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(54) SYSTEMS AND METHODS FOR LONG-RANGE INTERACTIONS FOR VIRTUAL REALITY

(57) Systems (100) and methods (400) for
long-range interactions for virtual reality are disclosed.
One disclosed system includes: a handheld interface de-
vice (104, 200); a sensor (208) configured to detect
movement of the handheld interface device and transmit
a sensor signal associated with the movement; a proc-
essor (202) coupled to the sensor and configured to: de-

termine a haptic signal based in part on the sensor signal;
and control, based on the haptic signal, an electromag-
netic source remote from the handheld interface device
to output a magnetic field to apply a force to magnetic
material in the handheld interface device to output a hap-
tic effect to a user of the handheld interface device.
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Description

Field of the Invention

[0001] The present application relates to the field of
user interface devices. More specifically, the present ap-
plication relates to virtual reality controllers with haptics.

Background

[0002] Virtual Reality ("VR") applications have become
increasingly popular. Handheld controllers, including
touch-enabled devices, are often used to interact with
such applications. Some such devices may be configured
with haptic actuators that provide vibrotactile effects to
users of the VR applications, however, such devices may
lack the capability to provide kinesthetic feedback. Ac-
cordingly, there is a need for kinesthetic haptic effects in
virtual reality environments.

Summary

[0003] Various examples are described for systems
and methods for long-range interactions for virtual reality.
In one embodiment, a system according to the present
disclosure comprises: a handheld interface device; a
sensor configured to detect movement of the handheld
interface device and transmit a sensor signal associated
with the movement; a processor coupled to the sensor
and configured to: determine a haptic signal based in
part on the sensor signal; and control, based on the haptic
signal, an electromagnetic source remote from the hand-
held interface device to output a magnetic field to apply
a force to magnetic material in the handheld interface
device to output a haptic effect to a user of the handheld
interface device. The system may be modified in any suit-
able way as disclosed herein including, but not limited
to, any one or more of the following. The sensor may be
further configured to detect an orientation of the handheld
interface device and wherein the processor may be fur-
ther configured to determine the haptic signal based in
part on the orientation of the handheld interface device.
The sensor may be further configured to detect a distance
between the electromagnetic source and the handheld
interface device, and wherein the processor may be fur-
ther configured to determine the haptic signal based in
part on the distance. The handheld interface device may
comprise a user interface device for a virtual reality sys-
tem. The processor and sensor may be coupled within
the handheld interface device. The handheld interface
device may comprise a mobile telephone. The handheld
interface device may be communicatively coupled to a
virtual reality system. The electromagnetic source may
comprise one or more panels near the handheld interface
device.
[0004] In another embodiment, a method according to
the present disclosure comprises: detecting movement
of a handheld interface device; determining a haptic sig-

nal based in part on the movement of the handheld in-
terface device; and controlling, based on the haptic sig-
nal, an electromagnetic source remote from the handheld
interface device to output a magnetic field to apply a force
to magnetic material in the handheld interface device to
output a haptic effect to a user of the handheld interface
device. The method may be modified in any suitable way
as disclosed herein including, but not limited to, any one
or more of the following. The method may further com-
prise detecting an orientation of the handheld interface
device and determining the haptic signal based in part
on the orientation of the handheld interface device. The
method may further comprise detecting a distance be-
tween the electromagnetic source and the handheld in-
terface device and determining the haptic signal based
in part on the distance. The handheld interface device
may comprise a user interface device for a virtual reality
system. The movement may be detected by a sensor
coupled within the handheld interface device. The hand-
held interface device may comprise a mobile telephone.
The handheld interface device may be communicatively
coupled to a virtual reality system. The electromagnetic
source may comprise one or more panels near the hand-
held interface device.
[0005] In yet another embodiment, a computer reada-
ble medium may comprise program code, which when
executed by a processor is configured to enable the proc-
essor to: detect movement of a handheld interface de-
vice; determine haptic signal based in part on the move-
ment of the handheld interface device; and control, based
on the haptic signal, an electromagnetic source remote
from the handheld interface device to output a magnetic
field to apply a force to magnetic material in the handheld
interface device to output a haptic effect to a user of the
handheld interface device. The computer readable me-
dium may be a non-transitory computer readable medi-
um. The computer readable medium may be modified in
any suitable way as disclosed herein including, but not
limited to, any one or more of the following. The handheld
interface device may comprise a user interface device
for a virtual reality system. The movement may be de-
tected by a sensor coupled within the handheld interface
device. The electromagnetic source may comprise one
or more panels near the handheld interface device.
[0006] These illustrative embodiments are mentioned
not to limit or define the limits of the present subject mat-
ter, but to provide examples to aid understanding thereof.
Illustrative embodiments are discussed in the Detailed
Description, and further description is provided there. Ad-
vantages offered by various embodiments may be further
understood by examining this specification and/or by
practicing one or more embodiments of the claimed sub-
ject matter.

Brief Description of the Drawings

[0007] A full and enabling disclosure is set forth more
particularly in the remainder of the specification. The
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specification makes reference to the following appended
figures.

Figure 1A shows an illustrative system for long-range
interactions for virtual reality according to one em-
bodiment of the present disclosure.
Figure 1B shows another illustrative system for long-
range interactions for virtual reality according to one
embodiment of the present disclosure.
Figure 2 shows another illustrative system for long-
range interactions for virtual reality according to one
embodiment of the present disclosure.
Figure 3 shows a graph that is illustrative of force
output by embodiments of a system for long-range
interactions for virtual reality according to some em-
bodiments of the present disclosure.
Figure 4 is a flow chart of method steps for one ex-
ample embodiment for controlling an illustrative sys-
tem for long-range interactions for virtual reality ac-
cording to one embodiment of the present disclo-
sure.

Detailed Description

[0008] Reference will now be made in detail to various
and alternative illustrative embodiments and to the ac-
companying drawings. Each example is provided by way
of explanation, and not as a limitation. It will be apparent
to those skilled in the art that modifications and variations
can be made. For instance, features illustrated or de-
scribed as part of one embodiment may be used in an-
other embodiment to yield a still further embodiment.
Thus, it is intended that this disclosure include modifica-
tions and variations as come within the scope of the ap-
pended claims and their equivalents.

Illustrative Example of Long-Range Interactions for Vir-
tual Reality

[0009] One illustrative embodiment is a virtual reality
(VR) gaming system in wireless communication with one
or more VR interface devices. As used herein, the term
virtual reality includes a virtual environment or an aug-
mented environment, e.g., augmented reality (AR). The
VR interface device allows a user to interact with a virtual
environment and with objects in the virtual environment.
For example, as the user moves the VR interface device,
one or more sensors detect the movement and this move-
ment is translated to corresponding movement in the vir-
tual environment. The VR gaming system may output
haptic effects to the user of the VR interface device.
These haptic effects comprise touch or feel based effects
and may enhance the reality of interactions in the virtual
environment. An illustrative embodiment of the present
disclosure is configured to output long-range haptic ef-
fects using magnetic fields.
[0010] In the illustrative embodiment, a VR interface
device is in wireless communication with a VR control

system. As the user interacts with the VR interface device
(e.g., by moving it) sensors detect the movement and
transmit data associated with the movement to the VR
control system. The VR control system then determines
haptic effects to output to the user. In some embodi-
ments, the haptic effects may be determined based in
part on one or more of: movement of the VR interface
device, position of the VR interface device, orientation of
the VR interface device, distance from the VR interface
device to the magnetic field generating device, and/or
objects or interactions in the VR environment.
[0011] In the illustrative embodiment, the VR control
system outputs one or more haptic effects to the VR in-
terface device via magnetic fields. The VR interface de-
vice further comprises one or more magnetic materials
(e.g., a permanent magnet or a ferromagnetic coating).
The VR control system is configured to control one or
more magnetic field generating devices (e.g., plates com-
prising one or more coils configured to output magnetic
fields). These magnetic fields interact with the magnetic
materials in the VR interface device and output forces
that are perceived by the user of the VR interface device.
[0012] Force on the VR interface device may simulate
multiple haptic effects. For example, in one embodiment
a user may press on a door or other object in the virtual
environment. As the user presses on the door, the VR
control device may determine a haptic effect and output
signals to the magnetic field generating devices to output
a magnetic field. This magnetic field applies forces to the
VR interface device, simulating forces the user would
feel when pressing on an actual door. Further, as the
user moves the virtual door, the VR control device may
determine different haptic effects should be output.
Based on this determination, the VR control device may
output different or additional magnetic fields, causing the
user to feel different forces while pressing on the virtual
door. This may more realistically simulate the feel of
movement of an actual door. This is just one example of
forces that may be output. In other embodiments addi-
tional forces may simulate other types of interactions,
e.g., a resistive force as a user moves his or her hand
through virtual water or forces that simulate weight as a
user lifts a virtual ball.
[0013] In the illustrative embodiment, the magnetic
field generating devices may comprise a plurality of de-
vices (e.g., a plurality of plates positioned around the VR
interface device). In the illustrative embodiment, this en-
ables a plurality of different forces to be output to the VR
interface device. Further, in some embodiments, the VR
control device may be integrated into the VR interface,
e.g., the VR control device and VR interface may both
be integrated into a smartphone. In such an embodiment,
the magnetic field generating devices would be external
to the VR interface device and controlled via a wired or
wireless network connection.
[0014] In the illustrative embodiment, the VR interface
device may further be configured to output vibration-
based haptic effects to the user. For example, in some
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embodiments, actuators or other devices may be includ-
ed on the VR interface device and controlled to output
vibration based effects. Alternatively, in some embodi-
ments, other types of haptic output devices may be in-
cluded in the VR interface device to output a broader
range of haptic effects.
[0015] This illustrative example is given to introduce
the reader to the general subject matter discussed herein
and the disclosure is not limited to this example. The
following sections describe various additional non-limit-
ing examples and examples of the present disclosure.

Illustrative Systems for Long-Range Interactions for Vir-
tual Reality

[0016] Figures 1A and 1B show two views of an illus-
trative system 100 for long-range interactions for virtual
reality. As is shown in Figures 1A and 1B, the system
100 comprises two magnetic field generating devices
102, a VR interface device 104, and magnetic material
106.
[0017] The magnetic field generating devices 102
comprise two plates positioned on either side of VR in-
terface device 104. Each of the magnetic field generating
devices comprises a plurality of coils (e.g., conductors
formed into one or more loops) configured to generate
magnetic fields when current is applied. In some embod-
iments, these coils may comprise air-core coils or ferrite-
core coils. In other embodiments, additional magnetic
field generating devices may be included, e.g., a mag-
netic field generating device above or below the VR in-
terface device 104, or in a depth dimension away from
the VR interface device 104. Further, in some embodi-
ments, magnetic field generating devices 102 may be
moveable, e.g., they may be mounted on an articulated
arm. In such an embodiment, a controller may move the
magnetic field generating devices 102 to maintain a sub-
stantially constant distance between the magnetic field
generating devices 102 and VR interface device 104.
[0018] VR interface device 104 comprises an interface
device for use by a user to interact in a VR or AR envi-
ronment. As the user interacts with the VR interface de-
vice 104, one or more sensors detect movements of the
VR interface device 104 and transmit signals associated
with the movement to a VR control device. The VR control
device then interprets these movements and applies
them to a virtual environment, e.g., as the user moves
VR interface device 104 the VR control device shows
corresponding movements in the virtual environment.
[0019] In some embodiments, the VR interface device
104 may comprise a handheld controller (e.g., a control-
ler comprising one or more sensors, buttons, and manip-
ulanda for interacting in a virtual environment). In some
embodiments, the VR interface device 104 comprises
processing capability to generate aspects of the virtual
environment, e.g., the VR interface device may comprise
a smartphone or tablet computer in wired or wireless
communication with magnetic field generating devices

102.
[0020] VR interface device 104 further comprises mag-
netic material 106, which comprises one or more of fer-
romagnetic, magnetic material, or electro-magnetic ma-
terials. In some embodiments, magnetic material 106
may comprise a fixed permanent magnet. Further, in
some embodiments, magnetic material 106 may com-
prise a ferromagnetic coating on VR interface device 104.
In some embodiments, the magnetic material 106 may
comprise a shape configured to increase the force or
modify the torque of the force output by the magnetic
field on the VR interface device 104. In the embodiment
shown in Figure 1A, the magnetic material 106 comprises
a circular hoop. In other embodiments, the magnetic ma-
terial 106 may comprise a different shape, e.g., a square,
cube, or other shape to modify the force or torque of the
force output by the magnetic field on VR interface device
104.
[0021] As the user interacts with VR interface device
104 a processor in a VR controller will determine one or
more forces to output. The processor then controls the
magnetic field generating devices 102 to output magnetic
fields. The magnetic fields act on magnetic material 106
and apply a force to the VR interface device 104. The
user will feel the force on VR interface device 104. This
force may simulate interactions in the virtual environ-
ment, e.g., a weight or resistance as the user lifts an
object or moves through an area. Further, these forces
may aid the user’s movement, e.g., a magnetic field may
simulate the feeling of being pushed or pulled in a direc-
tion.
[0022] Turning now to Figure 2, Figure 2 shows anoth-
er illustrative system for long-range interactions for virtual
reality. As is shown in Figure 2, the system comprises
an interface device 200, which comprises a processor
202, memory 204, network interface 206, sensors 208,
and magnetic material 210. The system further compris-
es a VR control system 212 and a magnetic field gener-
ator 214.
[0023] As shown in Figure 2, processor 202 is in com-
munication with a memory 204, which can comprise any
suitable tangible (and non-transitory) computer-readable
medium such as Random Access Memory ("RAM"),
Read Only Memory ("ROM"), Electrically Erasable Pro-
grammable Read-Only Memory ("EEPROM"), or the like,
and embodies program components that configure op-
eration of the computing device.
[0024] Processor 202 is further in communication with
one or more network interfaces 206, which may facilitate
communication with a remote device, e.g., a control de-
vice such as a gaming system or VR controller. Network
interface 206 can represent one or more of any compo-
nents that facilitate a network connection. Examples in-
clude, but are not limited to, wired interfaces such as
Ethernet, USB, IEEE 1394, and/or wireless interfaces
such as IEEE 802.11, Bluetooth, or radio interfaces for
accessing cellular telephone networks (e.g., transceiv-
er/antenna for accessing a CDMA, GSM, UMTS, or other
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mobile communications network).
[0025] Processor 202 is further in communication with
one or more sensors 208. Sensor(s) 208 comprise one
or more sensors configured to detect movement of the
interface device 200 (e.g., accelerometers, gyroscopes,
cameras, GPS, or other sensors). These sensors may
be configured to detect user interaction that moves the
interface device 200 in the X, Y, or Z plane. In some
embodiments, processor 202 is configured to make de-
terminations regarding movement and location based on
data received from sensors 208. Further, in some em-
bodiments, processor 202 is configured to transmit data
received from sensors 208 to a remote device (such as
VR control system 212), e.g., using network interface
206. In some embodiments, this remote device may com-
prise a virtual reality system configured to determine hap-
tic effects and transmit signals associated with those hap-
tic effects back to processor 202. Further, in some em-
bodiments, one or more sensors 208 may be external to
interface device 200.
[0026] In some embodiments, one or more sensors
208 are configured to detect multiple aspects of the user
interaction. For example, sensor 208 may detect the
speed and pressure of a user interaction, and incorporate
this information into a sensor signal. Further, in some
embodiments, the user interaction comprises a multi-di-
mensional user interaction away from the device. For ex-
ample, in some embodiments, a camera associated with
the device may be configured to detect user movements,
e.g., hand, finger, body, head, eye, or feet motions or
interactions with another person or object.
[0027] As shown in Figure 2, the interface device 200
further comprises a magnetic material 210. Magnetic ma-
terial 210 may comprise a permanent or electro magnet
coupled within or to interface device 200. Alternatively or
additionally, magnetic material 210 may comprise a fer-
romagnetic coating on all or part of interface device 200.
[0028] In some embodiments, interface device 200
may further comprise one or more haptic output devices
in communication with processor 202. The haptic output
device may provide vibrotactile haptic effects. Some hap-
tic effects may utilize an actuator coupled to a housing
of the device, and some haptic effects may use multiple
actuators in sequence and/or in concert. For example, in
some embodiments, a surface texture may be simulated
by vibrating the surface at different frequencies. In such
an embodiment the haptic output devices may comprise
one or more of, for example, a piezoelectric actuator, an
electric motor, an electro-magnetic actuator, a voice coil,
a shape memory alloy, an electro-active polymer, a so-
lenoid, an eccentric rotating mass motor (ERM), or a lin-
ear resonant actuator (LRA). In some embodiments, hap-
tic output device may comprise a plurality of actuators,
for example an ERM and an LRA. In still other embodi-
ments, the haptic output device may use non-actuated
haptics (e.g., air, fluid, or ultrasonic output) that provide
resistance as a means to convey rougher surfaces.
[0029] As shown in Figure 2 the system further com-

prises a control system 212. Control system 212 may
comprise a control device for a virtual reality system. Con-
trol system 212 comprises a network interface which may
receive data captured by sensor(s) 208 via network in-
terface. Further, in some embodiments, control system
212 may comprise additional sensors to detect data
about movements and positioning of interface device
200. Control system 212 determines haptic effects to out-
put to interface device 200. In some embodiments, the
haptic effects may be determined based in part on one
or more of: movement of the VR interface device, position
of the VR interface device, orientation of the VR interface
device, distance from the VR interface device to the mag-
netic field generating device, and/or objects or interac-
tions in the VR environment.
[0030] As shown in Figure 2, the control system 212
is communicatively coupled to one or more magnetic field
generators 214. The one or more magnetic field gener-
ators 214 comprise one or more coils (e.g., conductors
formed into one or more loops) configured to generate
magnetic fields when current is applied. In some embod-
iments, these coils may comprise air-core or ferrite-core
coil. In some embodiments, the one or more magnetic
field generators 214 may be moveable, e.g., they may
be mounted on an articulated arm. In such an embodi-
ment, a controller may move the magnetic field genera-
tors 214 to maintain a substantially constant distance be-
tween them and interface device 200.
[0031] Control system 212 controls magnetic field gen-
erators 214 to output magnetic fields. These magnetic
fields act on magnetic material 210 to output a force to
interface device 200, which the user of the interface de-
vice 200 will perceive as a haptic effect. In some embod-
iments, components or functionality of control system
212 may be part of interface device 200. For example,
interface device 200 may comprise a smartphone or table
with processing capability to determine a virtual reality
environment and haptic effects. In such an embodiment,
interface device 200 may be in wired or wireless com-
munication with magnetic field generators 214 and con-
trol them to output forces to interface device 200.
[0032] Turning now to Figure 3, Figure 3 shows a graph
that is illustrative of force output by embodiments of a
system for long-range interactions for virtual reality. The
graph compares the magnetic force output to an object
as it moves further away from the magnetic field gener-
ating device (e.g., the coil). The graph shows this decline
in value at four different values of Kilo-Amp per meter of
coil thickness, 100 KA/m, 200 KA/m, 500 KA/m, and
1,000 KA/m.

Illustrative Method for Long-Range Interactions for Vir-
tual Reality

[0033] Referring now to Figure 4, Figure 4 shows an
example method 400 for long-range interactions for vir-
tual reality. In some embodiments, the steps in Figure 4
may be performed in a different order. Alternatively, in
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some embodiments, one or more of the steps shown in
Figure 4 may be skipped, or additional steps not shown
in Figure 4 may be performed. The steps below are de-
scribed with reference to components described above
with regard to the system shown in Figure 2
[0034] The method begins at step 402 when control
system 212 receives a signal associated with movement
of interface device 200 from sensor 208. The sensor 208
may comprise a sensor internal to interface device 200
that transmits sensor data to control system 212. Alter-
natively, in some embodiments, the control system may
comprise its own sensors to track interface device 200.
[0035] At step 404 the control system 212 receives a
signal associated with orientation of interface device 200
from sensor 208. In some embodiments, the orientation
of interface device 200 may comprise an orientation of
magnetic material 210 of interface device 200. For ex-
ample, the orientation of the magnetic material 210 may
impact the type of force output on interface device 200
when a magnetic field is output.
[0036] At step 406 the control system 212 receives a
signal associated with distance of interface device 200
from sensor 208. The distance may comprise a distance
between interface device 200 and magnetic field gener-
ator 214. Further, in some embodiments, the one or more
magnetic field generators 214 may be moveable, e.g.,
they may be mounted on an articulated arm. In such an
embodiment, control system 212 may move the magnetic
field generators 214 to maintain a substantially constant
distance between the magnetic field generators 214 and
interface device 200.
[0037] At step 408 the control system 212 determines
a haptic signal. In some embodiments, the control system
212 may determine the haptic signal based in part on
one or more of: movement of the interface device 200,
position of the interface device 200, orientation of the
interface device 200, distance from the interface 200 de-
vice to the magnetic field generators 214, and/or objects
or interactions in a virtual environment. For example, a
higher current may be required to generate a stronger
magnetic field if the interface device 200 is further away
from magnetic field generators 214. Further, in some em-
bodiments, the control system 212 may determine a hap-
tic effect that varies as the user moves, e.g., to simulate
wind blowing at various speeds on the user, and thus
may determine a magnetic field that is continuously var-
ying in intensity.
[0038] Then at step 410 the control system 212 outputs
a magnetic field using one or more magnetic field gen-
erators 214. The magnetic field acts on magnetic material
210 to output a force that the user perceives. This force
acts as a haptic effect, which may simulate an interaction
in a virtual environment.
[0039] Embodiments of the present disclosure may be
utilized in a variety of different applications. For example,
embodiments may be used in a variety of gaming appli-
cation, such as car racing simulator, a simulator of turning
a knob, or a simulation that involves rotating an object.

For example, embodiments might be useful in commer-
cial simulations as well, such as surgery or working in a
weightless environment. Another example might be in
simulating a cooking environment where actions such as
picking up fruit or interacting with devices such as a
blender could be simulated. Other examples might in-
clude working as an automobile or aircraft mechanic.

General Considerations

[0040] The methods, systems, and devices discussed
above are examples. Various configurations may omit,
substitute, or add various procedures or components as
appropriate. For instance, in alternative configurations,
the methods may be performed in an order different from
that described, and/or various stages may be added,
omitted, and/or combined. Also, features described with
respect to certain configurations may be combined in var-
ious other configurations. Different aspects and elements
of the configurations may be combined in a similar man-
ner. Also, technology evolves and, thus, many of the el-
ements are examples and do not limit the scope of the
disclosure or claims.
[0041] Specific details are given in the description to
provide a thorough understanding of example configura-
tions (including implementations). However, configura-
tions may be practiced without these specific details. For
example, well-known circuits, processes, algorithms,
structures, and techniques have been shown without un-
necessary detail in order to avoid obscuring the config-
urations. This description provides example configura-
tions only, and does not limit the scope, applicability, or
configurations of the claims. Rather, the preceding de-
scription of the configurations will provide those skilled
in the art with an enabling description for implementing
described techniques. Various changes may be made in
the function and arrangement of elements without de-
parting from the spirit or scope of the disclosure.
[0042] Also, configurations may be described as a
process that is depicted as a flow diagram or block dia-
gram. Although each may describe the operations as a
sequential process, many of the operations can be per-
formed in parallel or concurrently. In addition, the order
of the operations may be rearranged. A process may
have additional steps not included in the figure. Further-
more, examples of the methods may be implemented by
hardware, software, firmware, middleware, microcode,
hardware description languages, or any combination
thereof. When implemented in software, firmware, mid-
dleware, or microcode, the program code or code seg-
ments to perform the necessary tasks may be stored in
a non-transitory computer-readable medium such as a
storage medium. Processors may perform the described
tasks.
[0043] Having described several example configura-
tions, various modifications, alternative constructions,
and equivalents may be used without departing from the
spirit of the disclosure. For example, the above elements
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may be components of a larger system, wherein other
rules may take precedence over or otherwise modify the
application of the present disclosure. Also, a number of
steps may be undertaken before, during, or after the
above elements are considered. Accordingly, the above
description does not bound the scope of the claims.
[0044] The use of "adapted to" or "configured to" herein
is meant as an open and inclusive statement that does
not foreclose devices adapted to or configured to perform
additional tasks or steps. Additionally, the use of "based
on" is meant to be open and inclusive, in that a process,
step, calculation, or other action "based on" one or more
recited conditions or values may, in practice, be based
on additional conditions or values beyond those recited.
Headings, lists, and numbering included herein are for
ease of explanation only and are not meant to be limiting.
[0045] Embodiments in accordance with aspects of the
present subject matter can be implemented in digital
electronic circuitry, in computer hardware, firmware, soft-
ware, or in combinations of the preceding. In one em-
bodiment, a computer may comprise a processor or proc-
essors. The processor comprises or has access to a com-
puter-readable medium, such as a random access mem-
ory (RAM) coupled to the processor. The processor ex-
ecutes computer-executable program instructions stored
in memory, such as executing one or more computer
programs including a sensor sampling routine, selection
routines, and other routines to perform the methods de-
scribed above.
[0046] Such processors may comprise a microproces-
sor, a digital signal processor (DSP), an application-spe-
cific integrated circuit (ASIC), field programmable gate
arrays (FPGAs), and state machines. Such processors
may further comprise programmable electronic devices
such as PLCs, programmable interrupt controllers
(PICs), programmable logic devices (PLDs), program-
mable read-only memories (PROMs), electronically pro-
grammable read-only memories (EPROMs or EEP-
ROMs), or other similar devices.
[0047] Such processors may comprise, or may be in
communication with, media, for example tangible com-
puter-readable media, that may store instructions that,
when executed by the processor, can cause the proces-
sor to perform the steps described herein as carried out,
or assisted, by a processor. Embodiments of computer-
readable media may comprise, but are not limited to, all
electronic, optical, magnetic, or other storage devices
capable of providing a processor, such as the processor
in a web server, 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 me-
dia, all magnetic tape or other magnetic media, or any
other medium from which a computer processor can
read. Also, various other devices may include computer-
readable media, such as a router, private or public net-
work, or other transmission device. The processor, and
the processing, described may be in one or more struc-

tures, and may be dispersed through one or more struc-
tures. The processor may comprise code for carrying out
one or more of the methods (or parts of methods) de-
scribed herein.
[0048] While the present subject matter has been de-
scribed in detail with respect to specific embodiments
thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may
readily produce alterations to, variations of, and equiva-
lents to such embodiments. Accordingly, it should be un-
derstood that the present disclosure has been presented
for purposes of example rather than limitation, and does
not preclude inclusion of such modifications, variations
and/or additions to the present subject matter as would
be readily apparent to one of ordinary skill in the art.

Claims

1. A system (100) comprising:

a handheld interface device (104, 200);
a sensor (208) configured to detect movement
of the handheld interface device and transmit a
sensor signal associated with the movement;
a processor (202) coupled to the sensor and
configured to:

determine a haptic signal based in part on
the sensor signal; and
control, based on the haptic signal, an elec-
tromagnetic source remote from the hand-
held interface device to output a magnetic
field to apply a force to magnetic material in
the handheld interface device to output a
haptic effect to a user of the handheld inter-
face device.

2. The system (100) of claim 1, wherein the sensor
(208) is further configured to detect an orientation of
the handheld interface device (104, 200) and where-
in the processor (202) is further configured to deter-
mine the haptic signal based in part on the orientation
of the handheld interface device.

3. The system (100) of claims 1 or 2, wherein the sensor
(208) is further configured to detect a distance be-
tween the electromagnetic source and the handheld
interface device (104, 200), and wherein the proc-
essor (202) is further configured to determine the
haptic signal based in part on the distance.

4. The system (100) of any preceding claim, wherein
the handheld interface device (104, 200) comprises
a user interface device for a virtual reality system.

5. The system (100) of claim 4, wherein the processor
(202) and sensor (208) are coupled within the hand-
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held interface device (104, 200).

6. The system (100) of claim 5, wherein the handheld
interface device (104, 200) comprises a mobile tel-
ephone.

7. The system (100) of claim 6, wherein the handheld
interface device (104, 200) is communicatively cou-
pled to a virtual reality system.

8. The system (100) of any preceding claim, wherein
the electromagnetic source comprises one or more
panels near the handheld interface device (104,
200).

9. A method (400) comprising:

detecting movement (402) of a handheld inter-
face device (104, 200);
determining a haptic signal (408) based in part
on the movement of the handheld interface de-
vice (104, 200); and
controlling, based on the haptic signal, an elec-
tromagnetic source remote from the handheld
interface device to output a magnetic field (410)
to apply a force to magnetic material in the hand-
held interface device to output a haptic effect to
a user of the handheld interface device.

10. The method (400) of claim 9, further comprising de-
tecting an orientation (404) of the handheld interface
device (104, 200) and determining the haptic signal
(408) based in part on the orientation of the handheld
interface device.

11. The method (400) of claims 9 or 10, further compris-
ing detecting a distance (406) between the electro-
magnetic source and the handheld interface device
(104, 200) and determining the haptic signal (408)
based in part on the distance.

12. The method (400) of any one of claims 9 - 11, wherein
the handheld interface device (104, 200) comprises
a user interface device for a virtual reality system.

13. The method (400) of claim 12, wherein the move-
ment is detected by a sensor (208) coupled within
the handheld interface device (104, 200).

14. The method (400) of any one of claims 9 - 13, wherein
the electromagnetic source comprises one or more
panels near the handheld interface device (104,
200).

15. A non-transitory computer readable medium com-
prising program code, which when executed by a
processor (202) is configured to cause the processor
to give effect to the method (400) as claimed in any

one of claims 9-14.
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