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Description

FORCE-BASED TOUCH INTERFACE WITH

INGRATED MULTI-SENSORY FEEDBACK

Cross-Reference to Related Application

[0001] This application claims the benefit of U.S. Provisional Application No. 61/888,322,

filed October 8, 2013, and U.S. Provisional Application No. 61/891,231, filed October 15, 2013,

each of which is incorporated herein by reference in its entirety.

Technical Field

[0002] The present disclosure relates generally to a tactile haptic switch panel and, more

particularly, to force-based touch interfaces with integrated audible, haptic, and visual feedback.

Background

[0003] The recent widespread growth of feature-rich, relatively portable, and user-friendly

consumer electronic devices has sparked a corresponding consumer demand for implementation

of similar functionality in conventional appliances and utilitarian devices. For example, more

consumers are demanding modern touchscreen interfaces in utility appliances like televisions,

refrigerators, dishwashers, and washing machines. Even modern thermostats are integrating

gesture-controllable, fully-networked and remotely accessible user interfaces (UIs). Even the

automobile, often thought of as the quintessential utilitarian machine, has not been impervious to

recent trends to incorporate as many options and features accessible to the driver as possible -

from mechanical switch controls for climate, navigation, and radio systems integrated into the

steering wheel, to touchscreen interfaces and camera displays integrated into the dashboard.

[0004] Although consumer demand for incorporating greater functionality into the automotive

driving experience is growing rapidly, there are a number of problems with meeting such



demand. First, conventional capacitive sense touchscreen technologies, such as those used in

smartphones and tablet devices, while ideal for incorporating a large amount of functionality in a

relatively limited space, require significant visual engagement by the driver and are therefore too

distracting to be implemented safely. Second, while the conventional mechanical switches and

knobs that are currently in use are less distracting because they can be safely used without

requiring the driver to remove his eyes from the road, they tend to have limited flexibility, with

each switch controlling a single function or feature.

[0005] One solution for combining the flexibility and versatility of touchscreen technologies

while still allowing the driver to remain attentive for safely operating the vehicle involves the

use of force-based haptic human-machine interfaces (HMls). Force-based haptic HMls typically

include a sensor surface that is responsive to touch and an actuator for generating a responsive

vibration (often simulating the response provided by a mechanical switch) that provides the

driver with a tactile confirmation of an input on the touchscreen. These systems incorporate the

haptic feedback that drivers have come to rely on of mechanical switches with the multi-touch,

multifunction flexibility of touchscreen controls.

[0006] One problem with force-based haptic HMls, particularly in automobiles and other

mechanical systems, is that accidental or inadvertent touches are much more common due to the

inability of the driver to continuously view with the touch interface while driving. As a result,

conventional interfaces that rely exclusively on a single sensory feedback response (e.g., visible

displays) tend to be ineffective in situations where a user is unable to completely focus on the

HMI. Furthermore, packaging issues associated with including multiple sensory feedback

capabilities tend to require a significant amount of packaging area to accommodate the hardware

needed to support multiple sensory output. Thus, a switch panel for including capabilities for

stimulating multiple senses, while limiting packaging size would be particular advantageous.



[0007] The presently disclosed force-based touch interface with integrated multi-sensory

feedback are directed to overcoming one or more of the problems set forth above and/or other

problems in the art.

Summary

[0008] According to one aspect, the present disclosure is directed to a force-based haptic

switch panel, comprising a touch plate having first and second surfaces, the first surface

comprising a touch surface and the second surface opposing the first surface. The force-based

haptic switch panel may also include a circuit board having a plurality of force sensors

electrically coupled thereto, the force sensors disposed between the circuit board and the second

surface of the touch plate, wherein each force sensor is configured to measure a respective

portion of a force applied to the touch surface of the touch plate. The force-based haptic switch

panel may also include an acoustic actuator disposed proximate a second surface of the touch

plate and configured to generate a haptic output and an audible output responsive to the force

applied to the touch surface.

[0009] In accordance with another aspect, the present disclosure is directed to a steering

wheel, comprising a force-based haptic switch panel embedded within at least a portion of the

steering wheel. The force-based haptic switch panel may comprise a touch plate having first and

second surfaces, the first surface comprising a touch surface and the second surface opposing the

first surface. The first surface of the touch plate is substantially flush with a surface of the

steering wheel. The force-based haptic switch panel may also comprise a circuit board having a

plurality of force sensors electrically coupled thereto, the force sensors disposed between the

circuit board and the second surface of the touch plate, wherein each force sensor is configured

to measure a respective portion of a force applied to the touch surface of the touch plate. The

force-based haptic switch panel may further comprise an acoustic actuator disposed proximate a

second surface of the touch plate and configured to generate a haptic output and an audible

output responsive to the force applied to the touch surface.



[0010] In accordance with another aspect, the present disclosure is directed to a vehicle

comprising one or more ground-engaging devices and a steering interface, coupled to one or

more ground-engaging devices and comprising a rim portion and a hub portion, the rim portion

configured for grasping by an operator of a vehicle. The vehicle may also comprise a touch

plate having first and second surfaces, the first surface comprising a touch surface and the

second surface opposing the first surface. The vehicle may further comprise a circuit board

having a plurality of force sensors electrically coupled thereto, the force sensors disposed

between the circuit board and the second surface of the touch plate, wherein each force sensor is

configured to measure a respective portion of a force applied to the touch surface of the touch

plate. The vehicle may also comprise an acoustic actuator disposed proximate a second surface

of the touch plate and configured to generate a haptic output and an audible output responsive to

the force applied to the touch surface. The vehicle may further comprise a processor,

communicatively coupled to the actuator and the plurality of force sensors. The processor may

be configured to provide a plurality of different control signals for causing the acoustic actuator

to generate the haptic and audible outputs, each haptic control signal associated with a respective

force value applied to the touch surface.

Brief Description of the Drawings

[0011] Fig. 1 illustrates an exemplary environment in which a tactile haptic switch panel

consistent with certain disclosed embodiments may be implemented;

[0012] Fig. 2 illustrates an exemplary touch surface associated with a tactile haptic switch

panel that is mounted within or upon a steering interface for a vehicle, in accordance with certain

disclosed embodiments;

[0013] Figs. 3A and 3B illustrate exemplary graphical layouts for one or more touch surfaces

for a tactile haptic switch panel, consistent with certain disclosed embodiments;

[0014] Fig. 4 provides a prospective exploded view of certain structural and functional layers

of a tactile haptic switch patent, in accordance with certain disclosed embodiments;



[0015] Fig. 5 provides alternative prospective exploded views of certain structural and

functional layers of a tactile haptic switch patent, in accordance with certain disclosed

embodiments;

[0016] Fig. 6 provides a cross-sectional block diagram of certain exemplary components

associated with a tactile haptic switch panel, consistent with certain disclosed embodiments;

[0017] Fig. 7 provides graphs depicting exemplary force and location configuration values

associated with a user interface layout for a multi-function tactile haptic switch panel, in

accordance with certain disclosed embodiments; and

[0018] Figs. 8A, 8B, 8C, and 8D provide graphs illustrating exemplary tactile feedback

responses for different touch events (e.g., touch-down (e.g, engage), lift-off (e.g., release), end-

of-list, and press-and-hold, respectively) associated with an exemplary multi-function tactile

haptic switch panel, consistent with certain disclosed embodiments.

Detailed Description

[0019] In accordance with one aspect, the present disclosure is directed to a force-based haptic

switch panel that is configured to limit or lock the input area of a touch panel surface around an

area associated with an initial touch detected at the surface. Accordingly, systems and methods

consistent with the disclosed embodiments are configured to limit inadvertent or accidental

touches by localizing the input area around an initial touch area. In certain exemplary

embodiments, areas or regions that are not associated with initial touch area may be disabled,

ensuring that stray or accidental touch inputs are not registered an inputs to the touch panel.

[0020] Methods and systems consistent with the disclosed embodiments may be particularly

applicable in situations in which distractions divert the user's visual attention to the touch

interface. Indeed, in certain disclosed embodiments, the present disclosure is directed to switch

panel user interfaces that provide multi-sensory confirmations of user interactions with the

switch panel. In certain other embodiments, features consistent with the present disclosure



provide a solution for limiting the functional detection area to a smaller, more localized area

surrounding an initial touch event.

[0021] Fig. 1 illustrates an exemplary operational environment 100 in which features and

methods associated with the disclosed self-calibrating tactile haptic multi-touch, multifunction

switch panel may be implemented. According to one embodiment, and as illustrated in Fig. 1,

operational environment 100 may include or embody a driver seat or cockpit associated with the

vehicle, such as a ground-based motor vehicle. Alternatively or additionally, operational

environment 100 may include or embody a driver console associated with any land, air, or sea-

based transportation vehicle in which , such as a watercraft, aircraft, conventional motor vehicle,

off-road vehicle, heavy construction machine, or any other type of vehicle. It is also

contemplated that the presently disclosed embodiments may be employed in any stationary

machine having a user console or interface, as a replacement for a conventional mechanical

switch or button, such as, for example, in a vehicle training simulator, a video game console, or

any other type of system that requires a human-machine interface.

[0022] FIG. 1 illustrates a plan view of an exemplary steering interface implementing a force-

based switch panel (also referred to herein as a track pad interface) for vehicle control panels in

accordance with the present disclosure. An example steering interface 110 can have a steering

grip. A steering grip can be shaped in such a way to facilitate a driver's control of a vehicle

when holding the steering grip. For example, the steering grip can include an annular ring shape

with an outer contour that is essentially circular in shape. In an alternate implementation, the

steering grip can define any suitable shape including, for example, circular, elliptical, square,

rectangular, or any other regular or irregular shape. In an exemplary implementation, the

steering grip can include a single continuous grip portion or any number of unique grip sections.

Additionally the steering grip can be mounted on a fixed component such that it can be

rotationally moved about a steering axis. An exemplary fixed component can include, for

example, a steering column, which receives a steering spindle that extends along the steering



column and serves to transmit the rotational movement of the steering grip to the wheels of the

motor vehicle. Rotational movement of the steering grip may be transmitted to the wheels by

mechanical and/or electrical means. In an exemplary implementation, the steering interface 110

can also include a one or more force-based tactile haptic switch panels 120, wherein each of the

force-based switch panels 120 is operably coupled to the steering interface 110.

[0023] Coupling force-based switch panels 120 to the steering interface 110 provides a driver

with a human-machine interface that can be configured to detect a touch or force provided by a

user and determine if a switch function should or should not be activated, for example. In one

embodiment, the user can be provided with a tactile or audible feedback in response to the

detected input.

[0024] Fig. 2 illustrates a zoom view of an exemplary steering interface 110 having embedded

therein a force-based switch panel 120 consistent with certain disclosed embodiments. As

illustrated in Fig. 2, the force-based switch panel 120 may be embedded within a spoke that

couples the rim of steering interface 100 to the center column (not shown) of the steering

interface. Force-based switch panel 120 be configured to provide an interface for user control of

one or more functions or systems associated with the vehicle, without requiring the user to

remove his/her hands from the steering interface 110. As shown in the exemplary embodiment

in Fig. 2, force-based switch panel 120 may be configured to control the audio system, which

may include radio(s), media player(s), hands-free voice control system, among others. Unlike

conventional mechanical switches, force-based switch panel 120 is configured to detect force

values applied by the user at various locations on the switch panel, and convert these force

values to electrical commands for controlling vehicle functionality.

[0025] For example, as illustrated in Fig. 2, a first area of the force-based switch panel 120

may be configured to control a "track select" operation (e.g., a "fast-rewind" or "track-rewind"

120a operation or "fast-forward" or "track-forward" operation 120b) associated with an active

media player operating in the vehicle. Alternatively or additionally, a second area of the force-



based switch panel 120 may be configured to activate a voice control operation 120c associated

with the vehicle media system (or Bluetooth voice activate device that may be connected to the

vehicle media system). A third area of the force-based switch panel 120 may be configured to

provide a "mode select" operation, whereby a vehicle operation may, for example, select an

"active" media player from among a plurality of different media player(s) (e.g., terrestrial radio,

satellite radio, CD player, DVD player, digital media player (e.g., MP3, etc.)) that may be

equipped or activated on the vehicle. Finally, a fourth area of the force-based switch panel may

be configured to provide the user with interface options to increase 120e or decrease 120f the

volume associated with the active media player.

[0026] Those skilled in the art will recognize that one of the advantages of a force-based

switch panel consistent with the disclosed embodiments is the flexibility of functionality that

they provide. Specifically, by providing a relatively large touch sensitive area, particularly when

compared with conventional mechanical switches which have a comparatively small functional

footprint, the system can be customized to provide a large amount of functionality on the

steering interface. Additionally, by providing haptic and audible feedback to the user in

response to detection/recognition of the touch event, operator distraction is minimized. Figs. 3A

and 3B illustrate exemplary layouts for a force-based touch panel control system for a steering

interface 110 that can control multiple different systems associated with the vehicle.

[0027] Although not shown in Figs. 3A or 3B, it is contemplated that force-based touch panels

120 may be embedded in the steering interface of a vehicle (as shown in Fig. 1), with Fig. 3A

being disposed on a first portion of the steering interface 110 (such as on the left spoke of the

steering interface 110) and Fig. 3B being disposed on a second portion of the steering interface

110 (such as on the right spoke of the steering interface 110). As explained above with respect

to Fig. 2, Fig. 3B may embody a force-based switch panel 120 for controlling an audio system.

As such, Fig. 3B will not be explained in further detail here.



[0028] Fig. 3A may include or embody a force-based switch panel 120 that is configured to

provide the user with options for controlling certain automatic drive features (e.g., cruise control,

automatic lane detection/warning system, etc.) associated with the vehicle. For example, as

illustrated in Fig. 3A , a first area of force-based switch panel 120 may be configured to activate

the cruise control function of the vehicle 120g. A second area of force-based switch panel 120

may be configured to set the cruise control speed (and subsequently increase 120k or decrease

1201 the speed). Third and fourth areas of the force-based sensor 120 may be configured to

resume 120i and cancel 120j cruise control functionality. Finally, a fifth area of the force-based

switch panel 120 may be configured to contra 1/enable/disable, the automatic lane detection

and/or warning system of the vehicle.

[0029] It should be noted that, although Figs. 3A and 3B illustrate certain exemplary

configurations of force-based switch panels 120, such embodiments should not be construed as

limiting. Indeed, other configurations of force-based switch panels 120 that may be used to

control various other systems associated with the vehicle may be implemented without departing

from the scope of the present disclosure. In fact, the processes, methods, and system described

in connection with the presently-disclosed force-based haptic switch panels 120 can be

programmed to control most any functionality where a force-based detection-type user interface

may be implemented. The configuration of the force-based switch panel 120 will be described

in further detail below.

[0030] A force-based switch panel 120 can be any user interface device that includes a sensor

configured to change at least one electrical property in response to a touch or force applied to a

touch surface of the switch panel 120. A touch, also known as a touch event, can be for example

a physical contact that occurs when a driver in a vehicle uses their hand (gloved or ungloved) to

apply a force to force-based switch panel 120. A force-based switch panel 120, can be any

suitable tactile sensor including, a mechanical sensor, a resistive sensor, a capacitive sensor, a



magnetic sensor, an optical fiber sensor, a piezoelectric sensor, a silicon sensor, and/or a

temperature sensor.

[0031] As will be explained in further detail below, the force-based switch panel 120 can

include a two-dimensional array of force sensors, where each force sensor includes conductors

and electrodes and is in at least partial contact with a touch surface positioned over the array. In

one embodiment the force-based switch panel 120 can further comprise a base that is in at least

partial contact with each of the force sensors. In one aspect, the base can comprise a printed

circuit board. The touch interface passes touch forces to one or more force sensors of the array

of force sensors. The touch interface can embody any touch-sensitive deformable member that

can pass at least part of the forces from a user through the touch interface to one or more force

sensors of the array of force sensors. In one embodiment, the touch interface can be used to

provide haptic feedback to the user.

[0032] For example, Fig. 4 provides a prospective exploded view showing certain components

of a basic force-based switch panel 120 that is configured consistent with the disclosed

embodiments. As illustrated in Fig.4, force-based switch panel 120 may include a touch plate

410 having a touch surface, at least one force sensor 420a, 420b, 420c, operatively coupled to

the touch plate and configured to detect a force applied to the touch surface, and a circuit board

430 disposed beneath the force sensor and configured to provide structural support for the force-

based switch panel 120 and deliver electrical signals between the force sensors 420a, 420b, 420c

and a corresponding processing device (e.g., controller) associated with the force-based switch

panel 120. The force-based switch panel 120 may be configured for disposal within a housing

440 that can be situated within a corresponding void within steering interface 110. More

detailed configurations of force-based switch panels consistent with the disclosed embodiments

are illustrated in Fig. 5 .

[0033] Fig. 5 illustrates cross-sectional, exploded views of alternate shapes and packaging

methods embodiments of a force-based switch panel 120. On the left, an exemplary force-based



switch panel 510 illustrated with packaging for implementing in a triangular shape steering

interface 110 of a vehicle. On the right, an exemplary force-based switch panel 520 is illustrated

with packaging for implementing in a rectangular shape steering interface 110 of a vehicle.

[0034] Both embodiments provide a force-based switch panel 510 (or 520) that includes a two-

dimensional array of force sensors 516a-516d (or 523a-523d) arranged to have a geometric

shape having a width and a length. For example, the array of force sensors 516a-5 16d (or 523a-

523d) may have a width or length that is 8 mm or larger. In another example, the array of force

sensors 516a-5 16d (or 523a-523d) may have a width or length that is less than 8 mm. In one

embodiment, force-based switch panel 510 (or 520) can have a depth that is 0.5 mm or less. In

another example, the force-based switch panel 510 (or 520) can have a depth that is greater than

0.5 mm. While the array of force sensors 523a-523d that is shown in the force-based switch

panel 520 of Fig. 5 has a rectangular shape, it is to be appreciated that this is for illustrative

purposes only and the two-dimensional array of force sensors can have shapes such as circular,

oval, square, rectangular, triangular and irregular shapes (such as the array of force sensors 516a-

516d of force-based switch panel 510 of Fig. 5).

[0035] Both of force-based switch panels 510, 520 shown in FIG. 5 comprise a touch interface

plate 512 (or 524) positioned over the array of force sensors 516a-5 16d (or 523a-523d). The

touch interface plate 512 (or 524) includes an upper surface and a lower surface that opposes the

upper surface. The touch interface plate 512 (or 524) passes touch forces incident on the upper

surface through to one or more force sensors 516a-516d (or 523a-523d) of the array of force

sensors disposed adjacent the lower surface. According to some embodiments, such as that

illustrated in connection with force-based switch panel 510, a "skin" 513 having a plurality of

backlightable icons may be overlaid atop touch interface plate 512. In such embodiments, touch

interface plate may include a plurality of transparent or translucent passages 512a-5 12f for light

to from LEDs (now shown) to pass through, thereby lighting the backlightable icons of skin 512.



[0036] According to various implementations, the touch interface plate 512 (or 524) can

embody any touch-sensitive deformable member that can pass at least part of the forces from a

user through the touch interface plate 512 (or 524) to one or more force sensors 516a-5 16d (or

523a-523d) of the array of force sensors and allows light to pass through at least a portion of the

interface plate 512 (or 524). For example, the touch interface plate 512 (or 524) can be

comprised of polycarbonate (PC), acrylic, PC-acrylonitrile butadiene styrene (ABS), or other

plastic material, glass, rubber, other suitable materials, or combinations thereof. According to

certain implementations, the thickness of the material is selected to provide a low mass but

provide sufficient thickness to allow light to pass through efficiently and provide sufficient

coupling to the light source(s). The material should also be sufficiently stiff to withstand the

forces being applied to the upper surface without too much distortion. For example, the

thickness of the material for the touch interface plate may be at least about 0.2 mm. In some

implementations, the thickness of the touch interface plate may be reduced (e.g., at least about

0 .1 mm) when a light altering film is disposed on a surface thereof to assist with directing the

light through the material and provide some structural stiffness.

[0037] Generally, the force sensors 516a-5 16d (or 523a-523d) are connected to or integrated

with a lower housing 511 (or base surface 523). For example, the lower housing 5 11 (or base

surface 523) may include a printed circuit board (PCB) used to electronically communicate

information or power to and from the force sensors 516a-5 16d (or 523a-523d) in the form of

electrical signals. In various embodiments, the lower housing 5 11 (or base surface or 523) can

further include electronic circuit components such as resistors, capacitors, diodes, LEDs,

transmitters, receivers, and the like, alone with electrical interconnects for connecting the various

components together. And, in one embodiment, the lower housing 5 11 (or base surface or 523)

includes the printed circuit board on which the processor (not shown in Fig. 5) is disposed, thus

electrically connecting the force sensors 516a-516d (or 523a-523d) with the processor through

the lower housing 5 11 (or base surface 523).



[0038] It is contemplated that additional and/or different components may be included as part

of the force-based switch panel 510 (or 520). For example, force-based switch panel 510 (or

520) may include one or more components for packaging the touch interface plate 512 (or 524),

one or more force sensors 516a-516d (or 523a-523d), lower housing 5 11 (or base surface 523),

and feedback actuator 516 ( or 522) together as part of a single user-interface component. In one

embodiment, force-based switch panel 510 may include upper and lower housing components

515 and 5 11, respectively, for securing the force-based switch panel 510 within a hub of a

steering interface 110. Alternatively, force-based switch panel 520 may include upper and lower

housing components 525 and 521, respectively, for packaging the force-based switch panel 520

as part of a single user-interface input device.

[0039] In certain embodiments consistent with the present disclosure, the force-based switch

panel may be constructed so as to provide haptic and/or audible feedback in response to a

detected input signal. Fig. 6 provides a cross-sectional diagram of certain components

associated with a force-based switch panel, consistent with certain disclosed embodiments. As

illustrated in Fig. 6, the force-based switch panel may include a touch plate 524 having first

(topside of touch plate 524) and second (underside of touch plate 524) surfaces. In this

configuration, the first surface may embody a touch surface for received touch inputs from a

user.

[0040] The force-based haptic switch panel may also include a circuit board 523 having a

plurality of force sensors 523a, 523b electrically coupled thereto. As shown in Fig. 6, the force

sensors 523a, 523b may be disposed between the circuit board 523 and the second (e.g.,

underside) surface of the touch plate 524, such that each force sensor is configured to measure a

corresponding portion of a force applied to the touch surface of the touch plate.

[0041] The force-based haptic switch panel may include an actuator 522 that is affixed to the

second (underside) surface of the touch plate 524. The actuator 522 may be configured to

deliver a mechanical output to the touch plate. Non-limiting examples of mechanical outputs



may include any mechanical output, such as a vibration, that may can be delivered to a surface of

the touch plate 524 and perceived by the user.

[0042] Actuator 522 may include or embody any suitable device for converting electrical

energy to a mechanical output, including those that can be perceived by a user of force-based

switch panel. Non-limiting examples of such actuators include acoustic actuators, rotational

motors, vibrational actuators, piezoelectric resonators, linear resonant actuators, or eccentric

rotating mass motors. IN certain embodiments, acoustic actuators may be used to provide both

mechanical vibration and audible outputs simultaneously.

[0043] According to the embodiment illustrated in Fig. 6, the circuit board 523 may comprise

a passage for allowing a portion of the actuator 522 to pass therethrough. Such a passage

reduces the overall depth or thickness of the force-based switch panel while allowing the

actuator to be mounted directly to the underside of the touch plate 524, increasing the amount of

energy that is delivered to the touch plate. The actuator may be configured to deliver different

levels of haptic feedback, based on the input provided by a processor or controller associated

with the force-based switch panel.

[0044] Force-based switch panel 120 may also include a controller or processor-based

computing system that is configured to receive values indicative of applied force from the force

sensors and determine, based on the magnitude and location of the applied force (relative to the

touch surface) which function of the vehicle that the user is trying to control. Indeed, force-

based switch panel may include one or more hardware and/or software components configured

to execute software programs.

[0045] Such a controller device may include one or more hardware components such as, for

example, a central processing unit (CPU) or microprocessor, a random access memory (RAM)

module, a read-only memory (ROM) module, a memory or data storage module, a database, one

or more input/output (I/O) devices, and an interface. Alternatively and/or additionally, controller

may include one or more software media components such as, for example, a computer-readable



medium including computer-executable instructions for performing methods consistent with

certain disclosed embodiments. It is contemplated that one or more of the hardware components

listed above may be implemented using software. For example, storage may include a software

partition associated with one or more other hardware components of controller. The controller

may include additional, fewer, and/or different components than those listed above. It is

understood that the components listed above are exemplary only and not intended to be limiting.

[0046] CPU may include one or more processors, each configured to execute instructions and

process data to perform one or more functions associated with controller. CPU may be

communicatively coupled to RAM, ROM, storage, database, I/O devices, and interface. CPU

may be configured to execute sequences of computer program instructions to perform various

processes, which will be described in detail below. The computer program instructions may be

loaded into RAM for execution by CPU.

[0047] RAM and ROM may each include one or more devices for storing information

associated with an operation of networking device and/or CPU. For example, ROM may include

a memory device configured to access and store information associated with the controller, such

as force threshold levels associated with the force-based switch panel. RAM may include a

memory device for storing data associated with one or more operations of CPU. For example,

ROM may load instructions into RAM for execution by CPU.

[0048] Storage may include any type of mass storage device configured to store information

that CPU may need to perform processes consistent with the disclosed embodiments. For

example, storage may include one or more magnetic and/or optical disk devices, such as hard

drives, CD-ROMs, DVD-ROMs, or any other type of mass media device. Alternatively or

additionally, storage may include flash memory mass media storage or other semiconductor-

based storage medium.

[0049] Database may include one or more software and/or hardware components that

cooperate to store, organize, sort, filter, and/or arrange data used by controller and/or CPU. CPU



may access the information stored in database to in order to identify, for example, a particular

function associated with a force input value. It is contemplated that database may store

additional and/or different information than that listed above.

[0050] I/O devices may include one or more components configured to communicate

information with a component or user associated with controller. For example, I/O devices may

include a console with an integrated keyboard and mouse to allow a user to input parameters

associated with the controller. I/O devices may also include a display including a graphical user

interface (GUI) for providing a network management console for network administrators to

configure networking device. I/O devices may also include peripheral devices such as, for

example, a printer for printing information associated with networking device, a user-accessible

disk drive (e.g., a USB port, a floppy, CD-ROM, or DVD-ROM drive, etc.) to allow a user to

input data stored on a portable media device, a microphone, a speaker system, or any other

suitable type of interface device. I/O devices may be configured to output network performance

results.

[0051] Interface may include one or more components configured to transmit and receive data

via a communication network, such as the Internet, a local area network, a workstation peer-to-

peer network, a direct link network, a wireless network, or any other suitable communication

platform. For example, interface may include one or more modulators, demodulators,

multiplexers, demultiplexers, network communication devices, wireless devices, antennas,

modems, and any other type of device configured to enable data communication via a

communication network. According to one embodiment, interface may be coupled to or include

wireless communication devices, such as a module or modules configured to transmit

information wirelessly using Wi-Fi or Bluetooth wireless protocols.

[0052] As illustrated in Figs. 7, 8A, 8B, and 8C, the force-based switch panel may be used to

sense a position and magnitude of force applied to the force-based sensor system. In other

words, the force-based sensor system may be configured to sense the position of the applied



force in either one dimension (e.g., the X- or Y-direction) or two dimensions (e.g., the X- and Y-

directions), as well of as the magnitude of the applied force (e.g., force in the Z-direction). The

force-based sensor system can also be configured to sense the time that a force is applied at a

particular location. In response to the magnitude, location, and/or duration of the applied force,

the force-based switch panel may be configured to generate a haptic and/or audible feedback

signal responsive to the detected force. As shown in Figs. 8A, 8B, and 8C, each touch event

(e.g., touch-down, lift-off, and hold-down) may be initiated by a different user interaction (e.g.,

different force value and/or duration of the touch) and, accordingly, may trigger different haptic

and/or audible output feedbacks being provided to the user.

[0053] The corresponding structures, materials, acts, and equivalents of all means or step plus

function elements in the claims below are intended to include any structure, material, or act for

performing the function in combination with other claimed elements as specifically claimed.

The description of the present invention has been presented for purposes of illustration and

description, but is not intended to be exhaustive or limited to the invention in the form disclosed.

Many modifications and variations will be apparent to those of ordinary skill in the art without

departing from the scope and spirit of the invention. The implementation was chosen and

described in order to best explain the principles of the invention and the practical application,

and to enable others of ordinary skill in the art to understand the invention for various

implementations with various modifications as are suited to the particular use contemplated.

[0054] It will be apparent to those skilled in the art that various modifications and variations

can be made to the disclosed systems and methods for locking detected touch location in a force-

based haptic multifunction switch panel. Other embodiments of the present disclosure will be

apparent to those skilled in the art from consideration of the specification and practice of the

present disclosure. It is intended that the specification and examples be considered as exemplary

only, with a true scope of the present disclosure being indicated by the following claims and

their equivalents.



Claims

What is claimed is:

1. A force-based haptic switch panel, comprising:

a touch plate having first and second surfaces, the first surface comprising a touch surface

and the second surface opposing the first surface;

a circuit board having a plurality of force sensors electrically coupled thereto, the force

sensors disposed between the circuit board and the second surface of the touch plate, wherein each

force sensor is configured to measure a respective portion of a force applied to the touch surface of

the touch plate; and

an acoustic actuator disposed proximate a second surface of the touch plate and configured to

generate a haptic output and an audible output responsive to the force applied to the touch surface.

2 . The force-based haptic switch panel of claim 1, wherein the acoustic actuator

comprises an audio speaker affixed to the second surface of the touch surface and deliver the haptic

output and audible output to the touch plate.

3. The force-based haptic switch panel of claim 1, further comprising a processor,

electrically coupled to the circuit board and configured to provide a plurality of different control

signals for causing the acoustic actuator to generate the haptic and audible outputs, each haptic

control signal associated with a respective force value applied to the touch surface.

4 . The force-based haptic switch panel of claim 3, wherein the processor is further

configured to cause the acoustic actuator to generate the haptic output and the audible output

substantially simultaneously, in response to the force applied to the touch surface.



5. The force-based haptic switch panel of claim 3, wherein each haptic control signal is

configured to cause the acoustic actuator to generate a respective combination of tactile vibration

and audible output.

6. The force-based haptic switch panel of claim 1, wherein the acoustic actuator is

secured directly to the second surface.

7. The force-based haptic switch panel of claim 1, wherein a magnitude of at least one

of the haptic output of the audible output is proportional to the amount of force applied to the touch

surface.

8. A steering wheel, comprising:

a force-based haptic switch panel embedded within at least a portion of the steering wheel,

the force-based haptic switch panel comprising:

a touch plate having first and second surfaces, the first surface comprising a touch

surface and the second surface opposing the first surface, wherein the first surface of the

touch plate is substantially flush with a surface of the steering wheel;

a circuit board having a plurality of force sensors electrically coupled thereto, the

force sensors disposed between the circuit board and the second surface of the touch plate,

wherein each force sensor is configured to measure a respective portion of a force applied to

the touch surface of the touch plate; and

an acoustic actuator disposed proximate a second surface of the touch plate and

configured to generate a haptic output and an audible output responsive to the force applied

to the touch surface.



9. The steering wheel of claim 8, wherein the acoustic actuator comprises an audio

speaker affixed to the second surface of the touch surface and deliver the haptic output and audible

output to the touch plate.

10. The steering wheel of claim 8, further comprising a processor, electrically coupled to

the circuit board and configured to provide a plurality of different control signals for causing the

acoustic actuator to generate the haptic and audible outputs, each haptic control signal associated

with a respective force value applied to the touch surface.

11. The steering wheel of claim 10, wherein the processor is further configured to cause

the acoustic actuator to generate the haptic output and the audible output substantially

simultaneously, in response to the force applied to the touch surface.

12. The steering wheel of claim 10, wherein each haptic control signal is configured to

cause the acoustic actuator to generate a respective combination of tactile vibration and audible

output.

13. The steering wheel of claim 8, wherein the acoustic actuator is secured directly to the

second surface.

14. The steering wheel of claim 8, wherein a magnitude of at least one of the haptic

output of the audible output is proportional to the amount of force applied to the touch surface.

15. A vehicle, comprising:

one or more ground-engaging devices;

a steering interface, coupled to one or more ground-engaging devices and comprising a rim

portion and a hub portion, the rim portion configured for grasping by an operator of a vehicle;



a touch plate having first and second surfaces, the first surface comprising a touch surface

and the second surface opposing the first surface;

a circuit board having a plurality of force sensors electrically coupled thereto, the force

sensors disposed between the circuit board and the second surface of the touch plate, wherein each

force sensor is configured to measure a respective portion of a force applied to the touch surface of

the touch plate; and

an acoustic actuator disposed proximate a second surface of the touch plate and configured to

generate a haptic output and an audible output responsive to the force applied to the touch surface;

and

a processor, communicatively coupled to the actuator and the plurality of force sensors, and

configured to provide a plurality of different control signals for causing the acoustic actuator to

generate the haptic and audible outputs, each haptic control signal associated with a respective force

value applied to the touch surface.

16. The vehicle of claim 16, wherein the acoustic actuator comprises an audio speaker

affixed to the second surface of the touch surface and deliver the haptic output and audible output to

the touch plate.

17. The vehicle of claim 16, wherein the processor is further configured to cause the

acoustic actuator to generate the haptic output and the audible output substantially simultaneously, in

response to the force applied to the touch surface.

18. The vehicle of claim 16, wherein each haptic control signal is configured to cause the

acoustic actuator to generate a respective combination of tactile vibration and audible output.

19. The vehicle of claim 1, wherein the acoustic actuator is secured directly to the second

surface.



20. The force-based haptic switch panel of claim 1, wherein a magnitude of at least one

of the haptic output of the audible output is proportional to the amount of force applied to the touch

surface.
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