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(7) ABSTRACT

A freely-rotating trackball for simultaneously detecting one,
two, or three independent directions of its non-rotational
displacement, and as many as three independent directions
(roll, pitch, and yaw) of its rotation. In various implemen-
tations, non-rotational displacement of the trackball may be
measured or interpreted as a widely-varying user interface
parameter or as a discrete “click” event. Signal processing
may be used to derive three independent rotation compo-
nents (roll, pitch, and yaw) from more primitive sensor
measurements of the trackball. The invention provides for
trackball displacement and rotation to be sensed by a variety
of sensing techniques including optical, magnetic, electro-
magnetic, capacitive, resistive, acoustic, resonance, and
polarization sensor. The system may be used to provide an
extended number of simultaneously interactive user inter-
face parameters, and may itself be incorporated into larger
user interface structures, such as a mouse body.
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FREELY ROTATING TRACKBALL PROVIDING
ADDITIONAL CONTROL PARAMETER
MODALITIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/779,368, filed Feb. 13, 2004.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] This invention relates to user interface devices for
use with a computer, and in particular to computer mice,
trackballs, touchpads, multiple-parameter pointing and data
entry devices, and user interface metaphors.

[0004] 2. Description of the Related Art

[0005] User interface devices for data entry and graphical
user interface pointing have been known for many years.
The most common devices include the computer mouse
(usually attributed to English, Engelbart, and Berman “Dis-
play-Selection Techniques for Text Manipulation, IEEE
Transactions on Human Factors in Electronics, pp. 5-15, vol.
HFE-8, No. 1, March 1967), the trackball, the touchpad in
both finger-operated (for example, the various finger-oper-
ated devices produced by Symantec Corp., of Springfield,
Oreg.) and stylus-operated (for example, products used with
desktop workstation computers—Wacom Technology
Corp., of Vancouver, Wash.) versions, and display-overlay
touchscreens. Other historical and exotic devices include
various types of light pens and the Data Glove™ (produced
by VPL Research, Inc., of Redwood City, Calif.).

[0006] Most user interface devices for data entry and
graphical user interface pointing commonly used with com-
puters or with equipment providing computer-like user
interfaces have two wide-range parameter adjustment capa-
bilities that are usually assigned to the task of positioning a
screen cursor within a two-dimensional display. In many
cases, one, two, or three binary-valued “discrete-event”
controls are provided, typically in the form of spring-loaded
push-buttons.

[0007] More recently, computer mice have emerged that
provide an additional “scroll” finger-wheel adjustment (for
example, between two control buttons) to provide a third
wide-range parameter adjustment capability (for example,
various products developed by Logitech Inc., of Fremont,
Calif.). A mouse of this configuration is often referred to as
a “Scroll Mouse” since this third wide-range parameter is
typically assigned the task of positioning a vertical scroll bar
in an actively selected window. This additional finger-wheel
adjustment may also operate as a spring-loaded push-button,
thus providing an additional binary-valued “discrete-event”
control. Typically this additional binary-valued “discrete-
event” control is used to turn on and off an automatic
scrolling feature which controls the rate and direction of
automatic scrolling according to vertical displacement of the
displayed cursor.

SUMMARY OF THE INVENTION

[0008] Embodiments of the invention include a freely-
rotating trackball for simultaneously detecting one, two, or
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three independent directions of its non-rotational displace-
ment, and as many as three independent directions (roll,
pitch, and yaw) of its rotation. In various implementations,
non-rotational displacement of the trackball may be mea-
sured or interpreted as a widely-varying user interface
parameter or as a discrete “click” event. Signal processing
may be used to derive three independent rotation compo-
nents (roll, pitch, and yaw) from more primitive sensor
measurements of the trackball. The invention provides for
trackball displacement and rotation to be sensed by a variety
of sensing techniques including optical, magnetic, electro-
magnetic, capacitive, resistive, acoustic, resonance, and
polarization sensor. The system may be used to provide an
extended number of simultaneously interactive user inter-
face parameters, and may itself be incorporated into larger
user interface structures, such as a mouse body.

[0009] In accordance with embodiments of the invention,
a traditional hand-movable computer mouse is configured
with an additional user interface sensor. For convenience,
the term “user interface sensor” will be used herein to
collectively refer to devices such as trackballs, touchpads,
mouse devices, scroll-wheels, joysticks, and other such
devices.

[0010] Inone aspect of the invention, the addition of a user
interface sensor provides alternative physical modalities for
the same pair of adjustable parameters so that a user may
switch between using the user interface device as a tradi-
tional hand-movable computer mouse and using the user
interface device as a trackball or touchpad.

[0011] In another aspect of the invention, the addition of
a user interface sensor provides alternative resolution
modalities for the same pair of adjustable parameters so that
a user may switch between using the invention as a tradi-
tional hand-movable computer mouse to obtain one level of
parameter adjustment resolution, and using the invention as
a trackball or touchpad, for example, to obtain a different
level of parameter adjustment resolution.

[0012] In another aspect of the invention, the addition of
a user interface sensor provides alternative types of warping
modalities for the same pair of adjustable parameters so that
a user may switch between using the invention as a tradi-
tional hand-movable computer mouse to obtain one type of
parameter adjustment (for example, linear) and using the
invention as a trackball or touchpad, for example, to obtain
a different type of parameter adjustment (for example,
logarithmic, gamma-corrected, arccosine, exponential, etc.).

[0013] In another aspect of the invention, the addition of
a user interface sensor provides alternative offset modalities
for the same pair of adjustable parameters so that a user may
switch between using the invention as a traditional hand-
movable computer mouse to obtain one type of centering of
parameter adjustment and using the invention as a trackball
or touchpad, for example, to obtain a different centering of
parameter adjustment.

[0014] In another aspect of the invention, the addition of
a user interface sensor may be used to provide additional
parameters that may be simultaneously controlled.

[0015] In another aspect of the invention, the addition of
a user interface sensor may be used to provide additional
parameters that are of a different isolated context from those
assigned to a traditional hand-movable computer mouse.
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[0016] In a further more detailed aspect of the invention,
the addition of a touchpad may be used to provide many
additional parameters that are of a different context than
those of a traditional hand-movable computer mouse.

[0017] In a further more detailed aspect of the invention,
the touchpad may be a null-contact touchpad adapted to
measure at least one maximum spatial span of contact in a
given direction.

[0018] Ina yet further detailed aspect of the invention, the
null-contact touchpad is adapted to measure at least one
maximum spatial span of contact in a given direction at a
specifiable angle.

[0019] In an additional further detailed aspect of the
invention, the null-contact touchpad is adapted to measure
pressure applied to the null-contact touchpad.

[0020] In a further more detailed aspect of the invention,
the touchpad may comprise a pressure sensor array touchpad
adapted to measure, among other things, one or more of the
following: the rocking position of a contacting finger in a
given direction; the rotational position of a contacting finger;
the pressure of a contacting finger; and parameters relating
to a plurality of contacting fingers.

[0021] In another aspect of the invention the addition of a
user interface sensor may be realized via a replaceable
module accepted by an adaptation of a traditional hand-
movable computer mouse. In this implementation, a user
may initially obtain the invention in one configuration and
field-moditfy it to another configuration.

[0022] In another aspect of the invention, a traditional
hand-movable computer mouse may be implemented as a
removable module in a laptop computer or other affiliated
equipment, and may include a wireless link with the laptop
computer or other affiliated equipment.

[0023] In yet a further aspect of the invention, a traditional
hand-movable computer mouse is implemented as a remov-
able module in a laptop computer or other affiliated equip-
ment, and the mouse further comprises a user interface
sensor.

[0024] In another aspect of the invention, a traditional
hand-movable computer mouse additionally comprises a
trackball or touchpad, for example. In this aspect, the mouse
comprises a wireless link to an associated computer or other
affiliated equipment.

[0025] In another aspect of the invention, a visual display
is provided.

[0026] In another aspect of the invention, auditory output
is provided.

[0027] In another aspect of the invention, two or more
individual user interface sensors may be combined without
incorporation of such sensors with a traditional hand-mov-
able computer mouse.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] 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:
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[0029] FIGS. 1a-1i illustrate various exemplary imple-
mentations involving merging, selecting, multiplexing, and
preprocessing distributed in various ways between the body
of the user interface device and an associated piece of
equipment;

[0030] FIGS. 2a-2¢ depict an embodiment of the inven-
tion comprising a traditional mouse fitted with a trackball,
illustrating three exemplary button configurations;

[0031] FIGS. 3a-3¢ depict an embodiment of the inven-
tion comprising a traditional mouse fitted with a touchpad,
illustrating three exemplary button configurations;

[0032] FIGS. 4a-4d depict various exemplary degrees of
freedom that may be measurably assigned to a trackball for
interactively controlling parameters in a user interface;

[0033] FIG. 4e depicts a freely rotating trackball and
associated displacement and rotation sensors;

[0034] FIGS. 5a-5d depict various exemplary degrees of
freedom that may be measurably assigned to a touchpad for
interactively controlling parameters in a user interface;

[0035] FIG. 6 depicts an exemplary implementation of the
invention directed towards the control of both a traditional
text cursor and a dual-scrollbar in a typesetting application;

[0036] FIG. 7 depicts an exemplary implementation of the
invention directed towards the active selection from a clip-
art or symbol library and adjustment of positioning or other
attributes of the active selection in a drawing or layout
application;

[0037] FIG. 8 is a flowchart showing exemplary opera-
tions and overhead involved in selecting and adjusting a
specific pair of parameters from among a larger group of
adjustable parameters;

[0038] FIGS. 94-9b illustrate how the exemplary opera-
tions and overhead depicted in FIG. 8 introduce excessive
overhead in situations where many parameters with a larger
group of adjustable parameters must be adjusted in pairs;

[0039] FIGS. 104-10b illustrate one technique for adding
an additional scroll-wheel to a conventional scroll-wheel
mouse;

[0040] FIGS. 11a-11b illustrate a simple example of open
adjustments being made within various levels of hierarchy
of graphical object groupings;

[0041] FIG. 12 illustrates aspects of the 3D orientation of
an object in 3-dimensional space, and in particular the three
coordinates of position and the three angles of rotation;

[0042] FIGS. 134-13b illustrate one technique for using
two cursors in a text cut-and-paste operation; and

[0043] FIGS. 144-144 illustrate exemplary embodiments
of a mouse where the traditional mouse buttons have been
replaced by trackballs or touchpads.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0044] 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













































