.
In one embodiment, the haptic effect profile associated with
the location control knob 112 may comprise effect param-
eters from which a processor device can generate output
signals configured to provide an assist effect that assists the
user in turning the location control knob 112 to the next
location setting 128 by adding a rotational force in the
direction the user is turning the location control knob 112
until the indicator 116¢ points to the next location setting
128.

[0027] FIG. 2 shows an elevation view of a control knob
haptic device 200. The control knob haptic device 200
comprises a substantially similar physical structure as the
control knobs (104, 108, 112) described with relation to
FIG. 1. The control knob haptic device 200 shown com-
prises a manipulandum, a resistive haptic actuator 204, a
sensor device 205, a processor 206, and a memory 208 in
one embodiment of the present invention. The manipulan-
dum shown comprises a control knob 202. In other embodi-
ments, the manipulandum may comprise, for example, a
slider, a switch, a scroll wheel, a trackball, or a joystick. The
control knob 202 may comprise, for example, the location
control knob (112) shown in the HVAC control-panel (100)
of FIG. 1.

[0028] At its center, the control knob 202 is connected to
a shaft 203. The control knob 202 and shaft 203 rotate
around a common axis. The actuator 204 shown comprises
a DC motor. In other embodiments, the actuator 204 may
comprise a resistive actuator, such as an electromagnetic,
magnetic particle, magnetorheologic, electrorheologic, or
magnetic brake. In yet other embodiments, a device accord-
ing to the present invention may employ both one or more
active actuators (such as a motor) and one or more resistive
actuators (such as a brake). The DC motor actuator 204
shown comprises a rotor and a stator (both not shown). The
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rotor is in direct communication with the shaft 203. In other
embodiments, the actuator 204 may further comprise a
clutch between the rotor and the shaft 203.

[0029] An actuator 204 according to the present invention
may comprise other, non-rotary forms. For instance, in one
embodiment, a slider control may comprise a haptic device,
such as an electromagnetic brake to provide resistive haptic
effects to a user. The actuator 204 shown comprises a sensor
device 205. The sensor device 205 is configured to detect a
movement of the control knob 202 manipulandum, and to
generate a sensor signal 214.

[0030] The actuator 204 shown in FIG. 2 is not free to
rotate (although in other embodiments it may rotate). The
actuator 204 shown is not free to move in the axial direction
of the shaft 203. In other embodiments, the actuator 204 may
be free to move in the axial direction of the shaft 203. For
instance, the actuator 204 may be incorporated in a control
knob that may be pushed in addition to rotated, such as a
volume/power knob commonly found on a control-panel of
an automobile stereo.

[0031] The shaft 203 shown is constrained from moving in
its axial direction, but is free to rotate as the user manipulates
the control knob 202 manipulandum unless the actuator 204
resists the rotation of the control knob 202 in response to
receiving an output signal 216 from the processor 206. In
other embodiments, the shaft 203 may be free to move in its
axial direction. In one such embodiment, the actuator 204
resists the movement of the shaft 203 in the axial direction
when actuated.

[0032] When the actuator 204 shown receives the output
signal 216 in the form of an electrical current, it applies a
force on the rotor. The force on the rotor may cause a
resistance to the rotation of the shaft 203 in communication
with the rotor, and the control knob 202 in communication
with the shaft 203. The resistance to the rotation of the
control knob 202 may cause the control knob 202 to stop or
may exert a force the user can overcome. When the actuator
204 receives an output signal 216 in the form of a pulsed
electrical current, a haptic effect in the form of a vibration
may be created.

[0033] The control knob haptic device 200 shown in FIG.
2 further comprises a processor 206. The processor 206 is in
communication with an I/O port 212. The actuator 204 is
also in communication with the I/O port 212. The processor
206 may receive the sensor signal 214 from the sensor
device 205 via the I/O port 212. The processor 206 may
identify one or more effect parameters associated with the
sensor signal 214 in the locally-stored haptic effect profile in
the memory 208. The processor 206 may then generate an
output signal 216 based, at least in part, on the identified
effect parameters. The output signal 216 may be configured
to cause the actuator 204 to output a haptic effect associated
with the identified effect parameters to the control knob 202
manipulandum.

[0034] In the embodiment shown, the output signal 216
comprises an electrical current. The electrical current of the
output signal 216 shown is supplied through the I/O port 212
by a power supply (not shown) as indicated by the arrow
218. The processor 206 may control the actuator via the
output signal 216 comprising the electrical current generated
by the power supply. Processors may comprise, for example,
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digital logical processors capable of processing input,
executing algorithms, and generating output as necessary to
create the desired tactile sensations in the control knob
haptic device 200 in response to the sensor signal 214
received from the sensor device 205. Such processors may
comprise a microprocessor, an Application Specific Inte-
grated Circuit (ASIC), and a state machine.

[0035] The processor 206 shown comprises the memory
208. The memory 208 shown comprises a non-volatile
memory. In other embodiments, the memory 208 may
comprise a volatile memory, and/or may comprise a data
storage device external to the processor 206. The memory
208 shown comprises the haptic effect profile. In other
embodiments the memory 208 may comprise a selectable
plurality of haptic effect profiles. The haptic effect profile
may comprise one or more effect parameters associated with
the sensor signal 214 output by the sensor device 205 in
communication with the control knob 202 manipulandum.
In one embodiment, the haptic effect profile may comprise
a plurality of effect parameters from which the processor 206
may generate an output signal or signals. The memory 208
shown may further comprise instructions configured to
inform the processor 206 which effect parameter or param-
eters are associated with the sensor signal within the haptic
effect profile.

[0036] The memory 208 shown may comprise, for
example, an electrically-erasable programmable read-only
memory (EEPROM), such as the type commonly used in
laptop computers to store data when the computer is placed
in a hibernation mode. The haptic effect profile in the
embodiment shown may be downloaded to the memory 208
by flashing it onto an EEPROM using a signal comprising a
voltage commonly used to program, erase, and reprogram
memory devices in a personal computer. The haptic effect
profile comprising the effect parameters may be downloaded
to the memory 208 at different times in different embodi-
ments. For instance, the haptic effect profile may be flashed
onto the memory 208 during manufacture of the control
knob haptic device 200, during installation of the control
knob haptic device 200, or any other time when the memory
208 is in communication with a device capable of down-
loading the haptic effect profile, such as a programmable
bus.

[0037] An effect parameter may be configured to define a
characteristic, such as a magnitude, a duty cycle, a period, a
waveform, or a duration, of a haptic effect based, at least in
part, on the effect parameter. The processor 206 may identify
the effect parameter(s) associated with the sensor signal in
the haptic effect profile on the memory 208. In an alternative
embodiment, a haptic device according to the present inven-
tion may comprise an external memory 208 in communica-
tion with the processor 206.

[0038] In another embodiment, the processor 206 may be
in communication with media, for example computer-read-
able media, which stores instructions that, when executed by
the processor 206, may cause the processor 206 to perform
the steps described herein. Embodiments of computer-read-
able media include, but are not limited to, an electronic,
optical, magnetic, or other storage or transmission device
capable of providing a processor, such as the processor in a
web server, with computer-readable instructions. Other
examples of media include, but are not limited to, a floppy

Feb. 23, 2006

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 processor can read. Also, various other
forms of computer-readable media may transmit or carry
instructions to a computer, including a router, private or
public network, or other transmission device or channel. The
processor 206, 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
carrying out one or more of the methods (or parts of
methods) described herein.

[0039] The processor 206 in the embodiment shown may
be capable of generating a variety of output signals 216,
each configured to cause the actuator 204 to output a distinct
haptic effect associated with one ore more different effect
parameters identified by the processor 206. For example, the
processor 206 may create effects, such as detents, between
or at the location settings (128) found around the circum-
ference of the location control knob (112) described with
reference to FIG. 1. The processor 206 may create addi-
tional effects as well, including, for example, bumps, vibra-
tions and stops by applying output signals 216 comprising
various currents to the actuator 204 shown in FIG. 2.

[0040] The I/O port 212 shown in FIG. 2 is in commu-
nication with the actuator 204, the sensor device 205, the
processor 206, and the power supply (not shown). The
sensor device 205 may communicate to the processor 206
the sensor signal 214 relating the position of the control
knob 202 through the I/O port 212. The processor 206 may
communicate to the actuator 204 through the I/O port 212
the output signal 216 comprising the electrical current,
configured to cause the DC motor actuator 204 shown to act
upon the rotor, providing the haptic effect associated with
the identified effect parameters to the user of the control
knob haptic device 200.

[0041] The I/O port 212 shown is in communication with
a power supply (as indicated by an arrow 218). The power
supply in one embodiment may comprise a power storage
device, such as a battery. In such an embodiment, the I/O
port 212 may be in communication with the power storage
device. In yet other embodiments, the processor 206 may be
in direct communication with a power storage device or
another type of power supply. In one embodiment, the
control knob haptic device 200 may comprise the power
storage device, such as a battery capable of supplying the
power necessary to cause the actuator 204 to output the
haptic effect. In such an embodiment, the power storage
device may be in communication with the processor 206
either directly or indirectly through the I/O port 212.

[0042] FIG. 3 is a block diagram, illustrating one embodi-
ment of a device 300 according to the present invention. The
device 300 shown may comprise, for instance, the control
knob haptic device 200 described in relation to FIG. 2. In
the embodiment shown, the device 300 includes a manipu-
landum 302. The manipulandum 302 may comprise one of
the control knob manipulanda discussed in relation to FIGS.
1-2 or various other types of manipulanda (such as a roller,
a trackball, a scroll wheel, a slider, a switch, etc.).

[0043] The device 300 shown further comprises an actua-
tor 304, such as a DC motor. The DC motor may comprise
a device similar to the one discussed in relation to FIG. 2 or
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another device. The manipulandum 302 and actuator 304 are
in communication with a processor 306. The processor 306
in the embodiment shown in FIG. 3 may be similar to the
processor discussed in relation to FIG. 2. The processor 306
may receive sensor signals from a position sensor in com-
munication with the manipulandum 302. The processor 306
may also perform control algorithms, identify effect param-
eters, generate output signals, and send the generated output
signals as feedback control signals to the actuator 304.

[0044] The device 300 shown further comprises a non-
volatile memory 308 (such as an EEPROM). In other
embodiments, the memory 308 may comprise a volatile
memory. The memory 308 comprises a selectable plurality
of haptic effect profiles 310. The haptic effect profiles 310
shown each may comprise a plurality of effect parameters.
The processor 306 is in communication with the memory
308. The memory 308 may comprise any suitable data
storage device of a physical size appropriate to fit within the
device 300, and comprising a capacity sufficient to store the
haptic effect profiles 310. In another embodiment, the
memory 308 may comprise a data storage device located
outside of the device 300, and may be in communication
with the device 300.

[0045] The processor 306 shown is in communication
with the memory 308. The processor 306 may identify at
least one effect parameter associated with the sensor signal
in the haptic effect profiles 310. The processor 306 may then
generate an output signal based, at least in part, on the
identified effect parameters. The output signal may be con-
figured to cause the actuator 304 to output a haptic effect
associated with the effect parameter or parameters to the
manipulandum 302. The processor 306 may output the
generated output signal to the actuator 304. In other embodi-
ments, the device 300, or a plurality of related haptic devices
300, may incorporate a plurality of actuators 304. In one
such embodiment, the processor 306 may output the output
signal to the plurality of actuators 304. In another such
embodiment, each of the plurality of actuators 304 may be
associated with a distinct haptic effect profile contained in
the selectable plurality of haptic effect profiles 310. The
processor 306 in such an embodiment may output a distinct
output signal to each of the plurality of actuators 304. In the
embodiment shown, the outputting of the output signal
based, at least in part, on the identified effect parameters may
be accomplished by sending an electrical current to the DC
motor actuator 304.

[0046] The device 300 further comprises a selector 311. In
one embodiment, the selector 311 shown may comprise, for
example, a jumper configured provide an electrical connec-
tion between two points on a circuit board comprising a
plurality of different combinations of points, wherein each
different combination of two points on the circuit board may
be associated with a distinct haptic effect profile 310 stored
in the memory 308. In another embodiment, the selector
may comprise a different form (such as a switch). The
processor 306 may be in communication with the selector
311. The selector 311 may be configured select at least one
desired haptic effect profile from the selectable plurality of
haptic effect profiles 310. In other embodiments, the select-
able plurality of haptic effect profiles 310 may comprise a
single haptic effect profile, and the device 300 may not
comprise a selector 311. In one embodiment, the selector
311 may also be configured to turn the device 300 on and off,
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and/or to enable or disable a haptic effect profile stored in the
memory 308. In another embodiment, a haptic effect profile
may be automatically or manually selected from a selectable
plurality of haptic effect profiles 310 by using one or more
digital input pins.

[0047] An output signal output by the processor 306 may
comprise an electrical current, and may be generated with
power supplied by a power supply 314. The power supply
314 may comprise a power storage device, such as a battery.
For example, in one embodiment, the power supply 314 may
comprise a 12-Volt lead-acid battery as may be commonly
found in an automobile. In one embodiment, the device 300
may comprise the power storage device. For example, in one
such embodiment, the device 300 may comprise an “n”-size
lithium-ion battery power supply 314 in communication
with the processor 306. Upon receiving the output signal
based, at least in part, on the identified effect parameter or
parameters, the actuator 304 may provide to the manipulan-
dum 302 the haptic effect (or at least one of a plurality of
haptic effects) associated with the identified effect param-
eters or parameters contained in the selectable haptic effect
profile selected by the selector 311 from the selectable
plurality of haptic effect profiles 310.

[0048] The device 300 further comprises an input means,
and/or an output means. For example, in the embodiment
shown, the device 300 comprises an input/output (I/O) port
312 for performing unidirectional or bi-directional commu-
nication with external devices utilizing an embodiment of
the present invention. The I/O port 312 may comprise, for
example, a game port or a universal serial bus (USB) port.
For instance, in one embodiment, the device 300 may be
configured to download the selectable plurality of haptic
effect profiles 310 from a programmable bus in communi-
cation with the I/O port 312 to the memory 308. In one such
embodiment, the selectable plurality of haptic effect profiles
310 may be modified or erased via communication through
the input/output port 312 with a programmable bus.

[0049] In the embodiment shown, the device 300 receives
power from an external power supply 314 via the I/O port
312. In other embodiments, power may be supplied to the
device 300 via alternative methods. For instance, power may
be supplied directly to the processor, or by utilizing an
internal power supply or a power storage device, such as a
battery, incorporated into the device 300 as described above.
Various embodiments may utilize additional components as
well, such as an amplifier to amplify signals to the actuator.

[0050] Various methods and devices utilizing the present
invention may be employed. For instance, one method
according to the present invention comprises receiving a
sensor signal from a sensor in communication with a
manipulandum, identifying an effect parameter associated
with the sensor signal in a locally-stored haptic effect profile,
and generating an output signal based, at least in part, on the
effect parameter. The sensor may sense a movement of the
manipulandum in communication therewith, and the sensor
signal may indicate such a movement.

[0051] In one embodiment, a processor in communication
with the sensor and the actuator may carry out such a
method. For example, the processor may identify one or
more effect parameters in the locally-stored haptic effect
profile and generating an output signal by receiving, gath-
ering, incorporating, sorting, or combining the one or more



US 2006/0038781 Al

identified effect parameters. In one embodiment, such a
processor may generate the output signal without commu-
nicating with any other processor device (such as a host
processor). A generated output signal may be configured to
cause an actuator to output a haptic effect associated with the
effect parameter. For example, in one embodiment, the
actuator may output the haptic effect to the manipulandum
in communication with the sensor. In another embodiment,
the actuator may output the haptic effect to an element other
than the manipulandum, such as a device housing.

[0052] Inone embodiment, the locally-stored haptic effect
profile may comprise a plurality of selectable haptic effect
profiles. A method according to the invention may further
comprise selecting, either permanently or otherwise, at least
one haptic effect profile from the selectable plurality of
haptic effect profiles in the locally-stored haptic effect pro-
file.

[0053] The actuator in one embodiment may comprise a
plurality of actuators, and the output signal may be config-
ured to cause the plurality of actuators to output the haptic
effect associated with the effect parameter, for example to a
single manipulandum or a corresponding plurality of
manipulanda. One method according to the present inven-
tion may further comprise determining a state. For instance,
a processor, such as the example processor (206) of FIG. 2,
may determine from the sensor signal (214) whether the
control knob (202) manipulandum has been turned to its
furthest extremity, indicating a state in which the control
knob (202) manipulandum may only be turned one direc-
tion. In one such embodiment, the effect parameter may be
identified in relation to the determined state. In another such
embodiment, the output signal may be generated in relation
to the determined state. In one embodiment, the processor
(206) may generate an output signal based, at least in part,
on an effect parameter or parameters in the haptic effect
profile or profiles.

[0054] The locally-stored haptic effect profile may com-
prise a haptic effect profile or selectable plurality thereof
stored in a non-volatile memory. Methods embodying the
present invention may further comprise erasing the locally-
stored haptic effect profile(s). Similarly, some embodiments
may further comprise modifying the locally-stored haptic
effect profile(s). For instance, one method further comprises
receiving the locally-stored haptic effect profile(s) from a
programmable bus. A device may be in temporary commu-
nication with the programmable bus long enough to down-
load the desired haptic effect profile or profiles. The pro-
grammable bus may electrically connect the processor
device with various components of a computer by forming
paths along which electrical signals comprising data may
travel. In one embodiment, a downloaded haptic effect
profile may be stored in a memory (such as a non-volatile
memory).

[0055] An effect parameter or plurality thereof in the
locally-stored haptic effect profile(s) may also be modifiable
in some embodiments. For instance, an effect parameter(s)
may be erasable and modifiable. One embodiment further
comprises receiving the effect parameter(s) from a program-
mable bus. Another such method further comprises storing
the effect parameter(s) in the locally-stored haptic effect
profile(s).

[0056] The present invention may also be embodied in a
device. One such device comprises an actuator, a non-
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volatile memory configured to store a haptic effect profile,
and a processor in communication with the non-volatile
memory and the actuator. The non-volatile memory may
comprise one or more haptic effect profiles in one embodi-
ment. In such an embodiment, a stored haptic effect profile
may comprise one or more effect parameters. The actuator
may comprise a plurality of actuators, and the processor may
be in communication with the plurality of actuators.

[0057] The processor may be configured to receive a
sensor signal indicating a movement of a manipulandum. In
one embodiment, a device according to the present invention
may further comprise a sensor in communication with the
processor and one or both of the manipulandum and the
actuator. The sensor in such an embodiment may be con-
figured to generate the sensor signal received by the pro-
cessor. The processor may further be configured to identify
at least one effect parameter associated with the sensor
signal in the haptic effect profile. The processor may also be
configured to generate an output signal based, at least in part,
on the identified effect parameter. The processor-generated
output signal may be configured to cause the actuator to
provide a haptic effect associated with the effect parameter.
For example, in one embodiment, the haptic effect may be
provided to the manipulandum the sensor signal indicated a
movement of.

[0058] A device according to the present invention may
further comprise a power supply in communication with the
processor. The power supply may be in communication with
the actuator, and configured to supply power required to
generate the output signal. In one embodiment comprising a
power supply, the power supply may comprise a power
storage device, such as a battery.

[0059] The haptic effect profile may comprise a selectable
plurality of haptic effect profiles, each comprising one ore
more effect parameters. A device according to the present
invention may further comprise a selector configured to
allow selection of at least one desired haptic effect profile
from the selectable plurality of haptic effect profiles in the
non-volatile memory. In one such embodiment, the selector
may be configured to allow a permanent selection of at least
one haptic effect profile from the selectable plurality of
haptic effect profiles. The selector may comprise, for
example, a switch, a jumper, or any other suitable means for
selecting at least one haptic effect profile from the selectable
plurality of haptic effect profiles in the non-volatile memory.

[0060] For example, in one embodiment, a device accord-
ing the present invention may comprise a bi-polar switch in
communication with the processor. In one such embodiment,
the bi-polar switch may be configured, for example, to allow
a manufacturer, installer, or user to select between two
haptic effect profiles in the non-volatile memory based on
the intended use of the device and/or on a user preference.
In another embodiment, the selector may comprise a piece
of solder that has been soldered between two electrical
contact points on a circuit board such that a haptic effect
profile has been selected from the selectable plurality thereof
in the non-volatile memory.

[0061] The non-volatile memory may comprise, in one
embodiment, an EEPROM. In one embodiment, the non-
volatile memory may be configured to download the haptic
effect profile(s). In such an embodiment, the haptic effect
profile(s) may comprise a downloaded haptic effect pro-
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file(s). In one such embodiment, the downloaded haptic
effect profile(s) may be configured to be downloaded from
a programmable bus to the non-volatile memory. Similarly,
an embodiment may comprise a downloaded effect param-
eter or plurality thereof in the haptic effect profile(s). For
instance, a downloaded effect parameter may be configured
to be downloaded from a programmable bus to a locally-
stored haptic effect profile.

[0062] One device according to the present invention may
further comprise a modifiable haptic effect profile or select-
able plurality thereof. For example, in one embodiment, an
effect parameter or parameters in a haptic effect profile may
be modifiable in order to permit the device to output a
different haptic effect or effects. Another embodiment may
comprise an erasable haptic effect profile. For example, in
one embodiment, one or more effect parameters in a locally-
stored haptic effect profile may be erasable or modifiable.

[0063] The present invention may alternatively be embod-
ied in a computer-readable medium on which is encoded
program code. The program code in such an embodiment
may comprise program code for receiving a sensor signal
from a sensor in communication with a manipulandum. For
example, the sensor signal may comprise an indication of a
movement of the manipulandum. The computer-readable
medium may further comprise program code for identifying
at least one effect parameter associated with the sensor
signal in a locally-stored haptic effect profile, and program
code for generating an output signal based, at least in part,
on the effect parameter. The output signal may be configured
to cause an actuator to output a haptic effect associated with
the effect parameter. For example, in one embodiment, the
haptic effect may be output to the manipulandum that the
sensor signal indicated a movement of. In another embodi-
ment, the haptic effect may be output to another element of
a device, such as a housing.

[0064] One such computer-readable medium embodiment
may further comprise program code for selecting the haptic
effect profile from a selectable plurality of haptic effect
profiles contained in a non-volatile memory. A computer-
readable medium embodiment may further comprise pro-
gram code for a multitude of different functions. For
instance, an embodiment may comprise program code for
modifying the locally-stored haptic effect profile. Another
embodiment may comprise program code for erasing the
locally-stored haptic effect profile.

[0065] The locally-stored haptic effect profile may be
downloaded. One such embodiment may further comprise
program code for receiving the locally-stored haptic effect
profile from a programmable bus. Another such embodiment
may further comprise program code for storing the locally-
stored haptic effect profile in a memory, such as the non-
volatile memory. Similarly, the one or more effect param-
eters in the locally-stored haptic effect profile may be
downloaded. In one such embodiment, the computer-read-
able medium may comprise program code for receiving an
effect parameter from a programmable bus. Another such
embodiment may comprise program code for storing an
effect parameter in the locally-stored haptic effect profile.
Another embodiment may comprise program code for deter-
mining a state.

[0066] Referring again to the Figures, FIG. 4 is a flow-
chart illustrating a method for providing haptic effects
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according to one embodiment of the present invention. The
method shown in illustrated in FIG. 4 is described with
reference to HVAC control-panel (100) shown in FIG. 1. A
user of the HVAC control-panel (100) may be in the process
of changing the escape location of warmed or cooled forced
air into an automobile comprising the HVAC control-panel
(100) utilizing an embodiment of the present invention. The
HVAC control-panel (100) may include a location control
knob (112). For example, the location control knob (112)
may be the manipulandum of FIG. 2. The user of the HVAC
control-panel (100) may determine that the automobile cabin
temperature near a floor of the automobile is too cool. The
user may then utilize an interface device, such as the
location control knob (112), to change the output location of
forced warmed air to a location setting (128) that will permit
the forced air to escape near the floor of the automobile. For
instance, the user may turn the location control knob (112)
to the “FEET” location setting (128).

[0067] As shown in box 405 of FIG. 4, when the user
turns the location control knob (112) manipulandum, a
processor may receive a sensor signal from a sensor in
communication with the location control knob (112)
manipulandum. As shown in box 410, in the embodiment
shown, the processor may determine a state. For instance,
the processor may determine whether the location control
knob (112) is beginning its rotational movement from a
position corresponding to a location setting (128), or from a
position not corresponding to a location setting (128). As
shown in box 415, the processor may then identify at least
one effect parameter associated with the sensor signal in a
locally-stored haptic effect profile. The identified effect
parameter or parameters, as in the embodiment shown, may
further be associated with the state determination made by
the processor.

[0068] The processor may be in communication with an
actuator. As shown in box 420, the processor may generate
an output signal based, at least in part, on the identified effect
parameter. The output signal may be configured to cause the
actuator in communication with the control knob (112)
manipulandum to output a haptic effect associated with the
effect parameter on the control knob (112). For instance, the
actuator may comprise a DC motor in direct communication
with the location control knob (112). In such an embodi-
ment, the output signal may comprise an electrical current.
The electrical current may be configured to cause the DC
motor actuator in communication with the location control
knob (112) to create a detent haptic effect associated with the
identified effect parameter between the location settings
(128). The detent effect may be caused by a DC motor
actuator creating a resistance on the location control knob
(112) over a short interval of time in response to receiving
the electrical current. The user can overcome the detent
haptic effect by continuing to turn the location control knob
(112) to a desired location setting (128). The detent haptic
effect may provide an indication to the user that he or she is
between location settings (128), and that the location control
knob (112) must be turned further to select a location setting
(128).

[0069] The method shown in FIG. 4 may also be used to
provide a stop effect to the user. If the user attempts to turn
the location control knob (112) too far, for instance, clock-
wise past the “DEFROST” location setting (128), the pro-
cessor device may receive a sensor signal from the sensor in
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communication with the location control knob (112) and
determine that the user has inadvertently attempted to turn
the location control knob (112) the wrong way. The proces-
sor may then identify in the locally-stored haptic effect
profile one or more effect parameters associated with the
sensor signal that indicates a state where the user has
attempted to turn the control knob (112) the wrong way.

[0070] The processor may then generate an output signal
based, at least in part, on the identified effect parameters. For
example, the processor may generate an output signal com-
prising aspects of a plurality of identified effect parameters,
such as a period and amplitude of a sine wave output signal,
as well as the duration of the output signal. The output signal
may be configured to cause the actuator to output a “stop”
haptic effect associated with the identified effect parameters
on the control knob (112). The generated output signal may
then be transmitted to the actuator, causing a strong resis-
tance to the further rotation of the location control knob
(112) in the wrong direction that may not be overcome.
Various other types of effects may be utilized. For example,
in one embodiment, the actuator may provide a “bump”
haptic effect when the location control knob (112) is rotated
to a location setting (128).

[0071] Embodiments of the present invention may be
incorporated into a broad array of devices. For example, an
instrument control interface in an automobile may utilize
rotary control knobs comprising DC motor haptic actuators
according to the present invention. A television remote
control may also incorporate an embodiment of the present
invention for channel navigation, volume control, and other
related functions. Similarly, an audio component remote
control may utilize an embodiment for volume control or
other audio control. A laptop computer may utilize an
embodiment for navigation, volume control, or any other
function utilizing a control knob, scroll wheel, scroll drum,
linear slider, or similar user interface device. Home or
automobile HVAC control-panels, handheld navigation
devices, and handheld email appliances may also benefit
from utilizing an embodiment of the present invention.

[0072] The foregoing description of the embodiments of
the invention has been presented only for the purpose of
illustration and description and is not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Numerous modifications and adaptations thereof will be
apparent to those skilled in the art without departing from
the spirit and scope of the present invention.

That which is claimed:
1. A device comprising:

an actuator;

a non-volatile memory configured to store a haptic effect
profile; and

a processor in communication with the actuator and the
non-volatile memory, the processor configured to:

receive a sensor signal indicating a movement of a
manipulandum;

identify an effect parameter associated with the sensor
signal in the haptic effect profile; and
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generate an output signal based, at least in part, on the
effect parameter, the output signal configured to
cause the actuator to output a haptic effect associated
with the effect parameter.

2. The device of claim 1, wherein the haptic effect profile
comprises a selectable plurality of haptic effect profiles.

3. The device of claim 2, further comprising a selector
configured to allow selection of at least one haptic effect
profile from the selectable plurality of haptic effect profiles.

4. The device of claim 3, wherein the selector is config-
ured to allow permanent selection of the at least one haptic
effect profile.

5. The device of claim 1, further comprising a sensor in
communication with the manipulandum and the processor,
wherein the sensor is configured to generate the sensor
signal.

6. The device of claim 1, wherein the actuator comprises
a plurality of actuators.

7. The device of claim 1, wherein the non-volatile
memory is configured to download the haptic effect profile.

8. The device of claim 1, further comprising a down-
loaded haptic effect profile.

9. The device of claim 8, wherein the downloaded haptic
effect profile is configured to be downloaded from a pro-
grammable bus.

10. The device of claim 8, wherein the downloaded haptic
effect profile is configured to be downloaded to the non-
volatile memory.

11. A method comprising:

providing an actuator;

providing a non-volatile memory configured to store a
haptic effect profile; and

providing a processor in communication with the actuator
and the non-volatile memory, the processor configured
to:

receive a sensor signal indicating a movement of a
manipulandum;

identify an effect parameter associated with the sensor
signal in the haptic effect profile; and

generate an output signal based, at least in part, on the
effect parameter, the output signal configured to
cause the actuator to output a haptic effect associated
with the effect parameter.

12. The method of claim 11, wherein the haptic effect
profile comprises a selectable plurality of haptic effect
profiles.

13. The method of claim 12, further comprising providing
a selector configured to allow selection of at least one haptic
effect profile from the selectable plurality of haptic effect
profiles.

14. The method of claim 13, wherein the selector is
configured to allow permanent selection of the at least one
haptic effect profile.

15. The method of claim 11, further comprising providing
a sensor in communication with the manipulandum and the
processor, wherein the sensor is configured to generate the
sensor signal.

16. A method comprising:

receiving a sensor signal indicating a movement of a
manipulandum from a sensor in communication with
the manipulandum;
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identifying an effect parameter associated with the sensor
signal in a locally-stored haptic effect profile; and

generating an output signal based, at least in part, on the
effect parameter, the output signal configured to cause
an actuator to output a haptic effect associated with the
effect parameter.

17. The method of claim 16, wherein the locally-stored
haptic effect profile comprises a selectable plurality of haptic
effect profiles.

18. The method of claim 17, further comprising selecting
at least one haptic effect profile from the selectable plurality
of haptic effect profiles.

19. The method of claim 18, wherein selecting at least one
haptic effect profile comprises permanently selecting the at
least one haptic effect profile.

20. The method of claim 16, wherein the actuator com-
prises a plurality of actuators.

21. The method of claim 16, further comprising modify-
ing the locally-stored haptic effect profile.

22. The method of claim 16, further comprising receiving
the locally-stored haptic effect profile from a programmable
bus.

23. The method of claim 16, further comprising storing
the locally-stored haptic effect profile in a non-volatile
memory.

24. A computer-readable medium on which is encoded
program code, the program code comprising:

program code for receiving a sensor signal indicating a
movement of a manipulandum from a sensor in com-
munication with the manipulandum;
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program code for identifying an effect parameter associ-
ated with the sensor signal in a locally-stored haptic
effect profile; and

program code for generating an output signal based, at
least in part, on the effect parameter, the output signal
configured to cause an actuator to output a haptic effect
associated with the effect parameter.
25. The computer-readable medium of claim 24, wherein
the locally-stored haptic effect profile comprises a selectable
plurality of haptic effect profiles.

26. The computer-readable medium of claim 25, further
comprising program code for selecting at least one haptic
effect profile from the selectable plurality of haptic effect
profiles.

27. The computer-readable medium of claim 26, wherein
the program code for selecting at least one haptic effect
profile comprises program code for permanently selecting
the at least one haptic effect profile.

28. The computer-readable medium of claim 24, further
comprising program code for modifying the locally-stored
haptic effect profile.

29. The computer-readable medium of claim 24, further
comprising program code for receiving the locally-stored
haptic effect profile from a programmable bus.

30. The computer-readable medium of claim 24, further
comprising program code for storing the locally-stored
haptic effect profile in a non-volatile memory.



