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(57) Abstract: The provision of a haptic input with an integrated touch screen input is disclosed. One disclosed embodiment pro-
vides a control apparatus for an electronic device. The control apparatus comprises a haptic input mechanism configured to pro-
vide haptic feedback responsive to a push input, and an integrated touch sensitive display forming a surface of the haptic input
mechanism, wherein the touch sensitive display comprising a touch-sensing mechanism.
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INTEGRATED HAPTIC CONTROL APPARATUS AND TOUCH SENSITIVE
DISPLAY

BACKGROUND

[0001] A variety of control mechanisms may be used to control electronic devices.
For example, touch screen inputs allow a user to interact directly with a screen on which
commands and/or controls are displayed. Touch screens have been incorporated into an
increasing number of electronic devices, which may be due, at least in part, to decreases in
manufacturing costs as well as increases in functionality of the touch screen inputs. The
touch screen inputs may be configured to provide a variety of layouts having a number of
different functions. For example, a touch screen may visually represent and functionally
perform actions associated with an application program. Furthermore, a touch screen layout
may be quickly adjusted in response to an adjustment of the electronic device, increasing
the interactivity and ease of use of the device.

[0002] However, touch screen inputs do not provide haptic feedback, such as that
provided by directional pads, joysticks and the like. Such haptic feedback may be helpful
to enable quick and accurate interaction with a control mechanism, as haptic feedback may
allow a user to learn to associate various inputs with specific haptic responses. This may
allow the user to operate the control mechanism without visual observation, and to
determine the timing of various inputs with more accuracy than with touch screen inputs.
SUMMARY

[0003] Accordingly, various embodiments related to the provision of haptic
feedback with a touch screen input are disclosed. For example, one disclosed embodiment
provides a control apparatus for an electronic device. The control apparatus comprises a
haptic input mechanism configured to provide haptic feedback responsive to a push input
and an integrated touch sensitive display forming a surface of the haptic input mechanism,

the touch sensitive display comprising a touch-sensing mechanism.



WO 2010/033522 PCT/US2009/057049
MS# 324782.02 WO 2

[0004] This Summary is provided to introduce a seclection of concepts in a
simplified form that are further described below in the Detailed Description. This Summary
is not intended to identify key features or essential features of the claimed subject matter,
nor is it intended to be used to limit the scope of the claimed subject matter. Furthermore,
the claimed subject matter is not limited to implementations that solve any or all
disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a schematic representation of embodiments of an electronic
device and a control apparatus for the electronic device.

[0006] FIG. 2 shows a schematic sectional view of a touch screen input and haptic
input of the control apparatus of FIG. 1.

[0007] FIGS. 3-6 illustrate various example configurations of images displayed on

the touch screen input of the control apparatus of FIG. 1.

[0008] FIGS. 7-9 illustrate an embodiment of a portable electronic device in various
configurations.
[0009] FIG. 10 shows a flow diagram depicting an embodiment of a method for

operating an electronic device via a control apparatus.

DETAILED DESCRIPTION

[0010] FIG. 1 illustrates a schematic depiction of a control apparatus 12 for an
electronic device 10. The control apparatus 12 may include a haptic input mechanism 14
configured to provide haptic feedback responsive to a push input. The haptic input
mechanism may comprise a directional pad, one or more button inputs, a gamepad,
joystick, a sheared touch screen surface, a vibrational mechanism (e.g. rumble pad), etc. A
push input may comprise physical interaction with the haptic input mechanism 14 via an

appendage of a user, such as a digit, or an interactive instrument, such as a stylus.
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Furthermore, a spring, elastomeric button, and/or other suitable components included in the
haptic input mechanism 14 may provide haptic feedback.

[0011] Haptic feedback allows a user of the control apparatus 12 to associate a
haptic response with a specific function associated with actuation of the control apparatus
12, allowing for quick and accurate operation. In some examples, the user may operate the
control apparatus 12 without visual aid (i.e. direct observation) utilizing haptic feedback as
tactile aid.

[0012] The control apparatus 12 further comprises an integrated touch sensitive
display 16 forming a surface of the haptic input mechanism 14. In one example, as
illustrated in FIG. 2, the touch sensitive display 16 is positioned atop the haptic input
mechanism 14 (i.e. on the surface that a user pushes), forming a top surface 19 of the haptic
input mechanism 14. This allows a user to view and interact with the touch sensitive
display 16 and the haptic input mechanism 14 with the same hand, and without moving the
hand between the two inputs.

[0013] Continuing with FIG. 1, the touch sensitive display 16 may include a touch
sensing mechanism 18 configured to sense a touch input. Any suitable touch-sensing
mechanism may be used. Examples include, but are not limited to, capacitive, resistive,
optical, and other such touch sensing mechanisms. The touch sensing mechanism 18 may
be configured to sense a touch input from an appendage of a user, such as a digit, an
interactive instrument, such as a stylus, or other suitable apparatus capable of interacting
with the touch sensing mechanism. A touch input includes direct contact with the touch
sensitive display 16 and/or proximate movement near the touch sensitive display 16. For
example, a touch input may be performed via sliding, tapping, etc. of a digit on a surface of
the touch sensitive display.

[0014] In some configurations, the touch input triggers a first function in the

electronic device and the push input triggers a second function in the electronic device.
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Triggering a function in an electronic device may include sending command signals,
implementing commanded actions in an application program executed by the electronic
device, activating one or more electronic components, etc.

[0015] In one example, the application program is a gaming application program.
During operation of the gaming application program, an orbital touch input may control a
steering function, while a push input may control a toggle function (e.g. firing of a weapon,
actuation of a horn, etc.), a scrolling function, etc. In other examples, the touch and push
inputs may trigger the same function.

[0016] Returning to FIG. 1, the touch sensitive display 16 may include a display
mechanism 20 configured to display objects, images, etc. Any suitable display mechanism
may be used. In one example, the display mechanism 20 comprises an organic light
emitting device (OLED) configured to display an image on the touch sensitive display 16.
OLEDs may offer advantages over other display mechanisms due to their low profile and
low power consumption compared to other displays, such as a backlit displays. However, it
will be appreciated that alternate display mechanisms may be utilized to display images
such and a liquid crystal display (LCD), light emitting diode (LED) display, electronic
paper (e-paper) displays, thin film transistor (TFT) display, etc. In another embodiment, an
electronic paper display may be used in display mechanism 20. The use of electronic paper
may allow the manufacture of a lower cost system than an OLED. Additionally, optical
waveguides may direct light from a location within the electronic device onto the touch-
sensitive surface of the display mechanism 20.

[0017] The control apparatus 12 may further include a second display 22 spaced
apart from the control apparatus 12. The second display 22 may be used as a primary
display to present a game or other interactive content to a user. The second display 22 may
be any suitable display, including but not limited to an OLED display, a liquid crystal

display (LCD), light emitting diode (LED) display, as well as any of the other displays
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mentioned above. The second display may be configured to receive data (e.g. image data)
from a controller 24, which may comprise a processor and memory containing instructions
executable by the processor to perform this and other functions described herein.

[0018] It will be appreciated that the second display 22, controller 24, and control
apparatus 12, may form a single electronic device sharing a common housing, each
component being in electronic communication. For example, the second display 22,
controller 24, and control apparatus 12 may be included in a portable electronic device such
as a handheld gaming console, portable media player, etc. Likewise, other configurations
of these components are possible. For example, each of the electronic components may be
separate components having distinct housings, while maintaining electronic
communication. Examples of such configurations include, but are not limited to, desktop
computing systems, gaming consoles, etc.

[0019] Among other functions, the controller 24 may be configured to control the
display of indicia on the touch sensitive display 16. FIGS. 3-6 show the touch sensitive
display 16 displaying various indicia 28. The indicia 28 may include alphanumeric
characters, symbols, images, or any other suitable indicia. In these figures, the haptic
control mechanism 14 is illustrated schematically as a dashed line cross indicating the
directions in which the mechanism is actuatable, but it will be understood that the haptic
control mechanism 14 physically may have the same footprint as the touch-sensitive
display 16. FIGS. 3-4 illustrate first and second example alphanumeric layouts, 30 and 40,
respectively. FIG. 5 illustrates a third example layout 50 comprising arrows which
symbolically represent directions a cursor, character, etc. may be moved via the directional
pad. FIG. 6 shows a fourth example layout 60 displaying symbols that may correspond to
specific actions a user can take in an application program via a touch or push input at the

location of the indicia. It will be appreciated that many variations of the layout and/or
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appearance of the touch sensitive display 16 are possible, and that the depicted
embodiments are shown for the purpose of illustration.

[0020] Referring to FIGS. 3-4, the touch sensitive display 16 is shown in two
alphanumeric configurations, 30 and 40 respectively, with arbitrary characters shown as
indicia at each actuatable direction. In this example, FIG. 3 shows the touch sensitive
display 16 in a first configuration 30 before the indicia have been changed due to a
triggering event, such as a physical manipulation of the control apparatus 12 or a change of
an application program that is controlled by the control apparatus 12. Likewise, FIG. 4
shows the touch sensitive display 16 in a second configuration 40, at a subsequent time,
after such a triggering event has occurred. As illustrated in these figures, the indicia have
changed in location and appearance. Further, the indicia also may be changed in
orientation, or in any other suitable manner.

[0021] In this manner, specific symbols that inform a user of an action invoked by a
direction on a directional pad (or other haptic input device) may be displayed for specific
application programs used with the control apparatus 12. This may help a user to learn a
control layout for the application program more easily than where generic indicia are used
to identify actuatable haptic controls, especially where the control apparatus 12 is used to
control a wide variety of application programs. In this case, each program may have
different actions associated with the haptic input mechanism 14 and the touch sensitive
display 16. It may be difficult for the user to keep track of all the actions performed by the
control apparatus 12 in many different application programs. Therefore, the displayed
indicia and the layout of the displayed indicia may be changed with each application to
correspond to the specific actions a particular application program assigns to the control
apparatus 12.

[0022] As a specific example, referring to FIGS. 5 and 6, one application may

utilize a directional pad to control a movement of a character, while another application
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may use the directional pad to control specific actions, such as an unlocking of a door.
Thus, in the first instance, the indicia may comprise arrows that indicate that the directional
pad controls movement, while in the second instance, a key symbol 62 may show the
specific direction on the directional pad that can be actuated to perform the unlocking
action. The correspondence between the indicia and the action performed may help the user
quickly learn how the control apparatus is used for a specific application. This may help to
allow a user with no previous knowledge of the device or application program to quickly
learn to operate the controls without having to consult a manual or revisit a training process
for the application.

[0023] The displayed indicia may be modified in response to any suitable event or
occurrence. For example, the displayed indicia may be modified in response to a physical
manipulation of the electronic device 10 and/or a change of an application program
executed by the electronic device 10. Furthermore, the displayed indicia 28 may be
actively updated during a touch or push input. As an example, in a driving video game, the
displayed indicia may take the form of a steering wheel that visibly rotates upon input of an
orbital touch motion by a user.

[0024] Returning to FIG. 1, the second display 22, controller 24, and control
apparatus 12 may electronically communicate via one or more command signal(s) 26. The
command signal(s) may initiate various actions in the aforementioned electronic
components (i.e. the second display 22, controller 24, and control apparatus 12). The
actions may include executables implemented by the hardware components and the
software included in the controller 24, the second display 22, and/or the control apparatus
12. Command signal(s) may include signals configured to initiate various actions in
software and hardware of associated systems. It will be appreciated that while a single

control apparatus is illustrated in FIG. 1, a plurality of control apparatuses may be utilized.
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[0025] An exemplary portable electronic device 70 is illustrated in FIGS. 7-9 with
different example layouts of indicia. The portable electronic device 70 includes a multi-
directional control mechanism 72 in the form of a directional pad. Although a single multi-
directional control mechanism is shown, it will be appreciated that a plurality of multi-
directional control mechanisms may be utilized.

[0026] The multi-directional control mechanism 72 has a plurality of actuatable
components 74, cach actuatable component configured to provide haptic feedback in
response to an input. The portable electronic device 70 also includes a second display 75
configured to display images or objects such as a video game, other audio/video content,
etc. While shown in the context of a directional pad, it will be understood that the multi-
directional control mechanism 72 may additionally or alternatively include a joystick, one
or more buttons, etc. Furthermore, it will be understood that the second display may
comprise a haptic feedback mechanism as described herein.

[0027] The portable electronic device 70 further comprises a touch sensitive display
76 configured to display one or more indicia 78, forming a surface 79 of the multi-
directional control mechanism 72. FIGS. 7-9 show the control mechanism 72 with
different indicia displayed on the touch sensitive display 76. First, FIG. 7 shows the multi-
directional control mechanism 72 in a first example configuration 80, wherein the
actuatable components 74 include displays of up, down, left, and right directional arrows
indicating, for example, directions a character in a game may be moved via the multi-
directional control mechanism 72. FIG. 8 shows the multi-directional control mechanism
72 in a second example configuration 82 in which the actuatable components 74 are labeled
with alphanumeric indicia 78. FIG. 9 illustrates the multi-directional control mechanism 72
in a third example configuration 84, in which symbolic indicia are displayed.

[0028] The portable electronic device 70 further may include a controller 86

electronically coupled to the multi-directional control mechanism 72 and/or the touch
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sensitive display 76. Among other functions, the controller 8 may be configured to
modify the indicia on the touch sensitive display 76 and modify the functionality of the
multi-directional control mechanisms 72 in response to an event such as a physical
manipulation of the portable electronic device 70 and/or a change in an application or
program executed by the device. In FIGS. 7-9 the controller 86 is shown at a perimeter of
the portable electronic device 70 for clarity, but it will be understood that the controller 86
may be located in any suitable location within a body of the portable electronic device 70.
[0029] The touch sensitive display 76 and the multi-directional control mechanism
72 are each configured to receive input from a user, and to provide a control signal to the
controller 86 to control an action of an application, such as a game, media player, etc.,
executed on the portable electronic device. In some applications, the touch sensitive
display 76 and the multi-directional control mechanism 72 may be configured to be
actuated substantially concurrently and in response to actuation generate a single command
signal (i.c. one or more output signals that are interpreted as a single command by the
controller 86), while in other applications the touch sensitive display 76 and multi-
directional control mechanism 72 may provide separate control signals even when activated
in a temporally overlapping manner (i.e. a plurality of output signals that are interpreted as
separate commands by the controller 86).

[0030] Continuing with FIGS.7-9, each indicium on the touch sensitive display 76
may specify a function of a corresponding actuatable component. In the example of Figure
7, the arrow indicia show a user that the actuatable components of the multi-directional
control mechanism can be used to move a character in the indicated directions. In the
example of Figure 8, the letter indicia may be used, for example, to support a legacy game
in which generically labeled buttons are described in a user manual for the game. In the
example of Figure 9, the indicia comprise symbolic representations of a camera 92 and a

grenade 94, which may correspond to actions that a character in a game may take (e.g.
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capturing a photograph of a scene in a game, and launching a grenade in a game,
respectively). It will be understood that the specific embodiments herein are described for
the purpose of example, and are not intended to be limiting in any manner.

[0031] While Figures 7-9 illustrate a portable device with both a directional control
mechanism 72 with an integrated display 76, and a second display 75, it will be understood
that other embodiments may comprise a single display that occupies a substantial portion of
a surface of the device, and that has both a haptic input mechanism and a touch input
mechanism. For example, referring to the embodiment of Figs. 7-9, the second display 75
may include a haptic feedback mechanism (i.e. a large-area multi-directional haptic control
underlying the second display 75), and the control mechanism 72 and display 76 may be
omitted. Further, the display in such an embodiment may be sized to occupy substantially
an entire face of the portable device.

[0032] FIG. 10 illustrates a method 100 for operating a user input control apparatus
for an electronic device, the control apparatus having a directional pad comprising an
integrated touch sensitive display, and a controller configured to receive and correlate
command signals from the touch sensitive display and the moveable control mechanism.
Method 100 may be implemented, for example, via instructions stored in memory and
executable by a processor in a controller of the above-described embodiments, or may be
implemented in any other suitable system or environment. In some exemplary
embodiments a portable electronic device may be used, while in other embodiments
another suitable electronic device may be used.

[0033] First, at 110, method 100 includes displaying one or more indicia on the
touch sensitive display. In one example, each indicium may specify a function of a
corresponding actuatable component of the directional pad, as previously discussed. At
112, method 100 further includes receiving a push input via the directional pad. A push

input may include depression of the moveable control mechanism, or in other
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embodiments, an input via a joystick or the like. Next at 114, method 100 includes
providing haptic feedback in response to the push input. Such feedback may be a “snap”
sensation as a directional actuator on the directional pad is pressed, or may be any other
suitable feedback.

[0034] Next, as shown at 116, method includes receiving a touch input via a touch
sensitive display. Next at 118, the method includes, providing feedback in response to the
touch input. Such feedback may be visual and/or aural feedback provided by an
application, such as a game or media player, or may be any other suitable feedback.

[0035] Next, at 120, the method includes altering the displayed indicia on the
touch-sensitive display. The displayed indicia may be altered in response to physical
manipulation of the electronic device, at 122. Additionally or alternatively, the displayed
indicia may be altered in response to a change in the functionality of the directional pad, at
124. Altering the display indicia may include altering an appearance, location, quantity,
and/or functionality of the indicia. Further, the display indicia may be altered in response to
a change of an application program associated with the control apparatus. In one example,
the indicia may be altered in response to start up of an application. Further still, the
displayed indicia may be altered in response to physical manipulation of the device.

[0036] Additionally, in some embodiments, the method 100 may include generating
a first command signal and a second command signal in response to substantially
concurrent touch inputs. Alternatively, in other embodiments, the method 100 may include
generating a single command signal in response to substantially concurrent touch and push
inputs, as described above. Further still, in other embodiments the method may include,
generating a first command signal and a second command signal in response to
asynchronous touch and push inputs.

[0037] The embodiments described herein may be implemented to enable a user to

efficiently and accurately operate an electronic device. Further, the above systems and
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methods allow for a haptic control apparatus for an electronic device to be adapted such
that the control apparatus can display indicia specifically tailored to inform a user the exact
function assigned to the directions of a haptic directional control apparatus. This is in
contrast to other directional pads, joysticks, etc., that may use static, generic labeling to
signify the actuatable directions of the controller.

[0038] It will be understood that the embodiments described herein are exemplary
in nature, and that these specific embodiments or examples are not to be considered in a
limiting sense, because numerous variations are contemplated. Accordingly, the present
disclosure includes all novel and non-obvious combinations and sub-combinations of the

various systems and methods disclosed herein, as well as any and all equivalents thereof.
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CLAIMS:
1. A control apparatus (12) for an electronic device (10), the control apparatus (12)
comprising:
a haptic input mechanism (14) configured to provide haptic feedback
responsive to a push input; and
an integrated touch sensitive display (16) forming a surface (19) of the
haptic input mechanism (14), the touch sensitive display (16) comprising a

touch-sensing mechanism (18).

2. The control apparatus of claim 1 further comprising a second display spaced
apart from the haptic input mechanism and touch sensitive display, wherein the

electronic device is portable.

3. The control apparatus of claim 1 further comprising a controller configured to
display one or more indicia on the touch sensitive display and to modify the
displayed indicia in response to a physical manipulation of the electronic device

and/or a change of an application program executed by the electronic device.

4. The control apparatus of claim 3, wherein the haptic input mechanism
comprises a directional pad, and wherein modifying the indicia comprises

changing an indicia associated with a direction on the directional pad.

5. The control apparatus of claim 1, wherein the touch-sensing mechanism is

capacitive.
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6. The control apparatus of claim 1, wherein the touch-sensitive display comprises

an organic light emitting device or an electronic paper device.

7. The control apparatus of claim 3, wherein a touch input triggers a first function
in the electronic device and a push input triggers a second function in the

electronic device.

8. The control apparatus of claim 7, wherein triggering a function includes
implementing a command in an application program executed by the electronic

device.

9. A method for operating a user input control apparatus (12) for an electronic
device (10), the control apparatus having a directional pad (14) comprising an
integrated touch sensitive display (16), and a controller (24) configured to
receive and correlate command signals from the touch sensitive display (16) and
the moveable control mechanism (18), the method comprising:

Displaying (110) one or more indicia on the touch sensitive display;
receiving (112)a push input via the directional pad;

providing (114) haptic feedback in response to the push input;

receiving (116) a touch input via the touch sensitive display;

providing (118) feedback in response to the touch input; and

altering (120) the displayed indicia in response to a change in a functionality

of the directional pad.
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10.

11.

12.

13.

14.

15.

The method according to claim 9, wherein altering the displayed indicia
includes altering an appearance, location, quantity, and/or functionality of the

indicia.

The method according to claim 9 further comprising generating a first command
signal and a second command signal in response to asynchronous touch and

push inputs, respectively.

The method according to claim 9 further comprising generating a single

command signal in response to substantially concurrent touch and push inputs.

The method according to claim 9, wherein each indicium specifies a function of

a corresponding actuatable component of the directional pad.

The method according to claim 9, wherein the display indicia are altered in
response to a change of an application program being controlled by the control

apparatus.

The method according to claim 9, wherein the displayed indicia are altered in

response to physical manipulation of the electronic device.
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