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57 ABSTRACT

A method is disclosed that includes outputting haptic feed-
back based on a movement of an object in a first direction
from a first position to a second position. The haptic
feedback is discontinued when the object is moved in a
second direction opposite the first direction subsequent to
the movement in the first direction. The haptic feedback is
output again when the object moves past the second position
in the first direction.
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CONTROL SCHEMES FOR HAPTIC FEEDBACK
INTERFACE DEVICES

STATEMENT OF RELATED APPLICATION(S)

[0001] The present application is a divisional of U.S.
patent application Ser. No. 10/895,982, entitled “Hybrid and
Resistive Haptic Effects,” filed on Jul. 22, 2004 which
claims priority to U.S. Patent Application No. 60/533,129,
entitled “Hybrid and Resistive Haptic Effects,” filed on Dec.
30, 2003.

TECHNICAL FIELD

[0002] The present disclosure relates generally to control
schemes for haptic feedback interface devices, and more
particularly to resistive and hybrid actuator control schemes
for haptic feedback interface devices.

BACKGROUND

[0003] Haptic feedback interface devices are used for a
variety of different functions and are often used with a
variety of computer systems. For example, haptic feedback
interface devices are used with computer controlled simu-
lations, games, and other application programs. A computer
system typically displays a graphical environment to a user
on a display screen or other output device. The user can
interact with the displayed environment to play a game,
experience a simulation or “virtual reality” environment, or
otherwise influence events or images depicted on the screen
or in an application program or operating system. Such user
interaction can be implemented through an interface device,
such as a joystick, “joypad” button controller, mouse, track-
ball, stylus and tablet, foot or hand pedals, control knob,
touch panel, etc., that is connected to the computer system.
The computer updates the graphical display in response to
manipulation of the interface device and provides haptic
feedback based on manipulation and/or movement of the
object. Examples of such interface devices are disclosed in
U.S. application Ser. No. 10/285.450, entitled “Method and
Apparatus for Providing Tactile Sensations,” which is incor-
porated herein by reference in its entirety.

[0004] The haptic feedback provided by the interface
device 1s often output via actuators in the interface device.
These actuators typically include either an active actuator or
a resistive actuator, depending upon the desired haptic effect.
In addition, interface devices exist that include both resistive
and active actuators (i.e., hybrid interface devices). Such
interface devices, however, often use the different types of
actuators to output feedback that is actuator dependent. In
other words, the resistive actuator is used to output one type
of feedback and the active actuator is used to output a
different type of feedback.

[0005] A need exists, however, for improvements in inter-
face devices and control schemes for interface devices that
use resistive and active actuators to produce desired haptic
effects.

Overview

[0006] A method is disclosed that includes outputting
haptic feedback based on a movement of an object in a first
direction from a first position to a second position. The
haptic feedback is discontinued when the object is moved in
a second direction opposite the first direction subsequent to
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the movement in the first direction. The haptic feedback is
output again when the object moves past the second position
in the first direction.

[0007] In other embodiments, a device is disclosed that
includes an object displaceable in at least one degree of
freedom with respect to a first reference point. A sensor is
configured to output a position signal associated with a
displacement of the object, the displacement being one of a
first displacement, a second displacement and a third dis-
placement. An actuator is configured to output a resistive
force based on the position signal, the resistive force being
associated with the first displacement of the object in a first
direction away from the first reference point until the object
is moved to a position. The resistive force is discontinued
when the position signal is associated with the second
displacement in a second direction opposite the first direc-
tion. The resistive force is further output after the third
displacement in the first direction past the position, subse-
quent to the object being moved in the second direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a schematic representation of a haptic
feedback interface device according to an embodiment.

[0009] FIG. 2 is an illustration of a device according to an
embodiment.
[0010] FIG. 3 is an illustration of a force profile associated

with a control scheme according to an embodiment.

[0011] FIG. 4 is an illustration of a force profile associated
with a control scheme according to a further embodiment.

[0012] FIG. 5A is an illustration of a force profile associ-
ated with a control scheme for a hybrid interface device
according to an embodiment.

[0013] FIG. 5B is an illustration of a force profile associ-
ated with a control scheme for a hybrid interface device
according to an embodiment.

[0014] FIG. 6A is an illustration of a force profile associ-
ated with a control scheme associated with direction-depen-
dent detents for a hybrid interface device according to an
embodiment.

[0015] FIG. 6B is an illustration of a force profile associ-
ated with a control scheme associated with direction-depen-
dent detents for a hybrid interface device according to
another embodiment.

[0016] FIG. 7 is a schematic representation of a hybrid
interface device according to an embodiment.

[0017] FIG. 8 is a schematic representation of a hybrid
interface device according to another embodiment.

[0018] FIG. 9A is an actuator command associated with a
force profile of an interface device without demagnetization.

[0019] FIG. 9B is the actuator response of the interface
device based on the actuator command shown in FIG. 9A.

[0020] FIG. 9C is an actuator command associated with
demagnetization of an interface device according to an
embodiment.

[0021] FIG. 9D is the actuator response of the interface
device based on the actuator command shown in FIG. 9C,
including a demagnetization pulse.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[0022] FIG.1 is a schematic representation of an interface
device 10 according to an embodiment. The interface device
10 includes a manipulandum or an object 20 that is coupled
to a sensor 25 and is movable in at least one degree of
freedom. The sensor 25 is configured to output sensor
signals to a microcontroller 27. The microcontroller 27
outputs signals to an actuator 40 based on at least one of the
position, velocity, direction, force, torque and acceleration
of the object 20.

[0023] In some embodiments, the microcontroller 27
includes a processor 30 having a processor readable medium
35. The processor 30 is configured to receive signals from
the sensor 25, and output signals to the actuator 40. The
processor 30 can be, for example, a commercially available
personal computer, or a less complex computing or process-
ing device that is dedicated to performing one or more
specific tasks. For example, the processor 30 can be dedi-
cated to providing an interactive virtual reality environment.

[0024] The processor 30, according to one or more
embodiments, can be a commercially available micropro-
cessor. Alternatively, the processor 30 can be an application-
specific integrated circuit (ASIC) or a combination of
ASICs, which are designed to achieve one or more specific
functions, or enable one or more specific devices or appli-
cations. In yet another embodiment, the processor 30 can be
an analog or digital circuit, or a combination of multiple
circuits.

[0025] In some embodiments, the processor 30 includes
the processor readable medium 35. The processor readable
medium 35 can include one or more types of memory. For
example, the processor readable medium 35 can include a
read only memory (ROM) component and a random access
memory (RAM) component. The processor readable
medium 35 can also include other types of memory that are
suitable for storing data in a form retrievable by the pro-
cessor 30. For example, electronically programmable read
only memory (EPROM), erasable electronically program-
mable read only memory (EEPROM), flash memory, as well
as other suitable forms of memory can be included within
the processor readable medium 35. The processor 30 can
also include a variety of other components, such as for
example, co-processors, graphics processors, etc., depend-
ing upon the desired functionality of the interface device 10.

[0026] The processor 30 is in communication with the
processor readable medium 35, and can store data in the
processor readable medium 35 or retrieve data previously
stored in the processor readable medium 35. The compo-
nents of the processor 30 can communicate with devices
external to the processor 30 by way of an input/output (1/0)
component (not shown in FIG. 1). According to one or more
embodiments, the /O component can include a variety of
suitable communication interfaces. For example, the 1/O
component can include, for example, wired connections,
such as standard serial ports, parallel ports, universal serial
bus (USB) ports, S-video ports, local area network (LAN)
ports, small computer system interface (SCSI) ports, and so
forth. Additionally, the I/O component can include, for
example, wireless connections, such as infrared ports, opti-
cal ports, Bluetooth™ wireless ports, wireless LAN ports, or
the like.

[0027] The processor 30 is configured to receive signals
from the sensor 25 and output signals to the actuator 40. The
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processor 30 receives data values associated with the posi-
tion, orientation, movement, velocity, acceleration, etc. of
the object 20. In alternative embodiments, multiple sensors
(not shown) can be used to determine the state of the object
20. In some embodiments, the sensors can detect multiple
degrees of freedom of the object (e.g., translation, pitch,
yaw, rotation, etc.). Interface device 10 can be implemented
such that the object 20 is, for example, a joystick, trackball,
mouse, game controller, knob, wheel, button, etc.

[0028] Several control schemes are useful to control the
output of haptic feedback from the interface device 10 via
particular actuator and object configurations. In one embodi-
ment, for example, the object 20 is a knob or wheel and a
control scheme is provided to output simulated detent force
profiles. Haptic feedback effects for knobs are disclosed in
U.S. patent application Ser. No. 10/641,243, entitled “Haptic
Feedback Effects for Control Knobs and Other Interface
Devices,” which is incorporated herein by reference in its
entirety.

[0029] In one embodiment, control schemes are used in
conjunction with a resistive actuator to provide a desired
haptic effect. An actuator 40 is provided for each object 20
that includes haptic feedback functionality. In some embodi-
ments, additional actuators can be provided for each degree
of freedom of object 20. Actuator 40, can be an active
actuator, such as a linear current control motor, stepper
motor, pneumatic/hydraulic active actuator, a torque motor
(motor with limited angular range), voice coil actuator, etc.
Passive actuators can also be used, including magnetic
particle brakes, friction brakes, or pneumatic/hydraulic pas-
sive actuators, and generate a damping resistance or friction
opposite a direction of movement of object 20. Resistive
actuators, as discussed herein, include passive actuators.
Active actuators, as discussed herein, include assistive
actuators.

[0030] One implementation of a control scheme includes
controlling the haptic feedback based on the velocity of the
object 20 (e.g., a knob). In such an implementation, detents
output with resistive actuators can have a drawback when
moving at high speeds. The simple position-based detent
output via resistive actuators provides a sufficiently realistic
and acceptable sensation at low speeds. When the object 20
is moved quickly, however, the detents are perceived at a
much lower magnitude. One way to compensate for this
effect is to make the magnitude of the detents a function of
the velocity. As the velocity increases, so does the peak
torque of the detents.

[0031] Referring to FIGS. 2 and 3, a control scheme
according to an embodiment includes resetting a boundary
of a virtual barrier encountered during movement of an
object 200. The forces output can be, for example, simulated
spring forces, and can be associated with an event in a
graphical environment. For example, the movement of the
object 200 may be associated with a movement of a graphi-
cal object on a display, such as in a video game. The barrier
may include a wall in the same video game that is contacted
by the moving graphical object. In the illustrated embodi-
ment, the object 200 is a knob, but any object movable in at
least two directions can be used (e.g., a joystick, a mouse,
etc). The forces output by the actuators can also be used in
other applications, such as a simulated radio tuning knob.
When the knob reaches the end of the frequency range of the
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radio, force is output to simulate reaching the end of the
range. [n such an embodiment, the “barrier” is the end of the
frequency range of the radio. As the knob continues to be
turned in that same direction, force will continue to be
output. When the knob is turned in the opposite direction,
back across the range of radio frequencies, the resistive force
is discontinued and the barrier position is reset as discussed
above. The force is again output when the knob is turned
back towards the end of the frequency range at the point
where the knob engages the reset barrier position.

[0032] As the object 200 is moved through various posi-
tions, the output of the actuator can be modified. The object
starts at position P, at a time t,. As the object 200 is moved
in a first direction away from its original position P, to a
second position P, at time t,, no force is output by the
actuator 40. As the object contacts a barrier at the barrier
position P, a resistive force is output by the actuator 40
based on the movement and/or position of the object 200
until the object reaches position P, at time t,. The force that
is output during the movement of the object 200 from
position P, at time t, to position P, at time t, can be a
constant resistive force as illustrated in FIG. 3 or a resistive
force proportional to the distance of penetration into the
virtual barrier (not illustrated).

[0033] The haptic feedback is discontinued when the
object 200 is moved in the second direction opposite the first
direction (i.e., when the object is moved from P, at time t,
to P, at time t;. When the object 200 stops at position P,
position P, is reset as the position of the barrier. Thus, it is
not necessary to move the object 200 back through the
previously penetrated distance into the barrier. When the
object is moved back in the first direction, from P, to P,, no
force is output until the object reaches the new position of
the barrier, P,, at time t,. When the object 200 reaches
position P, at time t,, the resistive force is output until the
object reaches position P;. When the object 200 reaches
position P, the force output can be discontinued if the object
is moved back in the second direction. Alternatively, the
object 200 can continue to be moved in the first direction,
thus continuing to output the resistive force.

[0034] In an alternative embodiment, haptic feedback can
be output when the object 200 is moved in the second
direction (e.g., from P, to P,). The haptic feedback that is
output when the object 200 is moved in the second direction
can be different than the haptic feedback associated with
movement of the object 200 in the first direction. For
example, the haptic feedback associated with the movement
of the object 200 in the first direction can be a constant
resistive force and the haptic feedback associated with the
movement of the object 200 in the second direction can be
a simulated detent represented by the dashed line in FIG. 3.

[0035] In another embodiment, position reset can be
accomplished for the output of a detent. For example, when
resistive actuators are used to output detent forces, a user
will often release the object or manipulandum when the
object is positioned off the center of the detent. Without
position reset, the first detent output when the object is next
engaged is not consistent with other detent outputs because
the object did not start in the center of the detent. To provide
more consistent initial detent interaction with a resistive
actuator, the position of the object is redefined to be the
center of the detent after the user has released the object. The
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release of the object can be detected in various ways. For
example, a sensor could be used to detect when contact with
the object has ended. Alternatively, the center position can
be reset after the object has not been moved for a period of
time.

[0036] Another implementation of a force profile associ-
ated with a control scheme according to an embodiment
includes using a resistive actuator to create an assistive
sensation. Referring to FIG. 4, the resistive actuator can be
set to output a given level of force. At some point, such as
a predetermined location or orientation A, or at a predeter-
mined time, the resistive actuator abruptly reduces the
amount of force being output to zero, for example, thereby
reducing to almost zero the friction on the object. Such an
abrupt reduction in the output force provides the sensation of
an assistive force. When the object 20 is moved out of the
predetermined location or orientation to another location or
orientation A,, the resistive force is again output. The
locations or orientations A, A, can be associated with
simulated interactions in a graphical environment or can be
time-based.

[0037] In another embodiment, control schemes are used
in conjunction with a resistive actuator and an active actua-
tor to provide a desired haptic effect, such as a simulated
detent. Interface devices that use both assistive and resistive
actuators can be referred to herein as “hybrid” interface
devices.

[0038] Examples of force profiles associated with control
schemes that can be used with hybrid interface devices to
output simulated detent forces are illustrated in FIGS. 5A,
5B, 6A and 6B. Referring first to FIG. 5A, an example of a
force profile associated with a control scheme is illustrated
in which an assistive force is continuously output by the
assistive actuator and is based on the position of the object.
At predetermined locations, also based on the position of the
object, a resistive force provided by the resistive actuator is
superposed on the assistive force. The collective effect from
the assistive and resistive forces provides an enhanced
detent sensation.

[0039] FIG. 5B illustrates another example of a force
profile associated with a control scheme in which both
assistive and resistive actuators are used to output a simu-
lated detent force. In the illustrated control scheme, both
active and resistive forces are both continuously output
based on the position of the object to obtain the desired
detent sensation.

[0040] FIGS. 6A and 6B illustrate examples of force
profiles associated with control schemes for use with a
hybrid device to provide direction-dependent detents. For
example, FIG. 6A illustrates an example of a force profile
associated with a control scheme in which assistive forces
and resistive forces are output in an alternating manner
based on the position of the object. For example, as an object
is moved from left to right, an assistive force will be applied
over a certain distance, followed by a resistive force applied
over a distance. FIG. 6B illustrates an example of a control
scheme in which assistive forces and resistive forces are
output in an alternating manner based on the position of the
object. In the illustrated embodiment of FIG. 6B, however,
the assistive force is applied in the opposite direction
because the object is moved in the opposite direction. For
example, as the object is moved from right to leff, an
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assistive force will be applied over a distance in the direction
opposite the direction the assistive force applied when the
object is moved from left to right, followed by a resistive
force applied over a distance.

[0041] Hybrid devices have at least one active actuator
and at least one resistive actuator coupled to the object 20 to
provide different force effects as described above. Both of
these actuators have different filtering requirements with
respect to the signals generated by the sensor coupled to the
object (e.g., position signals, velocity signals, acceleration
signals). For the assistive force component of the signal, a
balance between the delay and the smoothness of the signal
should be achieved. Too much delay in the signal can result
in instabilities of the device, while too much noise in the
signal can result in unwanted textures that can be perceived
by the user. For delay purposes, a velocity signal can be
filtered at frequencies of at least approximately 100 Hz, for
example.

[0042] The filtering requirements for the resistive force
component are different from the filtering requirements for
the assistive force component. Because the resistive force
component of the signals output by the sensor is inherently
stable, the filtering can be much more aggressive, resulting
in a smoother signal. The velocity signal for the resistive
component can be low passed at approximately 10 Hz, for
example. Regardless of the particular type of signal and the
frequencies at which the two components are filtered, the
active component is typically filtered at a higher frequency
than the resistive component.

[0043] The signal filtering can be accomplished using
various configurations. For example, referring to FIG. 7, one
filter 700 can be used. In such a configuration, the single
filter performs different functions depending on whether the
signal being filtered is associated with the active actuator
400 or the resistive actuator 450. Alternatively, referring to
FIG. 8, two separate filters can be used. One filter 800 is
associated with the active actuator 400 and another filter 850
is associated with the passive actuator 450. The different
filters 800, 850 perform different functions based on the
actuator with which they are associated.

[0044] One concern with some embodiments of interface
device described herein is that as the interface device 10 is
being used, it can become magnetized over time depending
on the materials used to construct the interface device 10. As
the actuator is repeatedly actuated, the actuator “sticks”
because it becomes magnetized. In other words, the resistive
actuator doesn’t release quickly enough, thereby creating the
“stickiness” discussed above. This is due to residual mag-
netization, which produces a friction level higher than the
base line friction in the actuator. To improve the resistive
actuator performance, the residual magnetization can be
eliminated.

[0045] FIGS. 9A and 9B illustrate the actuator command
910 and actuator response 920 of an interface device without
demagnetization, respectively. When the actuator command
910 is set to zero after detents are output, the friction level
of the actuator response 920 due to the residual magnetiza-
tion is higher than the friction before the detents were output
as illustrated in FIG. 9B.

[0046] The interface device can be demagnetized by
reversing the polarization of the magnetic field for succes-
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sive simulated detents to demagnetize the interface device
(i.e., applying a demagnetization pulse 950). The standard
method of demagnetization is to apply a decaying sinusoid
pulse. In some embodiments, a single pulse is used to
demagnetize the actuator. The demagnetization pulse 950 is
a negative pulse of certain size and duration that will
improve the demagnetization of the actuator. FIG. 9C illus-
trates the actuator command 910' including application of
the demagnetization pulse 950, and the associated actuator
response 920'. Once the demagnetization pulse 950 is
applied, the friction in the actuator returns to the level it was
at before the detents were output as illustrated in FIG. 9D.

[0047] In addition to the polarity of the voltages alternat-
ing at each subsequent position, the magnitude of the voltage
output may vary with each successive detent. If a given
pulse of duration A, and magnitude A, demagnetizes the
actuator, a pulse of reduced A, and increased A, will work
as well. The varying magnitude may be based on the position
of the object with respect to a reference point or origin
position. The magnitude may also vary based on the range
of motion through which the object travels.

[0048] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. Thus, the
breadth and scope of the subject matter should not be limited
by any of the above-described embodiments, but should be
defined only in accordance with the following claims and
their equivalence.

[0049] The previous description of the embodiments is
provided to enable any person skilled in the art to make or
use the claimed subject matter. While the subject matter has
been particularly shown and described with reference to
embodiments thereof, it will be understood by those skilled
in art that various changes in form and details may be made
therein without departing from the spirit and scope of the
inventive subject matter.

[0050] For example, the desired effects described herein
can be accomplished by any combination of resistive and
active actuators. For example, although certain effects are
described as being accomplished with an active actuator, the
same effect may be accomplished by a resistive actuator or
a combination of a resistive actuator and an active actuator
(i.e., as in a hybrid interface device).

[0051] Although the haptic effect is primarily described as
being a simulated detent in some embodiments, in alterna-
tive embodiments the output from the interface device can
include desired haptic feedback. For example, the haptic
feedback can be a vibration, a jolt, a hill, a spring force, a
texture, etc.

[0052] Although the various force profiles and associated
control schemes are primarily disclosed as being based on
the position of the object of the device, the various force
profiles may also be velocity, acceleration, torque, force,
and/or time based.

What is claimed is:
1. A method, comprising:

receiving a signal associated with a movement of an
object from a first position associated with a detent to
a second position associated with the detent, the detent
having a center position;
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outputting a resistive force on the object based on the
signal, the resistive force operative to simulate the
detent;

receiving an indication of no movement of the object for
a predetermined amount of time; and

defining the second position associated with the detent as
the center position of the detent when the object is not
moved for more than the predetermined time.
2. A method of outputting a detent haptic effect, compris-
ing:
selecting a rotatable knob having an active actuator and a
resistive actuator coupled thereto;

sensing movement of a rotatable knob in a first direction;

outputting an assistive haptic effect from the assistive
actuator to the rotatable knob as the rotatable knob is
rotated in the first direction;

outputting a resistive haptic effect from the resistive
actuator to the rotatable knob when the sensed move-
ment is at a first position, wherein the resistive haptic
effect is superimposed onto the assistive haptic effect to
output a collective haptic effect.

3. A hybrid-haptic device, comprising:

a rotatable knob having an active actuator and a resistive
actuator coupled thereto;
a sensor coupled to the rotatable knob in a first direction;

a processor coupled to the sensor, wherein the processor
is configured to output a first activating signal to the
resistive actuator 1o output a resistive haptic effect to
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the knob upon the sensor indicating the knob at a first
position, the processor outputting an assistive haptic
effect from the assistive actuator to the knob upon the
sensor indicating the knob at a second position.

4. A hybrid-haptic device, comprising:

a rotatable knob having an active actuator and a resistive
actuator coupled thereto;

a sensor coupled to the rotatable knob in a first direction;

a processor coupled to the sensor, wherein the processor
is configured to output a first activating signal to the
resistive actuator to output a resistive haptic effect to
the knob upon the sensor indicating the knob at a first
position, the processor outputting an assistive haptic
effect from the assistive actuator to the knob upon the
sensor indicating the knob at a second position.

5. A rotatable knob, comprising:

a sensor configured to sense movement of the rotatable
knob in a first and second direction, wherein the knob
is moveable to a plurality of positions;

an actuator coupled to the knob, the actuator configured to
output a haptic effect upon receiving an activating
signal; and

a processor coupled to the sensor, the processor config-
ured to output the activating signal to the actuator upon
the sensor indicating the knob moving from a first
position to a second position, wherein the actuator
outputs a constant resistive haptic feedback.



