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SPECIFICATION

PARTIAL WAIVER OF COPYRIGHT

All of the material in this patent application 1is

5 subject to copyright protection under the copyright laws of
the United States and of other countries. As of the first
effective filing date of the present application, this

material is protected as unpublished material.

However, permission to copy this material 1is hereby

10 granted to the extent that the copyright owner has no
objection to the facsimile reproduction by anyone of the
patent documentation or patent disclosure, as it appears in

the United States Patent and Trademark Office patent file or
records, but otherwise —reserves all copyright —rights

15 whatsoever.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

OR DEVELOPMENT

Not Applicable

REFERENCE TO A MICROFICHE APPENDIX

20 Not Applicable

FIELD OF THE INVENTION

The present invention generally relates to systems and

methods 1n the field of touch sensor devices and has
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specific application to tactile overlays for multi-touch
and/or pressure-sensitive touch sensors. Specific invention
embodiments may have particular applicability to touch-based
force-sensing devices and methods for determining the
location and amount of force exerted on a pressure-sensitive

surface.

PRIOR ART AND BACKGROUND OF THE INVENTION

Touch sensors are input devices and are therefore
typically paired with a complementary output device to
provide a user with some form of feedback. In modern
electronic devices this feedback is typically wvisual (i.e.,
a display) . In smartphones, for instance, touch sensors are
placed directly on top of displays to allow the direct
manipulation of on-screen user interfaces. The display
provides wvisual feedback and guides the wuser through the

interaction.

When wusing a force-sensing touch solution, visual
feedback can be implemented by actually printing visual
indicators on top of the touch surface itself. For example,
treadmills often have force-sensitive buttons behind a
flexible membrane. This membrane is printed with a pattern
that indicates button location and functionality. Some of
these membranes also have raised edges to indicate
boundaries between buttons. This adds tactile feedback for
the user, and increases the interface’s usability. Since
the membrane i1is flexible, the wuser can transmit forces
through the membrane and activate the force-sensitive
buttons lying underneath. The membrane provides the user
with adequate visual/tactile feedback, rendering a display

unnecessary.

JSENS.00003PCT Page 2 6/25/2015
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With this background as an application context, the
present invention disclosure describes how physical
augmentation of high-resolution force-sensitive touch
sensors allows for the development of next-generation user
interfaces. By replacing the set of discrete force-
sensitive buttons with a high-resolution two-dimensional
array of force sensors, the use of physical augmentation via
overlays provides a much more powerful implementation and
user experience. Instead of having a fixed set of buttons
with a fixed membrane, it 1is possible to have one touch
sensor that is compatible with an infinite number of
membranes, each augmenting the sensor to add a different
user experience. Touches may still be tracked across the
entire sensor so much more data is available to application

software directing the overall user experience.

BRIEF SUMMARY OF THE INVENTION

Overview

A tactile touch sensor system and method providing for
physical augmentation of a high-resolution force-sensitive
touch sensor (FSTS) is disclosed. This physical
augmentation is enabled through the use of physical overlays
that are placed on top of the FSTS. These overlays may be
constructed to transmit forces to the underlying FSTS. This
force transmission 1is accomplished by either using a
flexible overlay or by fashioning a rigid mechanical overlay
such that forces exerted on the overlay by a user are
transmitted to the FSTS underneath. Identification of
individual overlays by the FSTS ©permits operational
characteristics of the FSTS to be automatically reconfigured
to conform to the currently applied overlay format. Various

methods teach the construction of these physical overlays
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and describe how this type of physical augmentation may be
used to increase the functionality and modularity of a FSTS
module and FSTS systems. These systems may in some
embodiments be augmented with additional resistive and/or
capacitive sensors to automatically identify or interact

with the physical overlay applied to the FSTS.

The present invention involves coupling a physical
overlay with a high-resolution, multi-touch, force-sensitive
touch sensor. The physical overlay is designed to provide a
user with wvisual/tactile feedback, and may be coupled with
matching software to create a functional user interface.
Since the physical overlay is placed between a user and the
touch sensor, the overlay must be designed so that it
transmits forces coming from the user to the sensor. These
overlays can be flat or three-dimensional membranes, molded
out of a flexible and/or compliant material. If an overlay
is flexible, the overlay will naturally transmit forces from
the user to the touch sensor. Alternatively, it is possible
to construct rigid, mechanical widgets (buttons, sliders,
knobs, etc.) which are designed to transmit user-supplied
force to the underlying touch sensor. Finally, a
programmable, deformable physical interface can be used to
support a wide range of application-specific user

interfaces.

har. risti nd Advan f the Invention

Today, touch interfaces are primarily found on
smartphones and tablets. One of the issues with these
interfaces is that they have no tactile feedback. There
have been industry efforts to “add back” the tactile
feedback in these interfaces through the use of haptics.
This has a wide set of challenges, and many efforts fail to

effectively offer adequate tactile feedback. By physically
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augmenting force-sensitive touch sensors, it is possible to
create physical and intuitive interfaces that offer Dboth
tactile and visual feedback, which increases the usability
of the touch sensor. Instead of trying to “add back” the
sensation of a button, vyou can design an overlay for a
force-sensitive touch sensor that actually has a button.
One can create overlays out of different materials, with
different elasticity/compliance. With a “squishy” material,
the user can better determine the level of force he/she is

exerting on the sensor.

A major advantage of the disclosed invention is that it
allows construction using a modular approach, so that one
touch sensor is compatible with a wide array of physically
flexible overlays. This becomes much more cost-effective
for the end-user, and eliminates the end-user purchase
requirement of sensor interfaces that are designed for a
single application. For instance, a musician can have a
force-sensitive touch sensor and also have two overlays: a
piano keyboard overlay and a drum pad overlay. This modular
approach allows the musician to purchase more overlays
(which are relatively inexpensive) and use them on his one
touch sensor. Alternatively, the end-user could have
multiple touch sensors and mix and match which overlays he

is using at any given time.

Exemplarv Invention Application ntex

One of the most obvious use-cases for the present
invention is the implementation of a standard QWERTY
keyboard functionality. Typing on a flat touch sensor is
very unpleasant, and most people need tactile feedback to
type accurately and efficiently. Creating a physical QWERTY
keyboard overlay would solve some of these issues and make

typing on a touch sensor much more enjoyable. In addition
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to a standard QWERTY keyboard, simply by changing the
overlay, keyboards for different languages (such as French)
and different key arrangements (such as DVORAK) can be made.
Even unusual keyboards, such as court-stenographer
keyboards, and keyboards that wuse highly unconventional
layouts and interface schemes can be created simply by

changing the overlay.

An infinite number of musical instruments could be
fashioned using the present invention. For example, it is
possible to make a drum pad or even a piano keyboard using
the present invention teachings. For a drum pad, it 1is
possible to 3D-print with a flexible material, and create
any type of drum kit or layout. For a piano, it is possible
to build an overlay that indicates piano key location.
Since touches are tracked across the entire sensor, the
sensor knows where the user is touching within a given key.
This data can be used to expand the functionality of the
piano. For example, software can use the fingers position
within a given key to pitch-bend the current note a user is
playving. Taking this idea further, novel forms of
instruments having different button layouts, sizes, and

shapes can be created just by creating custom overlays.

Instead of having a monolithic overlay that covers the
entire sensor, it is possible to augment the touch interface
with multiple smaller overlays. In order to secure the
overlays to the touch sensor, it is possible to employ the
use of magnets to hold each overlay against the surface of
the sensor. This allows a user to create user interface
building blocks and allow a user to develop new interfaces
on the fly. These magnetic building blocks could be as
simple as a rectangle which marks a special area of the
sensor. This might include a drawing software application

with a rectangle indicating where the user can draw on the

JSENS.00003PCT Page 6 6/25/2015



10

15

20

25

WO 2015/200726 PCT/US2015/037831

TACTILE TOUCH SENSOR SYSTEM AND METHOD

sensor. Other building blocks could be more complicated,
such as a physical slider bar. This slider may be built so
that it transmits forces through to the touch sensor. This

permits adding the slider next to the drawing rectangle and
using 1t to control the drawing 1line width or other
sketching parameters. Besides a slider and a drawing area,
many other mechanical building blocks may be created to
emulate physical interfaces, such as knobs, physical
buttons, toggle switches, and joysticks. With this modular
approach, it is possible to develop both simple and highly
complex physical interfaces. This modular approach to
building physical interfaces could have huge implications in
medical and industrial fields, where custom controls for

specialized equipment can be very expensive.
BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the advantages provided
by the invention, reference should be made to the following
detailed description together with the accompanying drawings

wherein:

FIG. 1 illustrates an overview block diagram of a

preferred exemplary invention system embodiment;

FIG. 2 illustrates an overview flowchart of a preferred

exemplary invention method embodiment;

FIG. 3 illustrates a block diagram of a preferred

exemplary invention system embodiment;

FIG. 4 illustrates a flowchart of a preferred exemplary

invention method embodiment:;

FIG. 5 illustrates a flowchart of a preferred exemplary

contact/event mapping method embodiment;
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FIG. 6 illustrates a flowchart of a preferred exemplary
event generation method embodiment depicting how the system
software reads touch data and eventually determines if a
particular touch has activated a region of interest on an

overlay;

FIG. 7 illustrates how the system software reads touch
data and eventually determines if a particular touch has

activated a region of interest on a TPO overlay;

FIG. 8 illustrates various methods by which magnets may

be incorporated into TSA/TPO structures;

FIG. 9 illustrates a schematic depicting detection of

TPO identification using magnetometers;

FIG. 10 illustrates a diagram depicting detection of

TPO identification using a magnet-encoded overlay;

FIG. 11 illustrates a diagram depicting the use of
magnets/magnetometers to detect the presence of a TPO

overlay;

FIG. 12 illustrates a flowchart depicting a method for

automatic detection of a TPO overlay using magnetometers;

FIG. 13 illustrates a flowchart depicting a method for
automatic detection of a TPO overlay using an embedded RFID

device within the TPO overlay and a RFID antenna in the TSA;

FIG. 14 illustrates a flowchart depicting a method for
automatic detection of an arbitrarily placed TPO overlay
using an embedded RFID device within the TPO overlay and
RFID antennas in the TSA;

FIG. 15 illustrates a flowchart depicting vertical and
horizontal antennas placed within the TSA for the purposes
of automatic identification of a TPO overlay using an

embedded RFID device within the TPO overlay;
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FIG. 16 illustrates a flowchart depicting a method for
automatic detection of a TPO overlay using RFID

communications;

FIG. 17 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) useful in implementing some embodiments of

the present invention;

FIG. 18 illustrates a top right rear perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) useful in implementing some embodiments of

the present invention;

FIG. 19 illustrates a bottom right front perspective
view of a preferred exemplary touch sensitive array (TSA)
tablet interface (TTI) useful in implementing some

embodiments of the present invention;

FIG. 20 illustrates a bottom right rear perspective
view of a preferred exemplary touch sensitive array (TSA)
tablet interface (TTI) useful in implementing some

embodiments of the present invention;

FIG. 21 illustrates a top view of a preferred exemplary
touch sensitive array (TSA) tablet interface (TTI) useful in

implementing some embodiments of the present invention;

FIG. 22 illustrates a bottom view of a preferred
exemplary touch sensitive array (TSA) tablet interface (TTI)
useful in implementing some embodiments of the present

invention;

FIG. 23 illustrates a right side view of a preferred
exemplary touch sensitive array (TSA) tablet interface (TTI)
useful in implementing some embodiments of the present

invention;
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FIG. 24 illustrates a rear side view of a preferred
exemplary touch sensitive array (TSA) tablet interface (TTI)
useful in implementing some embodiments of the present

invention;

FIG. 25 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a first exemplary custom TTA pressure

overlay (TPO);

FIG. 26 1llustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a first

exemplary custom TTA pressure overlay (TPO);

FIG. 27 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a second exemplary custom TTA pressure

overlay (TPO);

FIG. 28 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a second

exemplary custom TTA pressure overlay (TPO);

FIG. 29 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a third exemplary custom TTA pressure

overlay (TPO);

FIG. 30 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a third

exemplary custom TTA pressure overlay (TPO);

FIG. 31 illustrates a top right front perspective view

of a preferred exemplary touch sensitive array (TSA) tablet

JSENS.00003PCT Page 10 6/25/2015



10

15

20

25

30

WO 2015/200726 PCT/US2015/037831

TACTILE TOUCH SENSOR SYSTEM AND METHOD

interface (TTI) with a first exemplary typewriter keyboard

TTA pressure overlay (TPO);

FIG. 32 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a first

exemplary typewriter keyboard TTA pressure overlay (TPO);

FIG. 33 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a second exemplary typewriter keyboard

TTA pressure overlay (TPO);

FIG. 34 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a second

exemplary typewriter keyboard TTA pressure overlay (TPO);

FIG. 35 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a third exemplary typewriter keyboard
TTA pressure overlay (TPO);

FIG. 36 1llustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a third
exemplary typewriter keyboard TTA pressure overlay (TPO);

FIG. 37 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a first exemplary piano keyboard TTA

pressure overlay (TPO);

FIG. 38 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a first

exemplary piano keyboard TTA pressure overlay (TPO);
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FIG. 39 illustrates a top right front perspective view
of a preferred exemplary touch sensitive array (TSA) tablet
interface (TTI) with a second exemplary piano keyboard TTA

pressure overlay (TPO);

FIG. 40 illustrates a top view and right/front
sectional perspective views of a preferred exemplary touch
sensitive array (TSA) tablet interface (TTI) with a second

exemplary piano keyboard TTA pressure overlay (TPO);

FIG. 41 illustrates perspective and sectional views of
an exemplary deformable membrane activated by piezo-electric

elements;

FIG. 42 illustrates perspective and sectional views of
an exemplary deformable membrane activated by pumped

air/fluid elements;

FIG. 43 illustrates perspective and sectional views of
an exemplary deformable membrane activated by heat expanding

elements;

FIG. 44 illustrates an exemplary TSA/TPO configuration

in which light piping is used to illuminate TPO structures;

FIG. 45 illustrates an exemplary TSA/TPO configuration

in which light piping is used to illuminate TPO structures;

FIG. 46 illustrates an exemplary TSA/TPO configuration
that implements energy harvesting for wuse by the TPO

structure;

FIG. 47 illustrates an exemplary TSA/TPO configuration
that implements energy harvesting for wuse by the TPO

structure;

FIG. 48 illustrates an exemplary TSA tablet structure

on which a variety of TPO elements are attached.
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FIG. 49 illustrates top perspective and top perspective
sectional views of a TPO ©peripheral edge insertion

attachment mechanism between the TPO and the TSA assembly;

FIG. 50 illustrates front perspective sectional views
of a TPO peripheral edge insertion attachment mechanism

sequence between the TPO and the TSA assembly;

FIG. 51 illustrates top perspective and top perspective
sectional views of a TPO side edge insertion attachment

mechanism between the TPO and the TSA assembly;

FIG. 52 illustrates top and bottom perspective views of
a TPO side edge insertion attachment mechanism between the
TPO and the TSA assembly depicting open and closed edge

invention variants;

FIG. 53 illustrates a top perspective view of a TPO
magnetic bezel attachment mechanism between the TPO and the

TSA assembly;

FIG. 54 illustrates a bottom perspective view of a TPO
magnetic bezel attachment mechanism between the TPO and the

TSA assembly;

FIG. 55 illustrates a top perspective exploded view of
a TPO hinged bezel attachment mechanism between the TPO and

the TSA assembly;

FIG. 56 illustrates a top perspective assembled view of
a TPO hinged bezel attachment mechanism between the TPO and

the TSA assembly;

FIG. 57 illustrates a perspective view of an exemplary
TPO and TSA assembly for use in describing TPO
identification methodologies taught by the present

invention;
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FIG. 58 illustrates perspective views of an exemplary

TPO incorporating magnetic attachment means;

FIG. 59 illustrates a perspective view of an exemplary
TPO incorporating magnetic attachment means and TPO magnetic

identification means;

FIG. 60 illustrates a perspective view of an exemplary
TPO 1incorporating magnetic attachment means and raised

indicia identification means;

FIG. 61 illustrates a bottom view of an exemplary TPO
incorporating magnetic attachment means with bar code

identification means and QR-code identification means;

FIG. 62 illustrates a perspective view of an exemplary

TPO incorporating raised bar code identification means;

FIG. 63 illustrates bottom and perspective views of an
exemplary TPO incorporating magnetic attachment means and

RFID identification means;

FIG. 64 illustrates perspective views of an exemplary
TPO incorporating magnetic attachment means and switched TPO
identification using shorting strips on the TPO and

corresponding switch contacts on the surface of the TSA;

FIG. 65 illustrates top perspective and bottom

perspective views of an exemplary TPO key embodiment;

FIG. 66 illustrates top front perspective and front
sectional views of an exemplary TPO key embodiment with the

key in an un-depressed state;

FIG. 67 illustrates top front perspective and front
sectional views of an exemplary TPO key embodiment with the

key in a depressed state;

FIG. 68 illustrates top diagonal ©perspective and

diagonal sectional views of an exemplary TPO key embodiment

JSENS.00003PCT Page 14 6/25/2015



10

15

20

25

30

WO 2015/200726 PCT/US2015/037831

TACTILE TOUCH SENSOR SYSTEM AND METHOD

with the key in an un-depressed state and depicts the

attachment magnet structures;

FIG. 69 illustrates top front and top rear perspective

views of an exemplary TPO rocker switch embodiment;

FIG. 70 illustrates bottom front perspective and bottom
front sectional perspective views of an exemplary TPO rocker

switch embodiment;

FIG. 71 illustrates side sectional perspective and side
sectional views of an exemplary TPO rocker switch embodiment

in a first switch position;

FIG. 72 illustrates side sectional perspective and side
sectional views of an exemplary TPO rocker switch embodiment

in a second switch position;

FIG. 73 1illustrates a top perspective wview of an

exemplary TPO slider embodiment;

FIG. 74 illustrates a bottom perspective view of an

exemplary TPO slider embodiment;

FIG. 75 illustrates top and bottom views of an

exemplary TPO slider embodiment;

FIG. 76 illustrates front, side, and diagonal
perspective sectional views of an exemplary TPO slider

embodiment;

FIG. 77 illustrates top and bottom perspective views of

an exemplary TPO dial knob embodiment;

FIG. 78 1llustrates front sectional views of an

exemplary TPO dial knob embodiment;

FIG. 79 illustrates side sectional views of an

exemplary TPO dial knob embodiment;

FIG. 80 illustrates diagonal sectional wviews of an

exemplary TPO dial knob embodiment;
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FIG. 81 illustrates a top right front perspective view

of an exemplary two-piece TPO mouse/puck embodiment;

FIG. 82 illustrates a bottom right front perspective

view of an exemplary two-piece TPO mouse/puck embodiment;

FIG. 83 illustrates front, rear, and side views of an

exemplary two-piece TPO mouse/puck embodiment;

FIG. 84 illustrates top and bottom vwviews of an

exemplary two-piece TPO mouse/puck embodiment;

FIG. 85 illustrates an assembly view of an exemplary

two-piece TPO mouse/puck embodiment;

FIG. 86 illustrates perspective isolation views of the
mouse/puck shell in an exemplary two-piece TPO mouse/puck

embodiment;

FIG. 87 illustrates perspective isolation views of the
mouse/puck contact surface in an exemplary two-piece TPO

mouse/puck embodiment;

FIG. 88 illustrates a perspective isolation view of a
mouse/puck contact surface variant in an exemplary two-piece

TPO mouse/puck embodiment;

FIG. 89 illustrates top and bottom perspective views of

an exemplary TPO joystick embodiment;

FIG. 90 illustrates front, top, and bottom views of an

exemplary TPO joystick embodiment;

FIG. 91 illustrates front perspective sectional and
front sectional views of an exemplary TPO Jjoystick

embodiment;

FIG. 92 illustrates side perspective sectional and side

sectional views of an exemplary TPO joystick embodiment;

FIG. 93 illustrates diagonal perspective sectional

views of an exemplary TPO joystick embodiment;
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FIG. 94 illustrates side sectional views of an
exemplary TPO Jjoystick embodiment illustrating wvarious

joystick positions and spring conditions;

FIG. 95 illustrates top and bottom perspective views of
an exemplary TPO Jjoystick embodiment incorporating a

pushbutton selector;

FIG. 96 illustrates front perspective sectional and
front sectional views of an exemplary TPO Jjoystick

embodiment incorporating a pushbutton selector;

FIG. 97 illustrates a top perspective wview of an

exemplary TPO trackpad embodiment;

FIG. 98 illustrates a bottom perspective view of an

exemplary TPO trackpad embodiment;

FIG. 99 illustrates a top perspective front section

view of an exemplary TPO trackpad embodiment;

FIG. 100 illustrates a top perspective diagonal section

view of an exemplary TPO trackpad embodiment;

FIG. 101 illustrates a top perspective view of an

exemplary TPO keypad embodiment;

FIG. 102 illustrates a bottom perspective view of an

exemplary TPO keypad embodiment;

FIG. 103 illustrates a top perspective front section

view of an exemplary TPO keypad embodiment;

FIG. 104 illustrates a top perspective diagonal section

view of an exemplary TPO keypad embodiment;

FIG. 105 illustrates a top perspective view and top
perspective front/side sectional views of a basic flat
trackpad/keypad overlay that may or may not have printed
text or surface key texturing associated with its

construction;
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FIG. 106 illustrates a top perspective view and top
perspective front/side sectional views of a trackpad/keypad
overlay that incorporates edge indentations around

buttons/keys;

FIG. 107 illustrates a top perspective view and top
perspective front/side sectional views of a trackpad/keypad

overlay that incorporates edge ridges around buttons/keys;

FIG. 108 illustrates a top perspective view and top
perspective front/side sectional views of a raised

key/button trackpad/keypad overlay;

FIG. 109 illustrates a top perspective view and top
perspective front/side sectional views of a

depressed/lowered key/button trackpad/keypad overlay;

FIG. 110 illustrates a top perspective view and top
perspective front/side sectional views of a
depressed/lowered key/button trackpad/keypad overlay with

raised bump indicia;

FIG. 111 illustrates a top perspective view and top
perspective front/side sectional views of a domed key/button

trackpad/keypad overlay;

FIG. 112 illustrates a top perspective view and top
perspective front/side sectional views of a domed key/button

trackpad/keypad overlay with key caps;:

FIG. 113 illustrates top front right and top rear left
perspective views of an exemplary TPO key structure

incorporating modular construction features;

FIG. 114 illustrates bottom front right and bottom rear
left perspective views of an exemplary TPO key structure

incorporating modular construction features;
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FIG. 115 illustrates top and bottom views of an
exemplary TPO key structure incorporating modular

construction features;

FIG. 116 illustrates front and side views of an
exemplary TPO key structure incorporating modular

construction features;

FIG. 117 illustrates top front right and top rear left
perspective views of an exemplary assembled TPO keyboard

structure incorporating modular construction features;

FIG. 118 illustrates a top front side sectional
perspective view of an exemplary assembled TPO keyboard

structure incorporating modular construction features;

FIG. 119 dillustrates a top right side sectional
perspective view of an exemplary assembled TPO keyboard

structure incorporating modular construction features;

FIG. 120 4dillustrates a top front side sectional
perspective detail view of an exemplary assembled TPO
keyboard structure incorporating modular construction

features;

FIG. 121 illustrates top and bottom views of an
exemplary TPO key structure incorporating modular
construction features with integrated automatic

identification mechanisms;

FIG. 122 illustrates bottom right front and bottom left
rear perspective views of an exemplary TPO key structure
incorporating modular construction features with integrated

automatic identification mechanisms;

FIG. 123 illustrates a front view of an exemplary TPO
key structure incorporating modular construction features

with integrated automatic identification mechanisms;
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FIG. 124 illustrates a side view of an exemplary TPO
key structure incorporating modular construction features

with integrated automatic identification mechanisms;

FIG. 125 illustrates a bottom view, top right front
perspective view, and bottom right front perspective view an
exemplary assembled TPO keyboard structure incorporating
modular construction features with integrated automatic

identification mechanisms;

FIG. 126 illustrates a top right front perspective view
an exemplary TSA tablet combined with a number of TPO

keyboard structures;

FIG. 127 illustrates a top view an exemplary TSA tablet

combined with a number of TPO keyboard structures; and

FIG. 128 illustrates a flowchart depicting automatic
loading of application software and device drivers
associated with placement of automatically identified TPO

keyboard structures on a TSA.
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DESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY

EMBODIMENTS

While the present invention is susceptible of
embodiment in many different forms, there is shown in the
drawings and will herein be described in detailed preferred
embodiments of the invention with the understanding that the
present disclosure is to be considered as an exemplification
of the principles of the invention and is not intended to
limit the broad aspect of the invention to the embodiment

illustrated.

The numerous innovative teachings of the present
application will be described with particular reference to
the presently preferred embodiment, wherein these innovative
teachings are advantageously applied to the particular
problems of a TACTILE TOUCH SENSOR SYSTEM AND METHOD.
However, it should be understood that this embodiment is
only one example of the many advantageous uses of the
innovative teachings herein. 1In general, statements made in
the gpecification of the ©present application do not
necessarily 1limit any of the wvarious claimed inventions.
Moreover, some statements may apply to some inventive

features but not to others.

T h Sensor Arr TSA) Definition

Within the context of the present invention, the term
“Touch Sensor Array (TSA)” is defined as the interpolating
high-resolution force-sensitive touch sensor (FSTS) systems
as described in the above-referenced patents and patent

applications incorporated by reference in this application.
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TPO Manufacturing Not Limitive

The present invention anticipates a means of producing
TPO overlays 1in many preferred embodiments by injection
molding and/or 3D printing. However, the present invention
also anticipates that TPO overlays may be laser-cut from

blank overlays or stock overlay materials.

TP verlay Tran rency Not Limitiv

An additional type of overlay anticipated by the
present invention is a transparent overlay that retains a
printed sheet of paper. This TPO overlay enables end-users
that do not have access to a 3D printer or laser cutter to
quickly prototype new overlay designs and apply them to the

transparent overlay front or back surface.

TPO Overlay Material Not Limitive

With respect to the manufacture of TPO overlays, it
should be noted that TPO overlays may be made of a squishy
material such as a urethane foam (Rogers Corporation PORON®
brand microcellular urethanes are provided as an example),
silicone foam, neoprene foam, and any regular (non-foamed)
silicone or rubber (including thermoplastic polyurethane

(TPU)) .

Mouse Not Limitive

The term “mouse” when used in the context of a moveable
or non-movable TPO overlay should be given a broad
interpretation to cover any kind of "puck" which might not
even have buttons or a scroll wheel on it. Thus, the term
“mouse” when used herein may literally be an object that the
user moves and which the TSA sensor tracks. Within this
context it is also possible with the present invention for

the TSA to track the rotational orientation of the
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mouse/puck as well as the force distribution (so as to be

able to detect tilting pressure applied to the mouse/puck).

TPO Automatic ldentification Not Limitive

While the discussion herein regarding identification of
TPO overlays concentrates on automatic identification of
these structures, the present invention also anticipates
scenarios in which some types of TPO overlays (such as home-
made 3D printed overlays), allow the user to specify the

overlay ID and/or location on the TSA surface manually.

TSA/TPO Magnetic Coupling Not Limitive

Many embodiments illustrated herein make use of paired
magnets in the TSA and TPO structures to provide a
mechanical coupling mechanism between the TSA and TPO. In
some embodiments one of these magnets may be replaced by a
ferromagnetic material (iron, steel, etc.) that is
magnetically coupled to the remaining magnet in the coupled
pair. This would provide, for example, the wuse of a
ferromagnetic TPO or TPO bezel to be mated to magnets within
the TSA or alternatively magnets within the TPO or TPO bezel
to be mated to ferromagnetic material embedded within the
TSA or the periphery of a bezel retaining the TSA. Thus,
the term “magnet” and similar terms when used herein covers

a wide variety of magnetically coupled mating methodologies.

TSA Construction

The TSA as described herein may comprise a pressure-
sensitive surface (PSS) incorporating row-column force

detection and/or row-column force interpolation detection.

Sensor Technologies Application Context

One of the main components of the present invention is
a high-resolution, multi-touch, force-sensitive touch

sensor. This technology is perfectly suited for physical
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augmentation, because unlike other touch technologies, the
touch sensor can be activated with any object that exerts a
force. With a capacitive touch technology, you would only
be able to activate the sensor with conductive objects.
This would make construction of overlays more difficult and
would require special materials for fabrication. Many
optical solutions will also not work, because most solutions
transmit/receive light signals from the side of the sensor.
If you placed an overlay on the sensor, it would potentially
block paths for this light to travel, and you wouldn’t be
able to sense interaction on the overlay itself. A multi-
touch, force-sensitive touch sensor is used in the preferred
embodiment of the present invention. In the rest of the
disclosure, “touch sensor” should be understood to be a

multi-touch, force-sensitive touch sensor.

System Overview (0100)

A general overview of the present invention system is

depicted in the block diagram of FIG. 1 (0100). Here the
tactile touch sensor system (TTS) (0110) comprises a touch
sensor array (TSA) (0111]) as generally described in the

patents and patent applications identified above and
incorporated herein by reference. To this TSA (0111) a TSA
physical overlay (TPO) (0112) is applied. This TPO (0112)
may incorporate a wide variety of physical forms, many of
which are provided by example in the present application and
described further in detail below. The TPO (0112) may be of
a fixed integrated form but also may be of disparate forms

that are mated together to form a customized physical form.

FEach of the TPO (0112) (whether integrated form or
disparate form) may incorporate a TPO identifier (TPI)
(0113) that uniquely identifies the type of TPO (0112) that

constitutes the overlay structure. This TPI (0113) is then
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read by a TPO detector (TPD) (0114) that translates this
information into a binary identification format (BIF). This
BIF is suitable for interpretation by a TTS hardware
computer interface (HCI) (0115) and is subsequently

transmitted to a user computing device (UCD) (0101).

The UCD (0101) loads appropriate software and/or device
drivers from an application software driver (ASD) (0102)
database that are then used to interpret contact/pressure
information retrieved from the TSA (0111) as the user (0103)
interacts with the TPO (0112). Depending on the TPI (0113)
detected by the TPD (0114) and the subseguent software
driver loaded by the UCD (0101]) from the ASD (0102), a
variety of graphical user interfaces (GUI) (0104) may be
presented to the user (0101).

Method Overview (0200)

A general overview of the present invention method is
depicted in the flowchart of FIG. 2 (0200). This tactile

touch sensor (TTS) method comprises the following steps:

(1) Encoding a TPI overlay identification within a
touch sensor physical overlay (TPO) to uniquely

identify the function of the TPO (0201);

(2) Applying the TPO to the surface of a touch sensor
array (TSA) (0202);

(3) Reading the TPI with a TPO detector (0203);

(4) Interrogating the TPI using TTS hardware computer
interface (HCS) wusing a user computing device

(UCD) (0204) ;

(5) Loading an application software driver (ASD) on

said UCD based on the TPI read by said TPD (0205);
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(6) Presenting a software application / interface to a

user based on the TSI read by the TPD (0206);

(7) Interpreting inputs from the TSA inputs through
the HCI based on the TSI read by the TPD (0207);

and

(8) Proceeding to step (6) 1if the TSO has not been
modified or replaced and proceeding to step (2) if
the TPD has detected a change in the TPO applied
to the TSA.

This general method may be modified heavily depending
on a number of factors, with rearrangement and/or
addition/deletion of steps anticipated by the scope of the
present invention. Integration of this and other preferred
exemplary embodiment methods in conjunction with a wvariety
of preferred exemplary embodiment systems described herein
is anticipated by the overall scope of the present

invention.

System Detail (0300)

A detail overview of the present invention system is
depicted in the flowchart of FIG. 3 (0300). The touch
sensor array detector (TSA) (0301) forms the basis for
collection of pressure sensor information from a pressure
sensitive surface and is described in the referenced patent
documents included by reference. The user (0302) interacts
with a graphical user interface (0303) which is associated
with a physical TSA pressure overlay (TPO) (0304) that 1is
detected and identified with a TPO detector (TPD) (0305). A
database of contact/event mappings (0306) is then used to
associated software functions with the raw touch sensor data
(0307) received from the TSA (0301). The raw touch sensor

data (0307) is then interpreted by a contact location
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extraction process (0308) as configured by a contact/event
mapping and event generator (0309) that has been configured
by the automatic TPD detection (0305) of the TPO (0304).
Events generated by the event generator (0309) are then
transformed by a USB/BLUETOOTH® composite software interface
(0310) into appropriate protocols (MIDI protocol (0311),
serial protocol (0312), HID mouse protocol (0313), HID
keyboard protocol (0314), HID digitizer protocol (0315), HID
joystick protocol (0316), etc.) and delivered to a
USB/BLUETOOTH® host (0320) for interpretation by the
appropriate software driver ((0321), (0323) (0325)) and
associated software application ((0322), (0324), (0326)).

One advantage of this system is the ability to
automatically identify (0305) a particular TPO overlay
(0304) and load appropriate software drivers/applications

(0309) based on this identification process.

Software Interface

It is important to note that physical touch sensor
augmentation requires a software component to enable an
effective user interface. There must be software that is
aware of what TPO overlay is on top of the TSA touch sensor,
so that touch data can be translated into functionality as
indicated by the overlay. For instance, if a piano keyboard
overlay 1s placed on a sensor, the user must also have
software enabled that is translating touches into piano key
presses. The application software can generate audio
directly or can send key press events to other software

using a standard format such as MIDI.

It is also important to keep the overlay “in sync” with
the software. If you replace the previously mentioned piano

keyboard overlay with a drum pad and the piano software is
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still running, the drum pad will have very unexpected
results (playing the drum pads would activate keys in the
piano software). This invention disclosure teaches several
methods for keeping the software “in sync” with the overlay.

These methods will be described in a later section.

Method Detail (0400)

A detail overview of the present invention method is
depicted in the flowchart of FIG. 4 (0400). This tactile

touch sensor (TTS) method comprises the following steps:

(1) Reading touch sensor data from a TSA touch sensor
(0401) ;

(2) Extracting contact locations from the touch sensor
data (0402);

(3) Configuring contact/event mapping based on the

detected contact locations (0403);

(4) Generating events based on the detected contact

locations (0404) ;

(5) Sending event data through a specified API

interface to an associated software application

(0405); and

(6) Looping to step (1) to read additions touch sensor
data (0406).

FIG. 4 (0400) - FIG. 7 (0700) depict how the system

software reads touch data and eventually determines if a
particular touch has activated a region of interest on an
overlay. FIG. 4 (0400) provides an overview of system
operation. FIG. 5 (0500) details the configuration of
contact/event mapping. FIG. 6 (0600) details the generation

of events based on contact locations.
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The overlay in this example is provided in FIG. 7
(0700) and has two regions of interests, or two “features”.
The underlying software is made to run with this particular
overlay, so it also knows where these two features are on
the touch sensor. When a finger touches the TPO overlay,
force is transmitted through the flexible overlay to the
underlying force-sensitive touch sensor. This generates a
force response the sensor sees for this particular touch.
The sensor can use this response to calculate a contact
position. The software uses its knowledge of the two
features to determine if this touch lies within one of these
regions. In this case, the software detects that the
features on the left has been activated. The software can
then trigger an event associated with the activation of the

left feature.

Configure Contact/Event Mapping Method Detail (0500

A detail overview of the present invention
contact/event configuration mapping method is depicted in
the flowchart of FIG. 5 (0500). This tactile touch sensor

(TTS) method comprises the following steps:

(1) Determining if a TPO overlay 1is detected and if

so, proceeding to step (3) (0501);

(2) Loading a default contact/event map and proceeding

to step (4) (0502);

(3) Loading a contact/event map associated with the

TPO overlay (0503);

(4) Determining if the user is manually defining a
contact/event map via the GUI and 1if not,

proceeding to step (6) (0504);

(5) Adjusting the loaded contact/event map per user

specification from the GUI (0505);
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(6) Saving the contact/event map (0506); and

(7) Returning to the calling procedure (0507).

This general method may be modified heavily depending on a
number of factors, with rearrangement and/or
addition/deletion of steps anticipated by the scope of the

present invention.

Generate Events on Contact Locations Method (0600)

A detail overview of the present invention contact
locations event generation method is depicted in the
flowchart of FIG. 6 (0600). This tactile touch sensor (TTS)

method comprises the following steps:

(1) Examining a contact location (0601);

(2) Examining an “active region” in the contact/event
map (0602) ;

(3) Determining if the contact locations reside within

the “active region” in the contact event/map, and

if so, proceeding to step (6) (0603);

(4) Determining if there are additional “active
regions” in the contact event map to be inspected,

and if not, proceeding to step (7) (0604);

(5) Repeating steps (2)-(4) for all “active regions”
in the contact event/map (proceed to step (2))

(0605) ;

(6) Generating an event that 1s specified by the
currently active region per the contact/event

mapping (0606) ;

(7) Determining if there are any more contacts to
examine, and if not, proceeding to step (9)
(0607) ;
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(8) Repeating steps (1)-(8) for all contacts detected
(proceed to step (1)) (0608); and

(9) Returning to the calling procedure (0609).

This general method may be modified heavily depending on a
number of factors, with rearrangement and/or
addition/deletion of steps anticipated by the scope of the

present invention.

Generating Events on Contact Locations (0700)

An example of how events are generated based on contact
locations is depicted in the diagram of FIG. 7 (0700). Here
two active areas (1 and 2) are depicted and corresponding
active area contact/event mapping is detailed. This diagram
provides an example framework by which the procedures in

FIG. 4 (0400) - FIG. 6 (0600) may operate.

TSA/TPO Magnet Placement Techniques (0800

Various methods by which magnets may be incorporated in
TSA/TPO structures are generally depicted in the diagram of
FIG. 8 (0800). Here a generic TSA/TPO structure (0810) 1is
presented for illustrative purposes that combines a number
of anticipated magnet placement techniques. Within this
generic sampling context, the magnets may be placed/embedded
internally (0811]) within the TSA/TPO structure (0810),
positioned through the entire structure (0812), placed flush
to a surface of the structure (0813), or protruding from the
surface of the structure (0814). 1In any of these situations
the magnets may be placed inside the overlay during an
injection molding process or glued in/inserted after the
injection molding process 1s complete. In any of these
situations the magnet may be configured in any physical form
and placed when the TSA/TPO membrane (0810) is injected

molded or in some circumstances inserted after the injection
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molding process is completed. For those situations in which
the magnets are inserted after injection molding, it may be
possible to fabricate the TSA/TPO with a magnet cavity
having an external surface peripheral edge diameter slightly
smaller than the magnet so as to capture the magnet when

inserted into the magnet cavity.

Additionally, the use of flexible magnetic strips that
are flush (0815) to the surface of the TSA/TPO (0810) and/or
protruding (0816) from the surface of the TSA/TPO (0810) are
also anticipated in these scenarios. As generally depicted,
any of the magnetic structures depicted may be positioned as
protruding (0817) or flush (0818, 0819) with the TSA/TPO
(0810) surface.

Magnetometer TPO Identification (0900)-(1200)

The present invention may implement identification of

the TPO by magnetometer sensors as generally depicted in
FIG. 9 (0900) - FIG. 12 (1200). FIG. 9 (0900) depicts a
typical hardware interface used within the TSA structure to
individually detect magnets that are placed within the TPO
for identification purposes. FIG. 10 (1000) illustrates a
typical TSA/TPO pair in which magnetometers in the TSA are
matched with corresponding embedded magnet positions in the
TPO to provide a decoded TPO overlay identification. The
magnetometers may also be used to detect the presence of the
TPO overlay as generally depicted in FIG. 11 (1100) where
magnetometers in the TSA are activated on the presence of

detected magnets in the corresponding TPO locations.

A general method for the automatic magnetic detection
of TPO overlays is generally depicted in FIG. 12 (1200) and

involves the following steps:

(1) Scanning magnetometers in the TSA (1201);
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(2) Determining if any magnets were detected, and if

not, proceeding to step (7) (1202);

(3) Waiting a predetermined amount of time to allow

settling of the TPO overlay (1203);
(4) Scanning the magnetometers in the TSA (1204);

(5) Determining if the number of detected magnets in
the TPO has changed, and if so, proceeding to step
(3) (1205);

(6) Reporting a TPO overlay ID as decoded by the
magnetometers in the TSA and proceeding to step

(8) (1206);
(7) Reporting no TPO overlays detected (1207); and

(8) Returning to the calling procedure (1208).

This general method may be modified heavily depending on a
number of factors, with rearrangement and/or
addition/deletion of steps anticipated by the scope of the

present invention.

RFID TPO Identification (1300)-(1600)

The present invention may implement identification of
the TPO by radio frequency identification (RFID) tag/sensors
as generally depicted in FIG. 13 (1300) - FIG. 16 (1600).
FIG. 13 (1300) how a RFID antenna in the TSA may be mated
with a corresponding RFID tag in the TPO to allow
identification and presence detection of the TPO by the TSA.
FIG. 14 (1400) depicts how an array of RFID antennas within
the TSA may be used to locate the position of a number of
TPO structures on the TSA surface via the use of RFID tags
within the wvarious TPO structures. FIG. 15 (1500) depicts

how horizontal/vertical antennas may be placed within the
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TSA and TPO to provide for TPO detection and communication

between these two structures.

A general method for the automatic RFID detection of
TPO overlays 1s generally depicted in FIG. 16 (1600) and

involves the following steps:
(1) Scanning a single RFID coil in the TSA (1601);

(2) Determining if any RFIDs were detected, and if

not, proceeding to step (4) (1602);

(3) Reporting a TPO overlay ID as read from the RFID
(1603) ;

(4) Repeating steps (1)-(3) for all remaining RFID
coils in the TSA (proceed to step (1) (1604); and

(5) Returning to the calling procedure (1605).

This general method may be modified heavily depending on a
number of factors, with rearrangement and/or
addition/deletion of steps anticipated by the scope of the

present invention.

TSA Tablet Interface (TTI) (1700)-(2400

The present invention may implement the described
tactile touch sensor system/method using a touch sensitive
array (TSA) tablet interface (TTI) as generally depicted in
FIG. 17 (1700) - FIG. 24 (2400). This TTI provides the
foundation on which many preferred invention embodiments may
be constructed. A wide variety of TPO overlays as described
below may be attached to the TTI active TSA pressure
sensitive surface and communicate with the TSA electronics
and remote host computers using a variety of wired and

wireless communication protocols.

The tabled illustrated in these figures can be

constructed with any type of perimeter form. Additionally
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while a set number of keys are depicted in the diagrams that
follow, the present invention may incorporate any number of
keys in based on application context. Keys represented in
the figures may incorporate embossed indicia (via an
embossing manufacturing process), but this 1is not a

limitation of the present invention.

Exemplary 3D Overlays (2500)-(4000

TPO overlays may be constructed so they are three-
dimensional. This can be achieved by molding or 3D-printing
a flexible material into a three-dimensional overlay. For a
piano, an overlay could be created such that the black keys
are taller than the white keys. The overlay could also have
gaps 1in between the keys, so that a user can feel where
piano keys start/end. This type of overlay provides both
visual and tactile feedback to the user. FIG. 25 (2500) -
FIG. 40 (4000) shows cross-sections of various features that
can be added to an overlay when using a three-dimensional
overlay manufacturing process. It should be noted that a
wide wvariety of overall TPO thicknesses are possible using
these construction techniques and several of these variants
are provided in the example embodiments depicted in FIG. 25

(2500) - FIG. 40 (4000).

TPO Fir neric K Interf. 2 -(2

The present invention may implement the described
tactile touch sensor system/method in a first generic keypad
form as generally depicted in FIG. 25 (2500) - FIG. 26
(2600) . This example represents a typical custom keypad

interface layout.

TPO Second Generic Keypad Interface (2700)-(2800)

The present invention may implement the described

tactile touch sensor system/method 1in a second generic
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keypad interface form as generally depicted in FIG. 27
(2700) - FIG. 28 (2800).

TPO Thir neric K Interf 2 -

The present invention may implement the described
tactile touch sensor system/method in a third generic keypad
interface form as generally depicted in FIG. 29 (2900) -
FIG. 30 (3000).

TPO First Keyboard Interface (3100)-(3200)

The present invention may implement the described
tactile touch sensor system/method in a first keyboard form
as generally depicted in FIG. 31 (3100) - FIG. 32 (3200).
These figures depict a flat overlay physically augmenting a
force-sensitive touch sensor. In this case, the overlay is
a flat piece of flexible material. This overlay has a
QWERTY kevyboard printed on it to provide visual feedback to

the user.

TP nd K rd Interf -(34

The present invention may implement the described
tactile touch sensor system/method in a second keyboard form
as generally depicted in FIG. 33 (3300) - FIG. 34 (3400).
Since the TPO overlays may be substituted at will, the
characters on the keyboard face may be replaced depending on

the language desired by the user.

TPO Third Keyboard Interface (3500)-(3600)

The present invention may implement the described
tactile touch sensor system/method in a third keyboard form
as generally depicted in FIG. 35 (3500) - FIG. 36 (3600).
This embodiment uses thicker key forms than the previous
embodiments and illustrates how the “feel” of the keyboard

may be modified based on the TPO overlay selected. Thus, a
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single TSA tablet may support a large number of “feelg” for

user ergonomics.

TPO First Piano Keyboard Interface (3700)-(3800)

The present invention may implement the described

tactile touch sensor system/method in a first piano keyboard
form as generally depicted in FIG. 37 (3700) - FIG. 38
(3800) . This is Jjust an example of a large number of
musical keyboards and musical sampler player keyboards that

may be formed as TPO overlays for the TSA tablet interface.

TPO Second Keyboard Interface (3900)-(4000)

The present invention may implement the described
tactile touch sensor system/method in a second piano
keyboard form as generally depicted in FIG. 39 (3900) - FIG.
40 (4000). Here the key relief is higher than in the
previous version and illustrates how the TPO overlay may be
configured in a wide variety of forms to suit the ergonomics

of musicians.

Programmable Deformable Membranes (4100)-(4300)

The TPO structure described herein may be constructed
using a programmable deformable membrane as generally
depicted in FIG. 41 (4100) - FIG. 43 (4300). These figures
depict <cross-sections of three different programmable,
deformable membranes. In addition to molded and mechanical
overlays, one can also use programmable, deformable
membranes for physical touch sensor augmentation. These
membranes can be constructed by embedding elements in a
flexible overlay that deform when activated, leading to

deformation of the overlay itself.

Programmable membranes become very powerful if the
system has programmatic control over which deforming

elements are active at any given time, the application
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software can dynamically control the appearance and tactile
layout of the overlay. This removes the need to actually
swap out various overlays in the system. It is possible to
have a single programmable membrane that takes on wvarious
shapes and provides the user with different interfaces. For
this solution, the membrane can be laminated directly on the

touch sensor surface.

Piezo Deformation (41

FIG. 41 (4100) depicts piezo or polymer-based deforming
elements embedded into a flexible overlay. When a wvoltage
is applied to the deforming elements, the embedded
piezo/polymer elements deform. This deformation causes the
TPO overlay surface to deform. Deforming elements can be
constructed using piezo elements and/or polymers that deform

as voltage is applied to them.

Nir/Eluid/V. Def ior1 (4200)

Another way to build deforming elements is to embed
pockets of air or ligquid into the overlay. These pockets
are hooked up to a pressurized pumping system that can
control the amount of air/liquid in these pockets. As
air/liquid is pumped into these pockets, the overlay will
expand. As air/liquid is released from these pockets, the

overlay will contract.

FIG. 42 (4200) depicts a deformable membrane system
where fluid or gas is pumped into pockets which are embedded
in the membrane. The amount of fluid/gas pumped in or out
of these pockets determines how much the TPO overlay surface

deforms.

Heat Deformation (4300)

A final method for achieving this effect is to embed

heat-sensitive elements that deform when exposed to
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heat/cold. Heating elements can be built into the overlay

in order to activate these deforming elements.

FIG. 43 (4300) depicts a deformable membrane that uses
deforming elements that are activated by heat. Heating
elements are placed near the deforming elements, and current
is run through the heating elements. This causes the
heating elements to warm up, which causes the deforming

elements to expand, which deforms the membrane.

TPO Light Piping (4400)-(4500

One way to improve the usability of overlays in a dark
setting is to illuminate the overlay. For this approach,
side-mounted LEDs can be placed around the bezel of the
touch sensor. A TPO overlay can be designed such that it
functions as a light-guide for these side-illuminating LEDs.
Each overlay can tightly control where light travels within
the overlay, and also which areas of the overlay appear
illuminated or dark. This improves visual feedback to the
user, as each overlay can use this light-guide technique to

highlight specific functions presented by the overlay.

The TPO structure described herein may incorporate
light piping as generally depicted in FIG. 44 (4400) - FIG.
45  (4500). As seen by these diagrams, lighting of
particular portions of the TPO supplied by the TSA tablet
structure is provided by side LEDs and optical light piping
within the TPO structure.

These figures show how an overlay can be used as a
light guide to increase visibility of the overlay in various
environments. Side-mount LEDs can be mounted around the
edge of the touch sensor and can shine into an overlay that
is placed on top of the touch sensor. Light injected from
the side of the overlay can diffuse and exit out of

designated areas. As can be seen from the drawings, some
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areas allow 1light to pass through and exit the overlay
(these areas will appear illuminated), where other sections
are designed to keep light inside the overlay (these areas
will appear dark). Different LEDs can be used to illuminate

different sets of TPO structures.

Active TPO Energy Harvesting (4600)-(4700)

So far, overlays have been described as purely passive

and unpowered. However, more sophisticated overlays can be
created if the overlay can receive power from the sensor.
This is made possible by inductively powering the overlays
that are placed on the sensor. Depending on the amount of
power transferred, these overlays can have powered LEDs,
segment-displays, or even play audio through small speakers.
These overlays could even have small microcontrollers which
are capable of talking over BLUETOOTH® or BLE to the

application software directly.

The modular overlay may contain an inductive coil,
capable of receiving power from an inductive charger. Touch
sensors that are transparent to magnetic fields can be
fitted with inductive charging coils to support

charging/powering these modular overlays.

The TPO structures described herein may implement
energy harvesting as generally depicted in FIG. 46 (4600) -
FIG. 47 (4700). As seen by these diagrams, collection of
energy from the environment and the TSA tablet may permit
electronics within the TPO to perform a variety of functions
in conjunction with activation of pressure to the TSA

surface.

Exemplary T TPO Inteqgration (4

So far, overlays have been described as monolithic

entities, covering the entirety of the touch sensor.
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However, it is equally beneficial to build smaller overlays
that can be placed in different areas of the sensor. If the
bottom of the touch sensor is layered with a ferromagnetic
material, the magnetic attachment method can be used to
mount each overlay reliably to the sensor. If a force-
profile, RFID, optical, capacitive, inductive, or resistive
identification scheme is implemented, the wvarious overlays
can be identified and tracked across the sensor. This 1is
important so that the software can automatically configure
itself to translate touch data into overlay-dependent
functional output. With this modular overlay approach, one
can mix and match flat, 3D, mechanical, and deformable
overlays to create new, custom interfaces. These modular
overlays are described in more detail in FIG. 65 (6500) -

FIG. 128 (12800).

An example of a TSA tablet interfaced with a variety of
modular TPO structures as described herein 1is generally
depicted in FIG. 48 (4800). The surface of the TSA tablet
has been reduced in scale for this illustration but may in
some applications be quite 1large, and include surfaces
having many square feet of surface area. As depicted, the
TPO structures may be aligned in any orientation on the
surface and in some applications with a number of disparate
individuals operating the TPO structures, the TPO structures
may be aligned to for a proper orientation to each

individual cooperating on a singular large TSA tablet.

T TPO A hment Mechanisms (4 -

The TPO structure described herein may be attached to
the TSA using a variety of techniques as generally depicted
in FIG. 49 (4900) - FIG. 56 (5600). There are many
different ways to couple an overlay with a touch sensor.

The simplest method is to simply place the overlay on top of
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the sensor. However, this method is not very reliable as
the overlay is free to move around. The following sections

describe better methods for attaching sensor overlays.

TPQ Peripheral E Insertion into TPA (4 -

A touch sensor housing can be constructed so that its
bezel is rigid but has enough overhang to hold an overlay in
place. FIG. 49 (4900) - FIG. 50 (5000) shows how an overlay
can be integrated into such a design. As generally depicted
in FIG. 49 (4900) - FIG. 50 (5000), the TPO (4910) may be
flexed to allow peripheral edge insertion into the bezel
covering the TSA (4920). This 1insertion sequence 1is
detailed in FIG. 50 (5000) wherein the TPO (5010) edges are
inserted into recesses (5021) in the bezel (5022) covering

the TSA surface.

As discussed above, a bezel can be designed to hold an
overlay without hinges or magnets. This configuration may
incorporate a rigid bezel designed to have an overhang
capable of holding a flexible overlay. In this
configuration, an overlay can be folded and slid into the
housing such that the overlay edges fall beneath the bezel
overhang. This configuration works for flexible overlays,

but not for rigid overlays.

TPO Side E Insertion into TPA (5100)-(52

A touch sensor housing can be constructed so that its
bezel is rigid but has enough overhang to hold an overlay in
place. FIG. 51 (5100) - FIG. 52 (5200) shows how an overlay
can be integrated into such a design. As generally depicted
in FIG. 51 (5100) - FIG. 52 (5200), the TPO (5110) may be
configured to permit side edge insertion into the bezel
covering the TSA (5120). Within this TPO attachment
embodiment as detailed in FIG. 52 (5200) the TSA bezel may
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be configured have closed ends (5222) or to be open ended
(5223) . While the depiction in FIG. 51 (5100) depicts a
closed-ended bezel (5222) configuration, the open-ended
bezel (5223) configuration may be substituted with no loss
of invention scope. Depending on the embossed key height of
the TPO (5110), the choice of the bezel type will be
application specific and in some circumstances the bezel may

be mated with the TPO as separate or unitary structures.

FIG. 51 (5100) - FIG. 52 (5200) shows an attachment
solution that works for both flexible and rigid overlays.
This touch sensor housing has a rigid bezel on three sides.
This allows a sensor to be slid into the Thousing.
Optionally, a bezel can be snapped into place to secure the
overlay on the side from which it was inserted into the
housing. Details of this snap attachment feature are not
shown but one skilled in the art will recognize that many
plastic snap attachment methodologies are compatible with

this embodiment teaching.

IPQ Magnetic Bezel Attachment to TPA (5300)-(5400)

It is also possible to attach an overlay to a touch
sensor with magnets. These magnets can be placed in the
bezel of a device to help with sensor/overlay alignment. A
touch sensor housing can also be constructed so that the
bezel completely detaches from the housing. This is similar
to the hinged frame approach, except that both sides detach.
With a drop-in frame, the bezel can either snap into the
sensor housing or connect via magnets to the top of the

overlay.

As generally depicted in FIG. 53 (5300) - FIG. 54
(5400), the TPO (5310) may be configured to permit
attachment to the TSA (5320) using a TPO magnetic retention
bezel (5330). These figures show how a drop-in frame (5330)
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can be used to secure an overlay to a touch sensor. A drop-
in frame may use either magnets or plastic snaps/indents in
order to securely couple to the sensor housing. A TPO
overlay can be placed on top of the touch sensor, and the
drop-in frame will come down on top of the overlay to secure

it to the touch sensor.

Magnets (5321) contained within the TSA (5320) mate
with corresponding magnets (5431) within the magnetic TPO
retention bezel (5430). The TPO (5310, 5410) depicted in
these drawings is designed to be retained at the edges by

the TPO magnetic retention bezel (5330, 5430).

TPO Aftachmen ing Thru-Hole Magn -

As generally depicted in an alternate embodiment
depicted in FIG. 55 (5500) - FIG. 56 (5600), other wvariants
of this construction technigue may incorporate holes (5511)
in the TPO (5510, 5610) corresponding to TSA (5520, 5620)
magnets (5521) and magnets (5531) in the TPO magnetic
retention bezel (5530, 5630) such that retention of the TPO
(5510, 5610) is accomplished by the magnets (5521, 5531) at
the corners of the TPO (5510, 5610) and TPO magnetic
retention bezel (5530, 5630). This wvariant requires a
larger footprint for the TPO (5510, 5610) that allows
overlap of the magnets (5521, 5531) at the corners of the
TPO (5510, b5610), TsSA (5520, 5620), and TPO magnetic
retention bezel (5530, 5630).

IPO Hinged Bezel Attachment fo TPA (5500)-(5600)

A touch sensor housing can be constructed so that an
area of the bezel opens up on hinges. An overlay can be
placed on the touch sensor, and the bezel can be closed back
down, securing the overlay to the underlying sensor. As

generally depicted in FIG. 55 (5500) - FIG. 56 (5600), the
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TPO (5510) may be configured to permit attachment to the TSA
(5520) using a TPO hinged retention bezel (5530). Hinges
(5621) contained within the TSA assembly (5620) mate with
corresponding hinge elements (5631) within the TPO retention
bezel (5630). As with previously described embodiments, the
TPO retention bezel (5630) may be secured to the TSA
assembly (5620) using magnets that may be placed at one or
more of the assembly corners as depicted. Some alternate
embodiments may utilize a latching mechanism on the front of
the TSA assembly (5620) to secure the TPO retention bezel
(5630) .

FIG. 55 (5500) - FIG. 56 (5600) show how a hinged frame
can be used to secure an overlay to a touch sensor. To
install an overlay, one gsimply opens up the frame, lays a
new overlay on top of the touch sensor, and close the frame.
The overlay will extend underneath the hinged frame so it
will be securely held against the touch sensor. The hinged
frame may be secured on one side via hinges and can be
secured on the other side with magnets. Note that the touch
sensor is integrated into this housing and is not removable
(only the overlay is removable). The hinged frame may be
secured with a hook/catch system instead of magnets.
Springs can be used to pop open the hinged frame when the
hook is slid open. With this construction, the hinges may

also be replaced with tabs to create a removable frame.

TPO Identification Mechanisms (5700)-(6400)
Qverview
As mentioned previously in the SOFTWARE section, it is
important to keep application software “in sync” with the
TPO overlay that is currently on top of the TSA sensor. If
software is mismatched with the overlay, the overlay will

not function as the user expects. It can be a difficult
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task to constantly make sure that the application software
is matched with the current overlay. One way to solve this
problem is to build a system where the software can check to
see which overlay is currently on the touch sensor. Methods
for achieving this functionality are described in the

following sections.

FIG. 57 (5700) - FIG. 04 (6400) show how an overlay can
be constructed so that the sensor can detect which overlay
is presently placed on top of the sensor. A dot pattern
being used with the force profile overlay identification
method. An overlay with an embedded RFID tag may also be
used. As described earlier, the touch sensor can be
constructed with an RFID reader capable of reading an 1ID
from this tag. Also, an RFID tag can be replaced with an
antenna and generic microcontroller that 1is programmed to
modulate the electromagnetic waves sent from the RFID
reader. The microcontroller can receive power from the RFID
reader and respond to ID requests. Optical identification
of the TPO 1is wusing a barcode and/or QR code 1is also
anticipated. A conductive pattern may also be used for
identification using capacitance, conductance, or inductance
measurement. It should be noted that the optical and
capacitive identification markers can be placed on either
side of the overlay. These marks could also be placed on
the edge of the overlay as well. The marker position
depends on how the ID sense electronics are positioned

within the sensor housing.

The TPO structure in many  preferred invention
embodiments may incorporate some form of unigue
identification mechanism as generally depicted in FIG. 57
(5700) - FIG. 64 (6400). These TPO unique identifiers (TPI)
permit software controlling the TSS to automatically

reconfigure operation when a given TPO is applied to the
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surface of the TSA. A variety of TPI identification
methodologies are anticipated by the present invention and

will now be discussed.

Exemplary TPQ/TSA Assembly (57

FIG. 57 (5700) illustrates an exemplary TPO (5710) that
has been configured to mate with a TSA tablet (5720). This
exemplary TSA+TPO configuration will be used as the baseline
example for the wvarious TPO identification methodologies

described below.

Embedded TPO Magnets (5800)

FIG. 58 (5800) illustrates the use of embedded magnets
in the TPO to uniquely identify the TPO when placed on the
TSA. Here the magnets may be positioned within the TPO to
mate to corresponding magnets embedded in the TSA (not
shown) . This allows the TPO structure to be positively
mated to the TSA surface allowing registration alignment of
the TPO and the TSA surface. This figure shows how magnets
can be embedded in an overlay itself. If the touch sensor
housing has complementary magnets in the same positions, the

overlay can be directly attached to the top of the sensor.

FIG. 59 (5900) illustrates a TPO structure (5910)
incorporating TPO positioning magnet locations (5911) as
described above and also incorporating a number of TPI
identification magnet locations (5912) which may Dbe
populated with magnets that are detected by corresponding
magnetometers (e.g., Hall effect sensors or eqguivalent
detectors) within the TSA. By selectively populating the
TPI identification magnet locations (5912), the TSA
magnetometers may identify a bit stream that is unique to

the particular TPO and thus load appropriate software
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drivers and application software to process information
received from the depression pressures sensed by the TSA.
This identification mechanism can also be utilized without
the use of magnetometers by embedding corresponding magnets
for each of the TPI identification magnet locations (5912)
within the TSA and measuring the pressures detected at each
TPI location. TPI positions that do not have magnets
installed will register 1little or no detected pressure
whereas TPI locations in the TPO that have magnets installed
will detect a measureable increase in TSA pressure that can
be converted to a corresponding TPI identification Dbit

stream.

Raised TPO P ndicia (Force-Profile [dentification) (6000)

Since the overlays are placed against a force-sensitive
touch sensor, it is possible to modify an overlay so that it
exerts a unique force profile against the sensor. It is
possible to form this force profile so that it is unique,
which will allow the software to distinguish different
overlays from each other. FIG. 60 (6000) shows one way to
achieve this by placing small protrusions on the bottom side
of the overlay. These protrusions will push into the touch
sensor, creating a detectable force profile pattern. A
scheme can be generated where all overlays have a designated
region of the sensor where these protrusions are present.
If this is the case, one can use a binary encoding to assign
a unique ID to each overlay. The presence of a protrusion
can map to a “1” and the absence of a protrusion can be a
“0.” This binary scheme can be decoded into an overlay ID.
When a new overlay is placed on the sensor, the sensor can
read the ID of the new overlay, and intelligently load the
correct software that matches the functionality presented in

the overlay.
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As an example, FIG. 60 (6000) illustrates a TPO
structure (6010) incorporating TPO ©positioning magnet
locations (6011) as described above and also incorporating a
number of raised TPI identification indicia locations (6012)
which may incorporate a variety of shapes that are raised
above the plane of the TPO and which exert a defined
pressure profile on the surface of the TSA. By providing
the correct shape and/or position at the TPI identification
indicia locations (6012), the TSA can inspect this area of
the pressure-sensitive surface and determine the
identification of the TPO (6010) by wvirtue of the unigue
pressure profiles presented above the back surface plane of
the TPO (6010). Note here that the pressure profile shape
and/or position of the TPI identification indicia locations
(6012) may be used in this identification process. Thus a
particular shape may uniquely identify the TPO and/or a
binary encoding of data from the pressure profile may be
used to accomplish this identification. It should be noted
that this technique of identification by the use pressure
profile perimeter information can also be used with the

magnetic approach detailed in FIG. 59 (5900).

Further examples of the wuse of pressure indicia
identification for TPO structures is depicted in more detail
in FIG. 121 (12100) - FGI. 125 (12500) with a corresponding
method identification provided in the flowchart of FIG. 128
(12800) .

Tactile Bar Identification (6100)—(62
FIG. 61 (6100) - FIG. 62 (6200) illustrate the use of a
tactile bar code (6112) to identify the TPO (6110). This

pressure-sensitive approach is similar to that described in
FIG. 60 (6000) and optionally incorporates registration
magnets (6111) with the exception that the tactile bar code
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(6112) typically contains sufficient internal registration
information such that it can be placed on any position on
the TPO and still be properly recognized by the TSA without
the need for registration magnets (6111) . In some
circumstances the TPO recognition process may be enhanced by
“swiping” the TPO to press the bar code onto the surface of
the TSA and thus affect identification of the bar code by
the TSA scanning logic. Also depicted in FIG. 61 (6100) is
the use of a raised-texture quick response (QR) code (6113)
that may also be wused 1in a similar fashion as the
illustrated Dbar code to provide TPO identification
information and possibly source information for application

software and/or drivers for the TPO configuration.

Alternatively, optical solutions can be employed to
identify overlays that are lying on top of the sensor. For
instance, barcodes or QR codes may be placed on the bottom
side of TPO overlays (FIG. 61 (6100) - FIG. 62 (6200)). The
TSA force sensor may be equipped have a barcode scanner /
camera that reads the unique bar/QR code and determines what
particular TPO overlay is on top of the sensor. It is also
possible to use a mounted camera looking down on the TSA

sensor to identify different overlays.

TPO RFID Identification (6300)

Another way to identify which overlay is on top of the
sensor is to embed an RFID tag into each overlay. As long
as the touch sensor is transparent to magnetic fields, an
RFID antenna can be placed directly underneath the touch
sensor. This antenna can be connected to electronics
capable of reading the RFID tag in the overlay. For molded
overlays, an RFID tag can be embedded into the mold itself.

For mechanical and deformable overlays, the RFID tag can be
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placed on the bottom of the overlay. Care must be taken so
that the RFID layer continues to allow the transmission of

forces to the underlying touch sensor.

FIG. 63 (6300) illustrates a TPO (6310) incorporating a
RFID (6312) embedded within the TPO (6310) that may
passively communicate the identification of the TPO (6310)
to a corresponding RFID communication interface present
within the TSA. One skilled in the art will recognize that
the form factor of the RFID (6312) may vary widely based on
application context and choice of particular RFID
technology. The RFID (6312) may be a separate component as
illustrated or 1in some preferred embodiments it may be
incorporated within the internal construction of the TPO

(6310) .

FIG. ©4 (6400) illustrates a TPO (6410) mated with a
TSA (6420) wherein the TPO identification occurs as a result
of shorting bars (6412) present in the TPO (6410) that mate
with corresponding switch contacts (6422) in the TSA (6420)
surface. Proper placement of shorting bars (6412) on the
TPO (6410) allows a binary code to be interpreted by the TSA
(6420) and identification of the TPO (6410) to occur.

TP itive and/or In ive Identification (64

Additionally, conductive electrodes can be attached,
printed, or embedded into the TPO overlay. An array of
capacitance and/or inductance sensors can be placed along
the edge of the touch sensor. These capacitance and/or
inductance sensors can detect the presence/absences of these
electrodes. Once again, these electrodes can be used as a

binary encoding to distinguish different overlays.
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As an example, other wvariants of the configuration
depicted in FIG. 64 (6400) may use capacitive and/or
inductive coupling differentials between the contacts (6422)
in the TSA (6420) and the corresponding conductive bars

5 (6412) present in the TPO (6410) to detect changes in
capacitance and/or inductance as the TPO (6410) is mated to
the TSA (6420) to identify the encoded TPO identification by
the presence/absence of the conductive bars (6412) present
in the TPO (6410). These changes 1in capacitance and/or

10 inductance may be detected using differentials in conductive

materials on the surface or embedded within the TPO.

Exemplary TPO Detection Hardware

While a number of hardware approaches may be taken to
affect automatic detection of TPO overlays, the following
15 list of exemplary non-exclusive hardware provides typical

interfacing hardware that may be used with many invention

embodiments.
c itive Detecti
e ANALOG DEVICES model AD7147A - CapTouch Programmable
20 Controller for Single-Electrode Capacitance Sensors.

e ATMEL model AT42QT2120 - QTouch 12-channel Touch Sensor
IC.

In ive D ion

e TEXAS INSTRUMENTS model LDC1000 - Inductance-to-Digital

25 Converter.

e TEXAS INSTRUMENTS model LDC1312/1314 - Multi-Channel
12-bit Inductance to Digital Converter (LDC) for

Inductive Sensing.
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Magnetic Detection
e TEXAS INSTRUMENTS model DRV5053 - Analog-Bipolar Hall

Effect Sensor.

e TOSHIBA model TCS20DLR - CMOS Digital 1Integrated
Circuit Silicon Monolithic Digital Output Magnetic

Sensor.

Exemplary TPO Forms

The following discussion details a variety of
anticipated exemplary TPO forms. One gkilled in the art
will no doubt be able to expand on these functional forms to
include a wide variety of structures using the teachings
presented. While the forms presented have been provided
exaggerated horizontal and vertical dimensions for the
purposes of illustrating the concepts herein, these
dimensions and proportions are not limitive of the invention
scope. Many application contexts will incorporate the
functionality of the disclosed TPO structures but in a more
compact form factor to support thin custom console
structures or predefined console interfaces having a thin

portable form factor.

Mechanical Overlays

The previously discussed types of overlays (flat and
3D) both reguire the use of flexible materials in order to
effectively transmit forces from the user to the touch
sensor. There is a way, however, to build an overlay with
rigid materials. This type of overlay is referred to in the
invention disclosure as a mechanical overlay. This type of
overlay can be made of any material, as long as it
effectively translates user input of interest through to the
underlying touch sensor. For instance, an overlay with a

physical button, switch, knob, slider, and joystick could be
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constructed such that interaction with these features
translates to distinguishable input on the touch sensor.
Examples of mechanical TPO overlays are depicted in FIG. 65

(6500) - FIG. 104 (10400) and described in detail below.

FIG. 65 (6500) - FIG. 104 (10400) depict an examples of
mechanical overlays. In these examples, no flexible
materials are used. Instead, mechanical widgets (sliders,

knobs, toggle switches, and buttons) are designed such that
they transmit forces from a user’s input to the underlying
touch sensor. The various views show the mechanical overlay
cross-sections, and depict how slider and a button are
implemented in these embodiments. The slider is constructed
so that the bottom of the sliding element is always in
contact with the touch sensor. This allows the sensor to
continually read a slider position, which is updated when
the user moves the slider back and forth. The button, on
the other hand, does not touch the sensor by default. When
a user presses the button, the touch sensor is able to
detect the button activation by sensing the force exerted by

the traveling button shaft.

These figures show how modular overlays can be created.
These overlays each contain magnets and can be mounted to a
touch sensor that has a ferromagnetic material behind it.
This allows the overlays to be placed anywhere on the touch
sensor. In some circumstances the implementation of a flat,
flexible, modular overlay is anticipated. This overlay can
be used to indicate generic touch input, or could indicate
that a certain region of the sensor is designated for
drawing. In the latter case, the top material of this
overlay could be specially selected to enhance the writing
experience. FIG. 48 (4800) and FIG. 126 (12600) - FIG. 127

(12700) show what a touch sensor might look like when it is
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populated with a variety of different modular overlays.
Since these overlays are magnetic, they can be rearranged in
any way. This allows a user to create custom, powerful, yet

intuitive physical interfaces.

TPO Pushbutton -

The present invention may in some preferred embodiments
be implemented 1in a TPO pushbutton form as generally
depicted in FIG. 65 (6500) - FIG. 68 (6800). This general
type of pushbutton may have a wide wvariety of forms, but as
illustrated incorporates magnets at the four bottom corners
of the device and a spring-loaded pressure contact that

initiates a pressure reading on the TSA.

TPO Rocker Switch (6900)-(7200)

The present invention may in some preferred embodiments
be implemented in a TPO rocker switch form as generally
depicted in FIG. 69 (6900) - FIG. 72 (7200). The embodiment
illustrated provides for four magnets to secure the rocker
switch to the TSA and a two position rocker that articulates
a spring-loaded contactor that provides pressure to the
surface of the TSA. A ball bearing may be incorporated as
shown to reduce the frictional drag associated with the

change in rocker switch position.

TPO Slider (7300)-(7600)

The present invention may in some preferred embodiments
be implemented in a TPO slider form as generally depicted in
FIG. 73 (7300) - FIG. 76 (7600). This slider provides an
analog linear contactor that has one degree of freedom in
movement. This may implement a variety of linear and

digital inputs as interpreted by the TSA pressure sensor.
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TPO Knob (7700)-(8000)

The present invention may in some preferred embodiments

be implemented in a TPO knob form as generally depicted in
FIG. 77 (7700) - FIG. 80 (8000). The TPO knob embodiment
operates in a manner similar to that of the slider with the
exception that a rotating knob indicator is used to provide
radial pressure to the TPA about the rotational axis of the
knob. Spacing foam washers and a retaining fastener provide
the necessary friction to maintain the knob position once
rotated. As with the slider, a spring-actuated contactor
with optional ball bearing contact point provides the TPA

pressure necessary to detect the knob displacement.

The knob as indicated provides for fully linear
circular travel about an axis of rotation. However, it is
possible to incorporate detents in the positioning mechanism
to provide for a rotary switch function as compared to a

traditional potentiometer functionality.

TPO Mouse/Puck (8100)-(8800)

The present invention may in some preferred embodiments
be implemented 1in a TPO mouse/puck form as generally
depicted in FIG. 81 (8100) - FIG. 88 (8800). This exemplary
TPO embodiment depicts a two-piece mouse/puck assembly in
which the mouse/puck shell (8510) is mated to a replaceable
contact surface plate (8520) that makes pressure contact
with the TSA surface via protrusions on its bottom surface.
As generally depicted in FIG. 85 (8500), the mouse/puck
shell (8510) is designed to receive a correspondingly
indexed replaceable contact surface plate (8520) via a
sliding channel extruded within the body of the mouse/puck
shell (8510).
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As indicated in the wvariants depicted in FIG. 87 (8700)
- FIG. 88 (8800), the contact surface plate may be
configured in a wide variety of ways to provide a number of

different pressure patterns that uniquely identify the

mouse/puck. Of course, it would be possible to generate
single-piece mouse/puck configurations using these
teachings. However, the ability to sgelect an ergonomic

mouse shell (8510) and reconfigure this with a number of
replaceable contact surface plates (8520) allows a great
degree of freedom for the user when interfacing with

software such as gaming applications and the like.

The formations of the mouse/puck TPO as depicted in
FIG. 81 (8100) - FIG. 88 (8800) permit lateral pressure
differentials on the top of the mouse/puck to be translated
to sensed pressure differentials on the TSA. For example,
as pressure 1is redistributed among the various surface
contact pads (8521, 8522, 8523) on the bottom of the
replaceable contact surface plate (8520), this may be
interpreted by software as equivalent mouse clicks or other
GUI messaging information. Other contact pad formations as
depicted in FIG. 88 (8800) permit pressure differentials to
be detected in two or more axes, depending on the number and
type of contact pads provided on the bottom surface of the
contact plate. Variations in the number and placement of
various contact points provides for a wide wvariety of

actions associated with user input activity.

TPO Joystick (8900)-(9600)

The present invention may in some preferred embodiments
be implemented in a TPO joystick form as generally depicted
in FIG. 89 (8900) - FIG. 96 (9600). These diagrams disclose
a joystick that may be mated to the TSA surface via magnetic

attraction and allow the 7joystick to be articulated in a
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wide wvariety of positions. The contact point between the
TSA and the Jjoystick may optimally be a spring loaded
contactor having an optional integrated ball bearing. As
generally depicted in FIG. 95 (9500) - FIG. 96 (9600), the
joystick may also incorporate a spring-loaded pushbutton
(and corresponding pressure contact shaft) that may act as a
selector at a given Jjoystick position. This action may
mimic the function of a mouse key. As the coordinate
position of the Jjoystick is a non-linear function of the
joystick radial angle, software may be used to correct the
relationship between the measured TSA pressure position and

the user-positioned angle of the joystick.

TPO Trackpad (9700)-(10000)

The present invention may in some preferred embodiments
be implemented in a TPO trackpad form as generally depicted
in FIG. 97 (9700) - FIG. 100 (10000). This form of TPO may
have special indicia or other tactile forms on the surface
of the TPO that are application specific. As such, it
represents a very generic method of incorporating software-

specific functionality into the TSA.

TPO K 10100)-(104

The present invention may in some preferred embodiments
be implemented in a TPO keypad form as generally depicted in
FIG. 101 (10100) - FIG. 104 (10400). Here the TPO trackpad
described above may be augmented with a custom overlay and
associated custom indexed pressure contactor (IPC) that is
configured with contact points associated with each key in

the keypad overlay.

Flat Overlays (10500)

The simplest form of physical touch sensor augmentation

is achieved with a flat, flexible overlay. This overlay can
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be printed with markings that indicate different sensor
functions. For instance, a OQWERTY keyboard overlay could
just be a thin, flexible plastic membrane with a keyboard
pattern printed on its top surface. When placed on a
sensor, the sensor can turn into a functional keyboard,
capable of turning touch data into keyboard keystrokes
(assuming the correct software 1s also enabled). The
overlay provides visual feedback to the wuser, increasing
usability of the keyboard functionality. Various examples
of these flat TPO overlays with a number of tactile surface

patterns are depicted in FIG. 105 (10500).

TPO Trackpad/Keypad Overlay Construction (10500)-(11200)

The present invention may implement TPO trackpad/keypad

overlays in a wide variety of as generally depicted in FIG.
105 (10500) - FIG. 112 (11200). The examples provided in
these figures are depicted in a square configuration, but
can be constructed with any type of perimeter form.
Additionally while nine keys are depicted in the diagrams,
the present invention may incorporate any number of keys in
based on application context. Keys represented in the
figures incorporate embossed indicia, but this is not a

limitation of the present invention.

These figures depict overlay cross-sections of various
features that are made possible with the use of a three-
dimensional, flexible overlay. Texture can be added to
provide the user with tactile feedback. It is also possible

to add indentations or ridges around features to increase

usability. It 1is also possible to <create standalone
raised/lowered buttons. Subtle indicators can be
implemented with small, raised bumps. Finally, dome-switch

buttons can be molded with a three-dimensional overlay to

give users a button “feel” when using the device.

JSENS.00003PCT Page 59 6/25/2015



10

15

20

25

30

WO 2015/200726 PCT/US2015/037831

TACTILE TOUCH SENSOR SYSTEM AND METHOD

FIG. 105 (10500) depicts a basic flat trackpad/keypad
overlay that may or may not have printed text and/or key
surface texturing associated with its construction. FIG.
106 (10600) depicts a trackpad/keypad overlay that
incorporates edge indentations around buttons/keys. FIG.
107 (10700) depicts a trackpad/keypad overlay that
incorporates edge ridges around buttons/keys. FIG. 108
(10800) depicts a raised key/button trackpad/keypad overlay.
FIG. 109 (10900) depicts a depressed/lowered key/button
trackpad/keypad overlay. FIG. 110 (11000) depicts a
depressed/lowered key/button trackpad/keypad overlay with

raised bump indicia.

FIG. 111 (11100) depicts a domed key/button
trackpad/keypad overlay. FIG. 112 (11200) depicts a domed
key/button trackpad/keypad overlay with key caps. With a 3D
overlay, it 1s possible to make the backside of the overlay
non-flat. This allows the overlay to control the level of
forces required to activate the sensor. For instance, a
dome switch construction can be created, so that a minimum
level of force 1is required to actually transmit forces

through to the sensor (FIG. 111 (11100) - FIG. 112 (11200)).

Modular TPO Construction (11300)-(12000)

The present invention may in some preferred embodiments
implement a TPO in modular construction form as generally
depicted in FIG. 113 (11300) - FIG. 120 (12000). These
exemplary embodiments incorporate symmetric latch-and-clasp
mechanisms along the X-axis and Y-axis of the TPO structure.
These symmetric latch-and-clasp structures allow a variety
of TPO structures to be mated and placed on a TSA to form an

integrated tactile touch sensor interface to the TSA.
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As depicted in the single key diagrams of FIG. 113
(11300) - FIG. 116 (11600), each TPO structure incorporates
horizontal/vertical latch-and-clasp male portions that mate
with corresponding female portions in adjacent TPO
structures. As indicated in FIG. 116 (11600), these latch-
and-clasp male portions may be trimmed or cut off at the
peripheral edges of TPO arrays containing these structures
for aesthetic purposes. When corresponding male and female
latch-and-clasp portions are mated, a unified TPO structure
may be formed in which a wvariety of TPO structures as
defined here may be combined to form a singular interface to
the TSA. A 3x3 example of this is provided in FIG. 117
(11700) - FIG. 120 (12000).

Auto-ldentified Modular TPO Construction (12100)-(12800)

The present invention may in some preferred embodiments

implement a TPO with integrated automatic identification

mechanisms as generally depicted in FIG. 121 (12100) - FIG.
128 (12800). These exemplary embodiments incorporate TPO
identifier (TPI) Dbit-based identification codes on the

bottom of each TPO that is sensed by the TSA when the TPO is
magnetically attached to the surface of the TSA. In this
manner, software interrogating the TSA may look for
particular pressure bit sequences on the surface of the TSA
and automatically identify the type of TPO located at that
particular TSA position. This automatic TPO identification
may then load appropriate software drivers and/or
application software automatically without the need for user

intervention.

While the exemplary TPO structures depicted in FIG. 121
(12100) - FIG. 128 (12800) utilize the modular TPO
connection features described above, the automatic

identification of TPO structures based on pressure sensing
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by the TSA of encoded bit patterns does not require this
feature. However, it is thought that the embodiment in
these figures represents a preferred embodiment of the

present invention.

Exemplary TSA+TPO Assembled K rd (12 - (127

As generally depicted in FIG. 126 (12600) - FIG. 127
(12700), the techniques described above may be wused to
assemble keyboards of arbitrary configuration by simply
placing the TPO elements on the pressure sensitive TSA
surface. When combined with the automatic identification
feature, the TPO arrays present a powerful method to
generate custom keyboard structures Dby simply mating an
arbitrary number of different TPO overlays in a user-defined
array pattern. Placing the TPO array on the TSA then
automatically configures the software with the appropriate
application software and drivers necessary to properly
interpret each individual TPO overlay based on the TPI

identification read by the TPD within the TSA.

Exemplary TSA+TPO ldentification Method (12800)

The above-described automatic TPO identification

indicia may in many invention embodiments be associated with
an automatic TPO identification method. As generally
depicted in the flowchart of FIG. 128 (12800), an exemplary
present invention automatic TPO identification method can be

generally described as comprising the steps of:

(1) Encoding a TPO overlay ID as a TPO bit-based
physical identifier (TPI) on bottom surface of a

TPO (12801);

(2) Applying the auto-identified TPO to a TSA surface
(12802) ;
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Scanning the surface of the TSA to locate
pressures points associated with  the auto-

identified TPO (12803):

Determining if new TPO pressure points have been
detected on the TSA surface, and if not,

proceeding to step (10) (12804);

Locating a TPI pressure registration pattern (TRP)
indicating auto-ID field on the surface of the TSA
(12805) ;

Locating the TPO ID field (TPI) using the location
of identified TRP registration pattern (12806);

Decoding the located TPI field on the surface of
the TSA from binary pressure points within the TPI
to a TPI index (TPX) value (12807);

Retrieving TPO support software for the currently
detected TPO from an application/driver software

database (12811) with TPX index as the lookup
indexing key (12808);

Presenting a software application / user interface
to a user using TPX-indexed software loaded from
the application/driver software database (12811)
(12809) ;

Interpreting TSA inputs from TPOs placed on the
surface of the TSA Dbased on existing or
dynamically loaded software drivers/applications
loaded from the application/driver software
database (12811) and proceeding to step (3)
(12810) .

This general method may be modified heavily depending on a

of factors, with rearrangement and/or
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addition/deletion of steps anticipated by the scope of the
present invention. Integration of this and other preferred
exemplary embodiment methods in conjunction with a wvariety
of preferred exemplary embodiment systems described herein
is anticipated by the overall scope of the present

invention.

Preferred Em imen m Summar
The present invention ©preferred exemplary system
embodiment anticipates a wide variety of variations in the
basic theme of construction, but can be generalized as a

tactile touch sensor system comprising:

(a) touch sensor array (TSA); and
(b) TSA pressure overlay (TPO);
wherein:

the TSA comprises a pressure-sensitive surface (PSS)

incorporating row-column force detection;
the TPO comprises a pressure contact surface (PCS);
the TPO overlays the PSS;

the TPO is configured to transmit pressure to the PSS

via the PCS;

the TSA is configured to determine if the TPO is
present on the PSS;

the TSA comprises a TPO detector (TPD) configured to
detect an identification (TPI) of the TPO; and

the TSA 1is configured to interpret the transmitted
pressure based on the detected TPI of the TPO.

This general system summary may be augmented by the

various elements described herein to produce a wide variety
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of invention embodiments consistent with this overall design

description.

Preferred Embodiment Method Summary
The present invention preferred exemplary method
embodiment anticipates a wide variety of variations in the
basic theme of implementation, but can be generalized as a

tactile touch sensor method comprising:

(1) Encoding an overlay identification (TPI) within a
touch sensor physical overlay (TPO) incorporating
a pressure contact surface (PCS) to uniquely

identify a function of the TPO;

(2) Overlaying the TPO to a surface of a touch sensor
array (TSA) comprising a pressure-sensitive
surface (PSS) incorporating row-column force

detection to allow the transmission of pressure to

the PSS via the PCS;
(3) Reading the TPI with a TPO detector (TPD);

(4) Interrogating the TPI wvia a hardware computer
interface (HCI) wusing a user computing device

(UCD) ;

(5) Loading an application software driver (ASD) on

the UCD based on the TPI read by the TPD;

(6) Presenting a software application / interface to a

user based on the TSI read by the TPD;

(7) Interpreting inputs from the TSA inputs through
the HCI based on the TSI read by the TPD; and

(8) Proceeding to step (6) 1if the TSO has not been
modified or replaced and proceeding to step (2) if
the TPD has detected a change in the TPO placed on
the TSA.
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One skilled in the art will recognize that these method
steps may be augmented or rearranged without limiting the
teachings of the present invention. This general method
summary may be augmented by the wvarious elements described
herein to produce a wide variety of invention embodiments

consistent with this overall design description.

System/Method Variations

The present invention anticipates a wide variety of
variations in the basic theme of construction. The examples
presented previously do not represent the entire scope of
possible usages. They are meant to cite a few of the almost

limitless possibilities.

This basic system and method may be augmented with a
variety of ancillary embodiments, including but not limited

to:

e An embodiment wherein at least a portion of the TPO is

transparent.

e An embodiment wherein at least a portion of the TPO is

translucent.

e An embodiment wherein the TPO 1is formed via a
manufacturing process selected from a group consisting
of: injection molding; 3D printing; embossing; laser-
cutting from blank overlays; and laser-cutting from

stock overlay materials.

e An embodiment wherein the TPO comprises material
selected from a group consisting of: Rogers
Corporation PORON® brand microcellular urethane;
urethane; urethane foam; silicone; silicone foam;

neoprene foam; rubber; thermoplastic polyurethane
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(TPU); and transparent overlay material retaining a

printed sheet of paper.

An embodiment wherein the TPO comprises a flexible

overlay.

An embodiment wherein the TPO comprises a flexible

overlay comprising a textured surface.

An embodiment wherein the TPO comprises a flexible
overlay comprising a key/button feature selected from a
group consisting of: key/button with surface
texturing; key/button with edge indentations;
key/button with edge ridges; key/button with raised
overlay; key/button with depressed/lowered overlay;
key/button with raised bump indicia; key/button with
domed overlay; and key/button with domed overlay and

key caps.

An embodiment wherein the TPO comprises a rigid

mechanical overlay.

An embodiment wherein the TPO comprises a keyboard
selected from a group consisting of: QWERTY kevyboard;
DVORAK keyboard; court-stenographer keyboard; numeric
keypad keyboard; piano keyboard; musical instrument

keyboard; and musical sampler player keyboard.

An embodiment wherein the TPO is configured to exert a

unique force profile when contacting the TSA.

An embodiment wherein the TPO further comprises a radio
frequency identification (RFID) tag incorporating the

TPI.

An embodiment wherein the TPO further comprises an

optical TPI readable by the TPD, the optical TPI
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selected from a group consisting of: bar code; QR

code; and text.

An embodiment wherein the TPO 1s attached to the TSA

via the use of one or more magnets.

An embodiment wherein the TPO is attached to the TSA
using a mechanism selected from a group consisting of:
peripheral edge insertion; side edge insertion;

magnetic bezel; and hinged bezel.

An embodiment wherein the TPI is determined by the TPD

via the detection of magnets positioned in the TPO.

An embodiment wherein the TPI is determined by the TPD
via the detection of surface protrusions present within

the PCS.

An embodiment wherein the TPI is determined by the TPD
via the presence of a radio frequency identification

(RFID) tag in the TPO.

An embodiment wherein the TPO comprises a physical
pressure generation device selected from a group
consisting of: slider; knob; toggle switch; pushbutton
switch; joystick; joystick/pushbutton combination; and

mouse/puck.

An embodiment wherein the TPO comprises a mouse/puck
for which position, rotation, and/or differential tilt
pressure applied by the mouse/puck to the PSS is sensed
by the TSA.

An embodiment wherein the TPO comprises a mouse/puck
further comprising a mouse/puck shell is mated to a

replaceable contact surface plate.
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An embodiment wherein the TPD comprises a detector
selected from a group consisting of: magnetometer;
radio frequency identification (RFID) tag reader; radio
frequency identification (RFID) tag array —reader;
camera; optical sensor; capacitance sensor; inductive

sensor; and conductance sensor.

An embodiment wherein the TPO further comprises
conductive electrodes configured to present a
predetermined capacitance profile to a selected region

of the TSA.

An embodiment wherein the TPO further comprises
conductive electrodes configured to present a
predetermined conductance profile to a selected region

of the TSA.

An embodiment wherein the TPO further comprises
conductive electrodes configured to present a
predetermined inductance profile to a selected region

of the TSA.

An embodiment wherein the TPO comprises symmetric
latch-and-clasp mechanisms along an X-axis and Y-axis
of the TPO to permit formation of modular combinations

of a plurality of TPO structures.

An embodiment wherein the TSA further comprises a
hardware computer interface (HCI) configured to
interact with a user computing device (UCD) to
automatically load application software driver (ASD) on
the UCD in response to detection by the TPD of the TPI
associated with the TPO.

An embodiment wherein the TPO further comprises a
programmable deformable membrane that is activated from

a deformation actuator selected from a group consisting
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of: piezo-electric element; pneumatic element; and

heating element.

e An embodiment wherein the TPO is configured to accept

side illumination from a light source within the TSA.

5 e An embodiment wherein the TPO is configured to collect
electrical energy via the use of a power harvesting

coil.

One skilled in the art will recognize that other
embodiments are possible based on combinations of elements

10 taught within the above invention description.
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GENERALIZED COMPUTER USABLE MEDIUM

In various alternate embodiments, the present invention
may be implemented as a computer program product for use
with a computerized computing system. Those skilled in the
art will readily appreciate that programs defining the
functions defined by the present invention can be written in
any appropriate programming language and delivered to a
computer in many forms, including but not limited to: (a)
information permanently stored on non-writeable storage
media (e.g., read-only memory devices such as ROMs or CD-ROM
disks); (b) information alterably stored on writeable
storage media (e.g., floppy disks, hard drives, and USR
thumb drives); and/or (c) information conveyed to a computer
through communication media, such as a local area network, a
telephone network, or a public network such as the Internet.
When carrying computer readable instructions that implement
the present invention methods, such computer readable media

represent alternate embodiments of the present invention.

As generally illustrated herein, the present invention
system embodiments can incorporate a variety of computer
readable media that comprise computer usable medium having
computer readable code means embodied therein. One skilled
in the art will recognize that the software associated with
the various processes described herein can be embodied in a
wide wvariety of computer accessible media from which the
software 1s loaded and activated. Pursuant to In re
Beauregard, 35 USPQ2d 1383 (U.S. Patent 5,710,578), the
present invention anticipates and includes this type of
computer readable media within the scope of the invention.
Pursuant to In re Nuijten, 500 F.3d 1346 (Fed. Cir. 2007)
(U.S. Patent Application S/N 09/211,928), the present
invention scope is limited to computer readable media

wherein the media is both tangible and non-transitory.
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CONCLUSION

A tactile touch sensor (TTS) system and method allowing
physical augmentation of a high-resolution touch sensor
array (TSA) has been disclosed. Physical augmentation is
accomplished using a TSA physical overlay (TPO) placed on
top of the TSA. The TPO is constructed to transmit forces
to the underlying TSA. Force transmission is accomplished
by either wusing a flexible overlay or with a rigid
mechanical overlay that transmits user forces exerted on the
overlay to the wunderlying TSA. Incorporation of TPO
identifiers (TPI) within the TPO permits identification of
the TPO by a TPO detector (TPD) allowing operational
characteristics of the TSA to be automatically reconfigured
to conform to the currently applied TPO structure by a user
computing device (UCD). The UCD may be configured to
automatically load an appropriate application software
driver (ASD) in response to a TPI read by the TPD from the
currently applied TPO.
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CLAIMS INTERPRETATION

The following rules apply when interpreting the CLAIMS

of the present invention:

The CLAIM PREAMBLE should be considered as limiting the

scope of the claimed invention.

“WHEREIN” clauses should be considered as limiting the

scope of the claimed invention.

“WHERERY” clauses should be considered as limiting the

scope of the claimed invention.

“ADAPTED TO” clauses should be considered as limiting

the scope of the claimed invention.

“ADAPTED FOR” clauses should be considered as limiting

the scope of the claimed invention.

The term “MEANS” gpecifically invokes the means-plus-
function claims limitation recited in 35 U.S.C. §112(f)
and such c¢laim shall be construed to cover the
corresponding structure, material, or acts described in

the specification and equivalents thereof.

The phrase “MEANS FOR” specifically invokes the means-
plus-function claims limitation recited in 35 U.S.C.
§112 (f) and such claim shall be construed to cover the
corresponding structure, material, or acts described in

the specification and equivalents thereof.

The phrase “STEP FOR” specifically invokes the step-
plus-function claims limitation recited in 35 U.S.C.
§112 (f) and such claim shall be construed to cover the
corresponding structure, material, or acts described in

the specification and equivalents thereof.
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The step-plus-function claims limitation recited in 35
U.s.C. §112 (£) shall Dbe construed to cover the
corresponding structure, material, or acts described in
the specification and equivalents thereof ONLY for such
claims including the phrases “MEANS FOR”, “MEANS”, or
“STEP FOR”.

The phrase “AND/OR” in the context of an expression “X
and/or Y” should be interpreted to define the set of
“(X and Y)” in wunion with the set “(X or Y)” as
interpreted by Ex Parte Gross (USPTO Patent Trial and
Appeal Board, Appeal 2011-004811, S/N  11/565,411,
(“and/or’ covers embodiments having element A alone, B

alone, or elements A and B taken together”).

The claims presented herein are to be interpreted in
light of the specification and drawings presented
herein with sufficiently narrow scope such as to not

preempt any abstract idea.

The claims presented herein are to be interpreted in
light of the specification and drawings presented
herein with sufficiently narrow scope such as to not

preclude every application of any idea.

The claims presented herein are to be interpreted in
light of the specification and drawings presented
herein with sufficiently narrow scope such as to
preclude any basic mental process that could be

performed entirely in the human mind.

The claims presented herein are to be interpreted in
light of the specification and drawings presented
herein with sufficiently narrow scope such as to
preclude any process that could be performed entirely

by human manual effort.
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CLAIMS

Although a ©preferred embodiment of the ©present
invention has been illustrated in the accompanying drawings
and described in the foregoing Detailed Description, it will
be understood that the invention is not limited to the
embodiments disclosed, but is capable of numerous
rearrangements, modifications, and substitutions without
departing from the spirit of the invention as set forth and

defined by the following claims.

What 1s claimed is:
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1. A tactile touch sensor (TTS) system comprising:

(a) touch sensor array (TSA); and
(b) TSA pressure overlay (TPO);
wherein:

said TSA comprises a pressure-sensitive surface (PSS)

incorporating row-column force detection;
said TPO comprises a pressure contact surface (PCS);
said TPO overlays said PSS;

said TPO is configured to transmit pressure to said PSS

via said PCS;

said TSA 1is configured to determine if said TPO is

present on said PSS;

said TSA comprises a TPO detector (TPD) configured to
detect an identification (TPI) of said TPO; and

said TSA is configured to interpret said transmitted

pressure based on said detected TPI of said TPO.
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The tactile touch sensor system of Claim 1 wherein at

least a portion of said TPO is transparent.

The tactile touch sensor system of Claim 1 wherein at

least a portion of said TPO is translucent.

The tactile touch sensor system of Claim 1 wherein said
TPO is formed via a manufacturing process selected from
a group consisting of: injection molding; 3D printing;
embossing; laser-cutting from blank overlays; and

laser-cutting from stock overlay materials.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises material selected from a group consisting
of: Rogers Corporation PORON® brand microcellular
urethane; urethane; urethane foam; silicone; silicone
foam; neoprene foam; rubber; thermoplastic polyurethane
(TPU); and transparent overlay material retaining a

printed sheet of paper.

The tactile touch sensor system of Claim 1 wherein said

TPO comprises a flexible overlay.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a flexible overlay comprising a textured

surface.
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13.

14.

TACTILE TOUCH SENSOR SYSTEM AND METHOD

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a flexible overlay comprising a
key/button feature selected from a group consisting of:
key/button with surface texturing; key/button with edge
indentations; key/button with edge ridges; key/button
with raised overlay; key/button with depressed/lowered
overlay; key/button with raised bump indicia;
key/button with domed overlay; and key/button with

domed overlay and key caps.

The tactile touch sensor system of Claim 1 wherein said

TPO comprises a rigid mechanical overlay.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a keyboard selected from a group
consisting of: QWERTY keyboard; DVORAK keyboard;
court-stenographer keyboard; numeric keypad keyboard;
piano keyboard; musical instrument keyboard; and

musical sampler player keyboard.

The tactile touch sensor system of Claim 1 wherein said
TPO is configured to exert a unique force profile when

contacting said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises a radio fregquency identification

(RFID) tag incorporating said TPI.

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises an optical TPI readable by said
TPD, said optical TPI selected from a group consisting

of: Dbar code; QR code; and text.

The tactile touch sensor system of Claim 1 wherein said
TPO is attached to said TSA via the use of one or more

magnets.
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le.

17.

18.

19.

20.

21.

TACTILE TOUCH SENSOR SYSTEM AND METHOD

The tactile touch sensor system of Claim 1 wherein said
TPO is attached to said TSA using a mechanism selected
from a group consisting of: peripheral edge insertion;

side edge insertion; magnetic bezel; and hinged bezel.

The tactile touch sensor system of Claim 1 wherein said
TPI is determined by said TPD via the detection of

magnets positioned in said TPO.

The tactile touch sensor system of Claim 1 wherein said
TPI is determined by said TPD via the detection of

surface protrusions present within said PCS.

The tactile touch sensor system of Claim 1 wherein said
TPI is determined by said TPD via the presence of a

radio frequency identification (RFID) tag in said TPO.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a physical pressure generation device
selected from a group consisting of: slider; knob;
toggle switch; pushbutton switch; joystick;

Joystick/pushbutton combination; and mouse/puck.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a mouse/puck for which position,
rotation, and/or differential tilt pressure applied by

said mouse/puck to said PSS is sensed by said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises a mouse/puck further comprising a
mouse/puck shell i1s mated to a replaceable contact

surface plate.
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23.

24.

25.

26.

27.
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The tactile touch sensor system of Claim 1 wherein said
TPD comprises a detector selected from a group
consisting of: magnetometer; radio frequency
identification (RFID) tag reader; radio frequency
identification (RFID) tag array reader; camera; optical
sensor; capacitance sensor; inductive sensor; and

conductance sensor.

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises conductive electrodes configured
to present a predetermined capacitance profile to a

selected region of said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises conductive electrodes configured
to present a predetermined conductance profile to a

selected region of said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises conductive electrodes configured
to present a predetermined inductance profile to a

selected region of said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO comprises symmetric latch-and-clasp mechanisms
along an X-axis and Y-axis of said TPO to permit
formation of modular combinations of a plurality of TPO

structures.

The tactile touch sensor system of Claim 1 wherein said
TSA further comprises a hardware computer interface
(HCI) configured to interact with a user computing
device (UCD) to automatically load application software
driver (ASD) on said UCD in response to detection by

salid TPD of said TPI associated with said TPO.

JSENS.00003PCT Page 80 6/25/2015



WO 2015/200726 PCT/US2015/037831

28.

5
29.
30.

10

TACTILE TOUCH SENSOR SYSTEM AND METHOD

The tactile touch sensor system of Claim 1 wherein said
TPO further comprises a programmable deformable
membrane that is activated from a deformation actuator
selected from a group consisting of: piezo-electric

element; pneumatic element; and heating element.

The tactile touch sensor system of Claim 1 wherein said
TPO is configured to accept side illumination from a

light source within said TSA.

The tactile touch sensor system of Claim 1 wherein said
TPO is configured to collect electrical energy via the

use of a power harvesting coil.
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31. A tactile touch sensor (TTS) method comprising:

(1)

JSENS.00003PCT

Encoding an overlay identification (TPI) within a
touch sensor physical overlay (TPO) incorporating
a pressure contact surface (PCS) to uniquely

identify a function of said TPO;

Overlaying said TPO to a surface of a touch sensor
array (TSA) comprising a pressure-sensitive
surface (PSS) incorporating row-column force
detection to allow the transmission of pressure to

sald PSS wvia said PCS;
Reading said TPI with a TPO detector (TPD);

Interrogating said TPI via a hardware computer
interface (HCI) wusing a user computing device

(UCD) ;

Loading an application software driver (ASD) on

said UCD based on said TPI read by said TPD;

Presenting a software application / interface to a

user based on said TSI read by said TPD;

Interpreting inputs from said TSA inputs through
said HCI based on said TSI read by said TPD; and

Proceeding to step (6) 1if said TSO has not been
modified or replaced and proceeding to step (2) if
said TPD has detected a change in said TPO placed
on said TSA.
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The tactile touch sensor method of Claim 31 wherein at

least a portion of said TPO is transparent.

The tactile touch sensor method of Claim 31 wherein at

least a portion of said TPO is translucent.

The tactile touch sensor method of Claim 31 wherein
said TPO is formed via a manufacturing process selected
from a group consisting of: injection molding; 3D
printing; embossing; laser-cutting from blank overlays;

and laser-cutting from stock overlay materials.

The tactile touch sensor method of Claim 31 wherein

said TPO comprises material selected from a group

consisting of: Rogers Corporation PORON® brand
microcellular urethane; urethane; urethane foam;
silicone; silicone foam; neoprene foam; rubber;
thermoplastic polyurethane (TPU) ; and transparent

overlay material retaining a printed sheet of paper.

The tactile touch sensor method of Claim 31 wherein

said TPO comprises a flexible overlay.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a flexible overlay comprising a

textured surface.
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38.

39.

40.

41.

42.

43.

44,

TACTILE TOUCH SENSOR SYSTEM AND METHOD

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a flexible overlay comprising a
key/button feature selected from a group consisting of:
key/button with surface texturing; key/button with edge
indentations; key/button with edge ridges; key/button
with raised overlay; key/button with depressed/lowered
overlay; key/button with raised bump indicia;
key/button with domed overlay; and key/button with

domed overlay and key caps.

The tactile touch sensor method of Claim 31 wherein

said TPO comprises a rigid mechanical overlay.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a keyboard selected from a group
consisting of: QWERTY keyboard; DVORAK keyboard;
court-stenographer keyboard; numeric keypad keyboard;
piano keyboard; musical instrument keyboard; and

musical sampler player keyboard.

The tactile touch sensor method of Claim 31 wherein
said TPO is configured to exert a unique force profile

when contacting said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO further comprises a radio frequency

identification (RFID) tag incorporating said TPI.

The tactile touch sensor method of Claim 31 wherein
said TPO further comprises an optical TPI readable by
said TPD, said optical TPI selected from a group

consisting of: Dbar code; QR code; and text.

The tactile touch sensor method of Claim 31 wherein
salid TPO 1is attached to said TSA via the use of one or

more magnets.
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46.

47 .

48.

49.

50.

51.

TACTILE TOUCH SENSOR SYSTEM AND METHOD

The tactile touch sensor method of Claim 31 wherein
said TPO is attached to said TSA using a mechanism
selected from a group consisting of: peripheral edge
insertion; side edge insertion; magnetic bezel; and

hinged bezel.

The tactile touch sensor method of Claim 31 wherein
said TPI is determined by said TPD via the detection of

magnets positioned in said TPO.

The tactile touch sensor method of Claim 31 wherein
said TPI is determined by said TPD via the detection of

surface protrusions present within said PCS.

The tactile touch sensor method of Claim 31 wherein
said TPI is determined by said TPD via the presence of
a radio frequency identification (RFID) tag in said

TPO.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a physical pressure generation
device selected from a group consisting of: slider;
knob; toggle switch; pushbutton switch; Jjoystick;

Joystick/pushbutton combination; and mouse/puck.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a mouse/puck for which position,
rotation, and/or differential tilt pressure applied by

said mouse/puck to said PSS is sensed by said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises a mouse/puck further comprising a
mouse/puck shell i1s mated to a replaceable contact

surface plate.
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53.

54.

55.

56.
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The tactile touch sensor method of Claim 31 wherein
said TPD comprises a detector selected from a group
consisting of: magnetometer; radio frequency
identification (RFID) tag reader; radio frequency
identification (RFID) tag array reader; camera; optical
sensor; capacitance sensor; inductive sensor; and

conductance sensor.

The tactile touch sensor method of Claim 31 wherein
said TPO further <comprises conductive electrodes
configured to ©present a predetermined capacitance

profile to a selected region of said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO further comprises <conductive electrodes
configured to ©present a predetermined conductance

profile to a selected region of said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO further comprises <conductive electrodes
configured to present a ©predetermined inductance

profile to a selected region of said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO comprises symmetric latch-and-clasp mechanisms
along an X-axis and Y-axis of said TPO to permit
formation of modular combinations of a plurality of TPO

structures.
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59.

60.
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The tactile touch sensor method of Claim 31 wherein
said TSA further comprises a hardware computer
interface (HCI) configured to interact with a user
computing device (UCD) to automatically load
application software driver (ASD) on said UCD in
response to detection by said TPD of said TPI

associated with said TPO.

The tactile touch sensor method of Claim 31 wherein
said TPO further comprises a programmable deformable
membrane that is activated from a deformation actuator
selected from a group consisting of: piezo-electric

element; pneumatic element; and heating element.

The tactile touch sensor method of Claim 31 wherein
said TPO is configured to accept side illumination from

a light source within said TSA.

The tactile touch sensor method of Claim 31 wherein
said TPO is configured to collect electrical energy via

the use of a power harvesting coil.
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