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PIECEWISE-LINEAR AND
PIECEWISE-AFFINE SUBSPACE
TRANSFORMATIONS FOR HIGH
DIMENSIONAL TOUCHPAD (HDTP)
OUTPUT DECOUPLING AND
CORRECTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 US.C. § 119(e), this application is a
continuation application of U.S. patent application Ser. No.
14/175,983, filed Feb. 7, 2014, U.S. Pat. No. 9,389,713,
issued Jul. 12, 2016, which is a continuation of U.S. patent
application Ser. No. 13/093,834, filed on Apr. 25, 2011, U.S.
Pat. No. 8,686,960, issued Apr. 1, 2014, which claims the
benefit of priority from Provisional U.S. Patent application
No. 61/327,458, filed Apr. 23, 2010, the contents of which
are incorporated by reference.

COPYRIGHT & TRADEMARK NOTICES

A portion of the disclosure of this patent document may
contain material, which is subject to copyright protection.
Certain marks referenced herein may be common law or
registered trademarks of the applicant, the assignee or third
parties affiliated or unaffiliated with the applicant or the
assignee. Use of these marks is for providing an enabling
disclosure by way of example and shall not be construed to
exclusively limit the scope of the disclosed subject matter to
material associated with such marks.

BACKGROUND OF THE INVENTION

The invention relates to user interfaces providing an
additional number of simultaneously-adjustable interac-
tively-controlled discrete (clicks, taps, discrete gestures) and
pseudo-continuous (downward pressure, roll, pitch, yaw,
multi-touch geometric measurements, continuous gestures,
etc.) user-adjustable settings and parameters, and in particu-
lar to a curve-fitting approach to HDTP parameter extrac-
tion, and further how these can be used in applications.

By way of general introduction, touch screens implement-
ing tactile sensor arrays have recently received tremendous
attention with the addition multi-touch sensing, metaphors,
and gestures. After an initial commercial appearance in the
products of FingerWorks, such advanced touch screen tech-
nologies have received great commercial success from their
defining role in the iPhone and subsequent adaptations in
PDAs and other types of cell phones and hand-held devices.
Despite this popular notoriety and the many associated
patent filings, tactile array sensors implemented as transpar-
ent touchscreens were taught in the 1999 filings of issued
U.S. Pat. No. 6,570,078 and U.S. patent application Ser. No.
11/761,978.

Despite the many popular touch interfaces and gestures,
there remains a wide range of additional control capabilities
that can yet be provided by further enhanced user interface
technologies. A number of enhanced touch user interface
features are described in U.S. Pat. No. 6,570,078, U.S.
patent application Ser. Nos. 11/761,978, 12/418,605,
12/502,230, 12/541,948, and related U.S. patent applica-
tions. These patents and patent applications also address
popular contemporary gesture and touch features. The
enhanced user interface features taught in these patents and
patent applications, together with popular contemporary
gesture and touch features, can be rendered by the “High
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2

Definition Touch Pad” (HDTP) technology taught in those
patents and patent applications. Implementations of the
HTDP provide advanced multi-touch capabilities far more
sophisticated that those popularized by FingerWorks, Apple,
NYU, Microsoft, Gesturetek, and others.

SUMMARY OF THE INVENTION

For purposes of summarizing, certain aspects, advantages,
and novel features are described herein. Not all such advan-
tages may be achieved in accordance with any one particular
embodiment. Thus, the disclosed subject matter may be
embodied or carried out in a manner that achieves or
optimizes one advantage or group of advantages without
achieving all advantages as may be taught or suggested
herein.

The invention provides for the use of piecewise-linear and
piecewise-affine transformations for High Dimensional
Touchpad (HDTP) output decoupling and corrections.

In one aspect of the invention, a method is provided for
improving the decoupling and corrections among measured
parameters in a touch-based user interface using at least one
computational processor, the method comprising:

receiving tactile image data responsive to data generated

from user touch to a touch user interface comprising a
sensor array;

processing the tactile image data with a series of opera-

tions to produce first processed data vector, the series of
operations comprising at least one rotation operation,
the first processed data vector comprising a plurality of
numerical values responsive to data generated from
user touch;

further processing the first processed data vector using at

least one computational processor, the further process-
ing comprising a piecewise-linear computational
operation on the first processed data vector, the piece-
wise-linear transformation comprising at least one pro-
vided linear transformation selected from a plurality of
possible linear transformations;

wherein the selection of the linear transformation from the

plurality of possible linear transformations is deter-
mined by conditional tests made on at least one of the
numerical values comprised by the first processed data
vector, and

wherein the further processing produces a second pro-

cessed data vector comprising a plurality of numerical
values responsive to data generated from user touch.

In another aspect of the invention, a method is provided
for improving the decoupling among measured parameters
in a touch-based user interface using at least one computa-
tional processor, the method comprising:

receiving tactile image data responsive to data generated

from user touch to a touch user interface comprising a
sensor array;

processing the tactile image data with a series of opera-

tions to produce first processed data vector, the series of
operations comprising at least one rotation operation,
the first processed data vector comprising a plurality of
numerical values responsive to data generated from
user touch;

further processing the first processed data vector using at

least one computational processor, the further process-
ing comprising a piecewise-affine computational opera-
tion on the first processed data vector, the piecewise-
affine operation using at least one provided linear
transformation and at least one provided offset vector,
the at least one provided linear transformation selected
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from a plurality of possible linear transformations and
the at least one provided offset vector selected from a
plurality of possible offset vectors;

wherein the selection of the linear transformation from the

plurality of possible linear transformations and the
selection of the offset vector from the plurality of
possible offset vectors is determined by conditional
tests made on at least one of the numerical values
comprised by the first processed data vector, and
wherein the further processing produces a second pro-
cessed data vector comprising a plurality of numerical
values responsive to data generated from user touch.

In another aspect of the invention, the first processed data
vector comprises a yaw angle numerical value responsive to
a calculated yaw angle associated with the user touch and the
rotation operation is responsive to the yaw angle numerical
value.

In another aspect of the invention, the first processed data
vector comprises a pitch angle numerical value responsive to
a calculated pitch angle associated with the user touch and
the rotation operation is used to provide a correction for the
yaw angle.

In another aspect of the invention, the first processed data
vector comprises a roll angle numerical value responsive to
a calculated roll angle associated with the user touch and the
rotation operation is used to provide a correction for the yaw
angle.

In another aspect of the invention, the selected linear
transformation is comprised a plurality of separate compo-
nent linear transformations, at least one of the component
linear transformations is determined by conditional tests
made on at least one of the numerical values comprised by
the first processed data vector.

In another aspect of the invention, the separate component
linear transformation is stored in a look-up table, the look-up
table comprising a plurality of separate component linear
transformations.

In another aspect of the invention, the method is used to
provide corrections for pitch angle effects on measured
front-back center.

In another aspect of the invention, the method is used to
provide corrections for roll angle effects on measured left-
right-center.

In another aspect of the invention, the conditional tests
further comprise tests responsive to the positive or negative
direction of change over time of at least one numerical value
comprised by the first processed data vector.

In another aspect of the invention, the method is used to
provide corrections for hysteresis effects within the physical
contact process between the user touch and the sensor array.

In another aspect of the invention, the method is used to
provide corrections for hysteresis effects in at least one
measurement of the user touch.

In another aspect of the invention, the method is used to
provide corrections for downward pressure effects on mea-
sured pitch angle.

In another aspect of the invention, the method is used to
provide corrections for pressure effects on measured roll
angle.

In another aspect of the invention, the method is used to
provide corrections for range-of-rotation effects.

In another aspect of the invention, the method is used to
provide corrections for at least a tilt effect on yaw angle. The
tilt effect can be responsive to one or both of the roll or pitch
angles of user touch with respect to the sensor array.

In another aspect of the invention, the linear transforma-
tion comprises a matrix.
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In another aspect of the invention, the linear transforma-
tion is stored in a look-up table, the look-up table comprising
a plurality of linear transformations.

In another aspect of the invention, the offset vector is
stored in a look-up table, the look-up table comprising a
plurality of offset vectors.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
the present invention will become more apparent upon
consideration of the following description of preferred
embodiments taken in conjunction with the accompanying
drawing figures.

FIGS. 1A-1G depict a number of arrangements and
embodiments employing the HDTP technology.

FIGS. 2A-2E and FIGS. 3A-3B depict various integra-
tions of an HDTP into the back of a conventional computer
mouse as taught in U.S. Pat. No. 7,557,797 and in U.S.
patent application Ser. No. 12/619,678.

FIG. 4 illustrates the side view of a finger lightly touching
the surface of a tactile sensor array.

FIG. 5A is a graphical representation of a tactile image
produced by contact of a human finger on a tactile sensor
array. FIG. 5B provides a graphical representation of a
tactile image produced by contact with multiple human
fingers on a tactile sensor array.

FIG. 6 depicts a signal flow in a HDTP implementation.

FIG. 7 depicts a pressure sensor array arrangement.

FIG. 8 depicts a popularly accepted view of a typical cell
phone or PDA capacitive proximity sensor implementation.

FIG. 9 depicts an implementation of a multiplexed LED
array acting as a reflective optical proximity sensing array.

FIGS. 10A-10C depict camera implementations for direct
viewing of at least portions of the human hand, wherein the
camera image array is employed as an HDTP tactile sensor
array.

FIG. 11 depicts an embodiment of an arrangement com-
prising a video camera capturing the image of the contact of
parts of the hand with a transparent or translucent surface.

FIGS. 12A-12B depict an implementation of an arrange-
ment comprising a video camera capturing the image of a
deformable material whose image varies according to
applied pressure.

FIG. 13 depicts an implementation of an optical or
acoustic diffraction or absorption arrangement that can be
used for contact or pressure sensing of tactile contact.

FIG. 14 shows a finger image wherein rather than a
smooth gradient in pressure or proximity values there is
radical variation due to non-uniformities in offset and scal-
ing terms among the sensors.

FIG. 15 shows a sensor-by-sensor compensation arrange-
ment.

FIG. 16 (adapted from http://labs.moto.com/diy-touch-
screen-analysis/) depicts the comparative performance of a
group of contemporary handheld devices wherein straight
lines were entered using the surface of the respective touch-
screens.

FIGS. 17A-17F illustrate the six independently adjustable
degrees of freedom of touch from a single finger that can be
simultaneously measured by the HDTP technology.

FIG. 18 suggests general ways in which two or more of
these independently adjustable degrees of freedom adjusted
at once.

FIG. 19 demonstrates a few two-finger multi-touch pos-
tures or gestures from the many that can be readily recog-
nized by HTDP technology.






