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HIGH PARAMETER-COUNT TOUCHPAD
CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 09/812,400, filed Mar. 19, 2001, which is a
division of U.S. application Ser. No. 09/313,533, filed May
15, 1999, now U.S. Pat. No. 6,610,917, issued Aug. 26,
2003, which claims benefit of priority of U.S. provisional
application Ser. No. 60/085,713, filed May 15, 1998.

FIELD OF INVENTION

[0002] The present invention relates generally to a control
system, and in particular, to a tactile input controller for
controlling an associated system.

SUMMARY OF THE INVENTION

[0003] Touchpad user interfaces for controlling external
systems such as computers, machinery, and process envi-
ronments via at least three independent control signals. The
touchpad may be operated by hand, other parts of the body,
or inanimate objects. Such an interface affords a wide range
of uses in computer applications, machine and process
control, and assistance to the disabled. In one embodiment
simple contact position-sensing touchpads, producing con-
trol signals responsive to a contact region, are enhanced to
provide several independent control signals. Enhancements
may include velocity sensors, pressure sensors, and elec-
tronic configurations measuring contact region widths.
Touch-screens positioned over visual displays may be
adapted. According to other aspects pressure-sensor array
touchpads are combined with image processing to respon-
sively calculate parameters from contact regions. Six inde-
pendent control parameters can be derived from each region
of contact. These may be easily manipulated by a user. In
one implementation, smaller pressure-sensor arrays are
combined with data acquisition and processing into a chip
that can be tiled in an array.

DESCRIPTION OF THE DRAWINGS

[0004] 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, wherein:

[0005] FIG. 1 shows an example of how two independent
contact points can be independently discerned, or the dimen-
sional-width of a single contact point can be discerned, for
a resistance null/contact controller with a single conductive
contact plate or wire and one or more resistive elements
whose resistance per unit length is a fixed constant through
each resistive element;

[0006] FIG. 2 shows how a pressure-sensor array touch-
pad can be combined with image processing to assign
parameterized interpretations to measured pressure gradi-
ents and output those parameters as control signals;

[0007] FIG. 3 illustrates the positioning and networking of
pressure sensing and processing “mini-array” chips in larger
contiguous structures;
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[0008] FIG. 4 illustrates the pressure profiles for a number
of example hand contacts with a pressure-sensor array;

[0009] FIG. 5 illustrates how six degrees of freedom can
be recovered from the contact of a single finger; and

[0010] FIG. 6 illustrates examples of single, double, and
quadruple touch-pad instruments with pads of various sizes
and supplemental instrument elements.

DETAILED DESCRIPTION
Overview

[0011] Described herein are two kinds of novel touch-
pads. Null/contact touchpads are contact-position sensing
devices that normally are in a null state unless touched and
produce a control signal when touched whose signal value
corresponds to typically one unique position on the touch-
pad. A first enhancement is the addition of velocity and/or
pressure sensing. A second enhancement is the ability to
either discern each dimensional-width of a single contact
area or, alternatively, independently discern two indepen-
dent contact points in certain types of null/contact control-
lers. A third possible enhancement is that of employing a
touch-screen instance of null/contact touch pad and posi-
tioning it over a video display.

[0012] The invention also provides for a pressure-sensor
array touch-pad. A pressure-sensor array touch-pad of
appropriate sensitivity range, appropriate “pixel” resolution,
and appropriate physical size is capable of measuring pres-
sure gradients of many parts of the human hand or foot
simultaneously. A pressure-sensor array touch-pad can be
combined with image processing to assign parameterized
interpretations to measured pressure gradients and output
those parameters as control signals. The pressure-sensor
“pixels” of a pressure-sensor array are interfaced to a data
acquisition stage; the data acquisition state looks for sensor
pixel pressure measurement values that exceed a low-level
noise-rejection/deformity-reject  threshold;  contiguous
regions of sufficiently high pressure values are defined; the
full collection of region boundaries are subjected to classi-
fication tests; various parameters are derived from each
independent region; and these parameters are assigned to the
role of specific control signals which are then output to a
signal routing, processing, and synthesis entity.

[0013] Tt is possible to derive a very large number of
independent control parameters which are easily manipu-
lated by the operating user. For example, six degrees of
freedom can be recovered from the contact of a single finger.
A whole hand posture can yield 17 instantaneously and
simultaneously measurable parameters which are indepen-
dently adjustable per hand. The recognized existence and/or
derived parameters from postures and gestures may be
assigned to specific outgoing control signal formats and
ranges. The hand is used throughout as an example, but it is
understood that the foot or even other body regions, animal
regions, objects, or physical phenomena can replace the role
of the hand.

[0014] Tt will be evident to one of ordinary skill in the art
that it is advantageous to have large numbers of instanta-
neously and simultaneously measurable parameters which
are independently adjustable. For instance, a symbol in a
2-D CAD drawing can be richly interactively selected and
installed or edited in moments as opposed to tens to hun-
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dreds of seconds as is required by mouse manipulation of
parameters one or two at a time and the necessary mode-
changes needed to change the mouse action interpretation.
As a result, said touch-pad has applications in computer
workstation control, general real-time machine control,
computer data entry, and computer simulation environ-
ments.

[0015] Various hardware implementations are possible. A
particularly advantageous implementation would be to
implement a small pressure-sensor array together with data
acquisition and a small processor into a single chip package
that can be laid as tiles in a larger array.

Null/Contact Touch-Pads

[0016] Distinguished from panel controls and sensors are
what will be termed null/contact touch-pads. This is a class
of contact-position sensing devices that normally are in a
null state unless touched and produce a control signal when
touched whose signal value corresponds to typically one
unique position on the touch-pad. Internal position sensing
mechanisms may be resistive, capacitive, optical, standing
wave, etc. Examples of these devices include one-dimen-
sional-sensing ribbon controllers found on early music syn-
thesizers, two-dimensional-sensing pads such as the early
Kawala pad and more modern mini-pads found on some
lap-top computers, and two-dimensional-sensing see-
through touch-screens often employed in public computer
kiosks.

[0017] The null condition, when the pad is untouched,
requires and/or provides the opportunity for special han-
dling. Some example ways to handle the untouched condi-
tion include:

[0018] a sample-hold (hold values issued last time sen-
sor was touched, as does a joystick)

[0019] bias (issue maximal-range value, minimal-range
value, mid-range value, or other value)

[0020] touch-detect on another channel (i.e., a separate
out-of-band “gate” channel).

[0021] Additional enhancements can be added to the adap-
tation of null/contact touch-pad controllers as instrument
elements. A first enhancement is the addition of velocity
and/or pressure sensing. This can be done via global impact
and/or pressure-sensors. An extreme of this is implementa-
tion of the null/contact touch-pad controller as a pressure-
sensor array; this special case and its many possibilities are
described later.

[0022] A second enhancement is the ability to either
discern each dimensional-width of a single contact area or,
alternatively, independently discern two independent con-
tact points in certain types of null/contact controllers. FIG.
1 shows an example of how two independent contact points
can be independently discerned, or the dimensional-width of
a single contact point can be discerned, for a resistance
null/contact controller with a single conductive contact plate
(as with the Kawala pad product) or wire (as in a some types
of ribbon controller products) and one or more resistive
elements whose resistance per unit length is a fixed constant
through each resistive element. It is understood that a
one-dimensional null/contact touch-pad typically has one
such resistive element while a two-dimensional null/contact
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touch-pad typically has two such resistive elements that
operate independently in each direction.

[0023] Referring to FIG. 1, a constant current source can
be applied to the resistive element as a whole, developing a
fixed voltage across the entire resistive element. When any
portion of the resistive element is contacted by either a
non-trivial contiguous width and/or multiple points of con-
tact, part of the resistive element is shorted out, thus reduc-
ing the overall width-to-end resistance of the resistance
element. Because of the constant current source, the voltage
developed across the entire resistive element drops by an
amount equal to the portion of the resistance that is shorted
out.

[0024] The value of the voltage drop then equals a value
in proportion to the distance separating the extremes of the
wide and/or multiple contact points. By subtracting the
actual voltage across the entire resistive element from the
value this voltage is normally, a control voltage proportional
to distance separating the extremes of the wide and/or
multiple contact points is generated. Simultaneously, the
voltage difference between that of the contact plate/wire and
that of the end of the resistive element closest to an extremal
contact point is still proportional to the distance from said
end to said extremal contact point. Using at most simple
op-amp summing and/or differential amplifiers, a number of
potential control voltages can be derived; for example one or
more of these continuously-valued signals:

[0025] wvalue of distance difference between extremal
contact points (or “width”; as described above via
constant current source, nominal reference voltage, and
differential amplifier)

[0026] center of a non-trivial-width region (obtained by
simple averaging, i.e., sum with gain of /%)

[0027] wvalue of distance difference between one end of
the resistive element and the closest extremal contact
point (simple differential amplifier)

[0028] wvalue of distance difference between the other
end of the resistive element and the other extremal
contact point (sum above voltage with “width” voltage
with appropriate sign).

[0029] Further, through use of simple threshold compara-
tors, specific thresholds of shorted resistive element can be
deemed to be, for example, any of a single point contact, a
recognized contact region width, two points of contact, etc.,
producing corresponding discrete-valued control signals.
The detection of a width can be treated as a contact event for
a second parameter analogous to the single contact detection
event described at the beginning. Some example usages of
these various continuous and discrete signals are:

[0030] existence of widths or multiple contact points
may be used to trigger events or timbre changes

[0031] degree of widths may be used to control degrees
of modulation or timbre changes

[0032] independent measurement of each extremal con-
tact point from the same end of the resistive element
can be used to independently control two parameters.
In the simplest form, one parameter is always larger
than another; in more complex implementations, the
trajectories of each contact point can be tracked (using
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a differentiator and controlled parameter assignment
switch); as long as they never simultaneously touch,
either parameter can vary and be larger or smaller than
the other.

[0033] Tt is understood that analogous approaches may be
applied to other null/contact touch-pad technologies such as
capacitive or optical.

[0034] A third possible enhancement is that of employing
a touch-screen instance of null/contact touch-pad and posi-
tioning it over a video display. The video display could for
example provide dynamically assigned labels, abstract spa-
tial cues, spatial gradients, line-of-site cues for fixed or
motor-controlled lighting, etc. which would be valuable for
use in conjunction with the adapted null/contact touch-pad
controller.

[0035] These various methods of adapted null/contact
touch-pad elements can be used stand-alone or arranged in
arrays. In addition, they can be used as a component or
addendum to instruments featuring other types of instrument
elements.

Pressure-Sensor Array Touch-Pads

[0036] The invention provides for use of a pressure-sensor
array arranged as a touch-pad together with associated
image processing. As with the null/contact controller, these
pressure-sensor array touch-pads may be used stand-alone or
organized into an array of such pads.

[0037] It is noted that the inventor’s original vision of the
below described pressure-sensor array touch-pad was for
applications not only in music but also for computer data
entry, computer simulation environments, and real-time
machine control, applications to which the below described
pressure-sensor array touch-pad clearly can also apply.

[0038] A pressure-sensor array touch-pad of appropriate
sensitivity range, appropriate “pixel” resolution, and appro-
priate physical size is capable of measuring pressure gradi-
ents of many parts of the flexibly-rich human hand or foot
simultaneously. FIG. 2 shows how a pressure-sensor array
touch-pad can be combined with image processing to assign
parameterized interpretations to measured pressure gradi-
ents and output those parameters as control signals.

[0039] The pressure-sensor “pixels” of a pressure-sensor
array touch-pad 1300 are interfaced to a data acquisition
stage 1301. The interfacing method may be fully parallel but
in practice may be advantageously scanned at a sufficiently
high rate to give good dynamic response to rapidly changing
human touch gestures. To avoid the need for a buffer
amplifier for each pressure-sensor pixel, electrical design
may carefully balance parasitic capacitance of the scanned
array with the electrical characteristics of the sensors and the
scan rates; electrical scanning frequencies can be reduced by
partitioning the entire array into distinct parts that are
scanned in parallel so as to increase the tolerance for address
settling times and other limiting processes.

[0040] Alternatively, the pressure-sensor array 1300 may
be fabricated in such a way that buffer amplifier arrays can
be inexpensively attached to the sensor array 1300, or the
sensors may be such that each contains its own buffer
amplifier; under these conditions, design restrictions on
scanning can be relaxed and operate at higher speeds.
Although the pressure-sensors may be likely analog in
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nature, a further enhancement would be to use digital-output
pressure-sensor elements or sub-arrays.

[0041] The data acquisition stage 1301 looks for sensor
pixel pressure measurement values that exceed a low-level
noise-rejection/deformity-rejection threshold. The suffi-
ciently high pressure value of each such sensor pixel is noted
along with the relative physical location of that pixel (known
via the pixel address). This noted information may be stored
“raw” for later processing and/or may be subjected to simple
boundary tests and then folded into appropriate running
calculations as will be described below. In general, the
pressure values and addresses of sufficiently high pressure
value pixels are presented to a sequence of processing
functions which may be performed on the noted informa-
tion:

[0042] contiguous regions of sufficiently high pressure
values are defined (a number of simple run-time adja-
cency tests can be used; many are known—see for
example [Ronse; Viberg; Shaperio; Hara])

[0043] the full collection of region boundaries are sub-
jected to classification tests; in cases a given contiguous
region may be split into a plurality of tangent or
co-bordered independently recognized regions

[0044] wvarious parameters are derived from each inde-
pendent region, for example geometric center, center of
pressure, average pressure, total size, angle-of-rotation-
from-reference for non-round regions, second-order
and higher-order geometric moments, second-order and
higher-order pressure moments, etc.

[0045] assignment of these parameters to the role of
specific control signals (note events, control param-
eters, etc.) which are then output to a signal routing,
processing, and synthesis entity; for example, this may
be done in the form of MIDI messages.

[0046] Because of the number of processes involved in
such a pipeline, it is advantageous to follow a data acqui-
sition stage 1301 with one or more additional processing
stages 1303, 1305, 1309, and 1311. Of the four example
processing functions just listed, the first three fall in the
character of image processing. It is also possible to do a
considerable amount of the image processing steps actually
within the data acquisition step, namely any of simple
adjacency tests and folding selected address and pressure
measurement information into running sums or other run-
ning pre-calculations later used to derive aforementioned
parameters. The latter method can be greatly advantageous
as it can significantly collapse the amount of data to be
stored.

[0047] Regardless of whether portions of the image pro-
cessing are done within or beyond the data acquisition stage,
there are various hardware implementations possible. One
hardware approach would involve very simple front-end
scanned data acquisition hardware and a single high-
throughput microprocessor/signal-processor chip. Alterna-
tively, an expanded data acquisition stage may be imple-
mented in high-performance dedicated function hardware
and this would be connected to a lower performance pro-
cessor chip. A third, particularly advantageous implementa-
tion would be to implement a small pressure-sensor array
together with data acquisition and a small processor into a
single low-profile chip package that can be laid as tiles in a












