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CURVE-FITTING APPROACH TO TOUCH
GESTURE FINGER PITCH PARAMETER
EXTRACTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/038,372, filed on Mar. 1,
2011, which claims priority to U.S. Provisional Patent App.
No. 61/309,424, filed on Mar. 1, 2010, which are both
hereby incorporated herein by reference as if set forth in full.

COPYRIGHT & TRADEMARK NOTICES

[0002] A portion of the disclosure of this patent document
may contain material, which is subject to copyright protec-
tion. 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

[0003] 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.

[0004] By way of general introduction, touch screens
implementing tactile sensor arrays have recently received
tremendous attention with the addition multi-touch sensing,
metaphors, and gestures. After an initial commercial appear-
ance in the products of FingerWorks, such advanced touch
screen technologies 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 imple-
mented as transparent touchscreens were in fact taught in the
1999 filings of issued U.S. Pat. No. 6,570,078 and pending
U.S. patent application Ser. No. 11/761,978.

[0005] 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, pending U.S. patent application Ser. Nos. 11/761,978,
12/418,605, 12/502,230, 12/541,948, and related pending
U.S. patent applications. These patents and patent applica-
tions also address popular contemporary gesture and touch
features. The enhanced user interface features taught in these
patents and patent applications, together with popular con-
temporary gesture and touch features, can be rendered by the
“High Definition Touch Pad” (HDTP) technology taught in
those patents and patent applications. Implementations of
the HDTP provide advanced multi-touch capabilities far
more sophisticated that those popularized by FingerWorks,
Apple, NYU, Microsoft, Gesturetek, and others.
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SUMMARY OF THE INVENTION

[0006] For purposes of summarizing, certain aspects,
advantages, and novel features are described herein. Not all
such advantages 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.

[0007] In another aspect of the invention, a method for a
touch user interface includes implements a touch user inter-
face by receiving tactile sensing data from a touch sensor
disposed on a touch sensor and providing the tactile sensing
data responsive to a human touch made by a user to the touch
surface to at least one processor for performing calculations
on the tactile sensing data, producing processed sensor data
to provide to at least one at least one edge detection
algorithm to produce edge data that is in turn provided to at
least one curve-fitting algorithm to produce curve parameter
data, the curve parameter data in turn provided to at least one
calculation algorithm to produce interpreted data, wherein
the interpreted data comprises user interface information
responsive to the human touch.

[0008] In another aspect of the invention, a system for
implementing a touch user interface includes a touch surface
disposed on a touch sensor, the touch sensor providing
tactile sensing data responsive to human touch made by a
user to the touch surface, at least one processor for perform-
ing calculations on the tactile sensing data and for producing
processed sensor data, producing processed sensor data to
provide to at least one at least one edge detection algorithm
to produce edge data that is in turn provided to at least one
curve-fitting algorithm to produce curve parameter data, the
curve parameter data in turn provided to at least one calcu-
lation algorithm to produce interpreted data, wherein the
interpreted data comprises user interface information
responsive to the human touch.

[0009] The touch sensor may have a capacitive matrix, a
pressure sensor array, an LED array, or a video camera.
[0010] The edge detection algorithm can employing tech-
niques such as those of Canny and its variants, numerical
differential and related techniques of Roberts, Sobel, Pre-
witt, or other approaches.

[0011] The curve-fitting algorithm can include a polyno-
mial regression, superellipse curve fit, generalized Hough
transform, or other curve-fitting approaches.

[0012] The invention can produce at least one numerical
quantity whose value is responsive to the touch-based ges-
ture made by the user, for example a change in the roll angle
of a finger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects, features and advan-
tages 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.

[0014] FIGS. 1a-1g depict a number of arrangements and
embodiments employing the HDTP technology.

[0015] FIGS. 2a-2¢ and FIGS. 3a-3b depict various inte-
grations of an HDTP into the back of a conventional
computer mouse as taught in U.S. Pat. No. 7,557,797 and in
pending U.S. patent application Ser. No. 12/619,678.
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[0016] FIG. 4 illustrates the side view of a finger lightly
touching the surface of a tactile sensor array.

[0017] 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.

[0018] FIG. 6 depicts a signal flow in a HDTP implemen-
tation.

[0019] FIG. 7 depicts a pressure sensor array arrangement.
[0020] FIG. 8 depicts a popularly accepted view of a

typical cell phone or PDA capacitive proximity sensor
implementation.

[0021] FIG. 9 depicts an implementation of a multiplexed
LED array acting as a reflective optical proximity sensing
array.

[0022] FIGS. 10a-10¢ 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.

[0023] FIG. 11 depicts an embodiment of an arrangement
comprising a video camera capturing the image of the
contact of parts of the hand with a transparent or translucent
surface.

[0024] FIGS. 124-12b depict an implementation of an
arrangement comprising a video camera capturing the image
of a deformable material whose image varies according to
applied pressure.

[0025] 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.
[0026] 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.

[0027] FIG. 15 shows a sensor-by-sensor compensation
arrangement.
[0028] FIG. 16 (adapted from <http://labs.moto.com/diy-

touchscreen-analysis/>) depicts the comparative perfor-
mance of a group of contemporary handheld devices
wherein straight lines were entered using the surface of the
respective touchscreens.

[0029] 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 technol-
ogy.

[0030] FIG. 18 suggests general ways in which two or
more of these independently adjustable degrees of freedom
adjusted at once.

[0031] FIG. 19 demonstrates a few two-finger multi-touch
postures or gestures from the many that can be readily
recognized by HDTP technology.

[0032] FIG. 20 illustrates the pressure profiles for a num-
ber of example hand contacts with a pressure-sensor array.
[0033] FIG. 21 depicts one of a wide range of tactile
sensor images that can be measured by using more of the
human hand

[0034] FIGS. 22a-22¢ depict various approaches to the
handling of compound posture data images.

[0035] FIG. 23 illustrates correcting tilt coordinates with
knowledge of the measured yaw angle, compensating for the
expected tilt range variation as a function of measured yaw
angle, and matching the user experience of tilt with a
selected metaphor interpretation.
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[0036] FIG. 24a depicts an embodiment wherein the raw
tilt measurement is used to make corrections to the geomet-
ric center measurement under at least conditions of varying
the tilt of the finger. FIG. 245 depicts an embodiment for
yaw angle compensation in systems and situations wherein
the yaw measurement is sufficiently affected by tilting of the
finger.

[0037] FIG. 25 shows an arrangement wherein raw mea-
surements of the six quantities of FIGS. 17a-17f, together
with multitouch parsing capabilities and shape recognition
for distinguishing contact with various parts of the hand and
the touchpad can be used to create a rich information flux of
parameters, rates, and symbols.

[0038] FIG. 26 shows an approach for incorporating pos-
ture recognition, gesture recognition, state machines, and
parsers to create an even richer human/machine tactile
interface system capable of incorporating syntax and gram-
mars.

[0039] FIGS. 27a-27d depict operations acting on various
parameters, rates, and symbols to produce other parameters,
rates, and symbols, including operations such as sample/
hold, interpretation, context, etc.

[0040] FIG. 28 depicts a user interface input arrangement
incorporating one or more HDTPs that provides user inter-
face input event and quantity routing.

[0041] FIGS. 294-29¢ depict methods for interfacing the
HDTP with a browser.

[0042] FIG. 30a depicts a user-measurement training pro-
cedure wherein a user is prompted to touch the tactile sensor
array in a number of different positions. FIG. 306 depicts
additional postures for use in a measurement training pro-
cedure for embodiments or cases wherein a particular user
does not provide sufficient variation in image shape the
training. FIG. 30¢ depicts boundary-tracing trajectories for
use in a measurement training procedure.

[0043] FIG. 31 depicts an HDTP signal flow chain for an
HDTP realization implementing multi-touch, shape and con-
stellation (compound shape) recognition, and other features.

[0044] FIG. 32 depicts the incorporation of edge detection,
curve-fitting, and calculations operating on curve parameters
from the fitted curves as components within “Parameter
Calculation” entities (or their equivalents in other embodi-
ments and architectures).

[0045] FIGS. 33a-335 depict pressure or proximity images
the first few steps of a roll motion as measured by a noisy
and uncalibrated tactile sensor array as the finger begins
rolling from a counterclockwise extreme towards a centered
rest position.

[0046] FIGS. 34a-34c¢ depict pressure or proximity images
progressive steps of the role motion in the angular neigh-
borhood of a centered rest position.

[0047] FIG. 35 depicts a pressure or proximity image the
as the finger begins rolls into a clockwise extreme from the
centered rest position.

[0048] FIG. 36 depicts an embodiment wherein tactile
image data is directed to a Canny Edge detection algorithm.
[0049] FIG. 37 depicts an alternate embodiment wherein
the additional processing operations of additional processing
operations such as those represented in FIG. 36 are supple-
mented by additional information, for example as can be
obtained by other types of processing on the tactile image
data.
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[0050] FIG. 38 depicts an alternate embodiment wherein
the image is preprocessed according to information provided
by analysis of the image data.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] In the following, numerous specific details are set
forth to provide a thorough description of various embodi-
ments. Certain embodiments may be practiced without these
specific details or with some variations in detail. In some
instances, certain features are described in less detail so as
not to obscure other aspects. The level of detail associated
with each of the elements or features should not be construed
to qualify the novelty or importance of one feature over the
others.

[0052] In the following description, reference is made to
the accompanying drawing figures which form a part hereof,
and which show by way of illustration specific embodiments
of the invention. It is to be understood by those of ordinary
skill in this technological field that other embodiments may
be utilized, and structural, electrical, as well as procedural
changes may be made without departing from the scope of
the present invention.

[0053] Despite the many popular touch interfaces and
gestures in contemporary information appliances and com-
puters, 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, pending U.S. patent application Ser. Nos. 11/761,978,
12/418,605, 12/502,230, 12/541,948, and related pending
U.S. patent applications. These patents and patent applica-
tions also address popular contemporary gesture and touch
features. The enhanced user interface features taught in these
patents and patent applications, together with popular con-
temporary gesture and touch features, can be rendered by the
“High Definition Touch Pad” (HDTP) technology taught in
those patents and patent applications.

[0054] The present patent application addresses additional
technologies for feature and performance improvements of
HDTP technologies. Specifically, this patent application
addresses a curve-fitting approach to HDTP parameter
extraction.

Overview of HDTP User Interface Technology

[0055] Before providing details specific to the present
invention, some embodiments of HDTP technology is pro-
vided. This will be followed by a summarizing overview of
HDTP technology. With the exception of a few minor
variations and examples, the material presented in this
overview section is draw from U.S. Pat. No. 6,570,078,
pending U.S. patent application Ser. Nos. 11/761,978,
12/418,605, 12/502,230, 12/541,948, 12/724,413, 13/026,
248, and related pending U.S. patent applications and is
accordingly attributed to the associated inventors.

Embodiments Employing a Touchpad and
Touchscreen form of a HDTP

[0056] FIGS. 1a-1g (adapted from U.S. patent application
Ser. No. 12/418,605) and 2a-2e (adapted from U.S. Pat. No.
7,557,797) depict a number of arrangements and embodi-
ments employing the HDTP technology. FIG. 1a illustrates
an HDTP as a peripheral that can be used with a desktop
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computer (shown) or laptop) not shown). FIG. 15 depicts an
HDTP integrated into a laptop in place of the traditional
touchpad pointing device. In FIGS. 1a-15 the HDTP tactile
sensor can be a stand-alone component or can be integrated
over a display so as to form a touchscreen. FIG. 1¢ depicts
an HDTP integrated into a desktop computer display so as
to form a touchscreen. FIG. 1d shows the HDTP integrated
into a laptop computer display so as to form a touchscreen.

[0057] FIG. 1le depicts an HDTP integrated into a cell
phone, smartphone, PDA, or other hand-held consumer
device. FIG. 1f shows an HDTP integrated into a test
instrument, portable service-tracking device, portable ser-
vice-entry device, field instrument, or other hand-held indus-
trial device. In FIGS. 1e-1f'the HDTP tactile sensor can be
a stand-alone component or can be integrated over a display
so as to form a touchscreen.

[0058] FIG. 1g depicts an HDTP touchscreen configura-
tion that can be used in a tablet computer, wall-mount
computer monitor, digital television, video conferencing
screen, kiosk, etc.

[0059] In at least the arrangements of FIGS. 14, 1c, 14,
and 1g, or other sufficiently large tactile sensor implemen-
tation of the HDTP, more than one hand can be used an
individually recognized as such.

Embodiments Incorporating the HDTP into a
Traditional or Contemporary Generation Mouse

[0060] FIGS. 2a-2¢ and FIGS. 3a-35 (these adapted from
U.S. Pat. No. 7,557,797) depict various integrations of an
HDTP into the back of a conventional computer mouse. Any
of these arrangements can employ a connecting cable, or the
device can be wireless.

[0061] In the integrations depicted in FIGS. 2a-2d the
HDTP tactile sensor can be a stand-alone component or can
be integrated over a display so as to form a touchscreen.
Such configurations have very recently become popularized
by the product release of Apple “Magic Mouse™” although
such combinations of a mouse with a tactile sensor array on
its back responsive to multitouch and gestures were taught
earlier in pending U.S. patent application Ser. No. 12/619,
678 (priority date Feb. 12, 2004) entitled “User Interface
Mouse with Touchpad Responsive to Gestures and Multi-
Touch.”

[0062] In another embodiment taught in the specification
of issued U.S. Pat. No. 7,557,797 and associated pending
continuation applications more than two touchpads can be
included in the advance mouse embodiment, for example as
suggested in the arrangement of FIG. 2e. As with the
arrangements of FIGS. 2a-2d, one or more of the plurality of
HDTP tactile sensors or exposed sensor areas of arrange-
ments such as that of FIG. 2¢ can be integrated over a
display so as to form a touchscreen. Other advance mouse
arrangements include the integrated trackball/touchpad/
mouse combinations of FIGS. 34-35 taught in U.S. Pat. No.
7,557,797.

Overview of HDTP User Interface Technology

[0063] The information in this section provides an over-
view of HDTP user interface technology as described in U.S.
Pat. No. 6,570,078, pending U.S. patent application Ser.
Nos. 11/761,978, 12/418,605, 12/502,230, 12/541,948, and
related pending U.S. patent applications.






