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The functionality of a conventional mouse is extended to
%g{gﬁ?ﬁéﬁf N[A(i?dlrli?s[ provide an extended number of simultaneously adjustable
i user interface parameters employing one or more user-
gsAON ]I?')IEEEEEZ; 9SZIE)T1E(S§;) 0 removable modules. In an embodiment, a user interface for
’ controlling an external device, such as a computer, includes
(21) Appl. No.: 11/008,892 a first user interface sensor configured with a housing. This
first sensor generates a first plurality of signals responsive to
(22) Filed: Dec. 10, 2004 movement of the housing relative to two orthogonal axes. A
L compartment is configured with the housing and is sized to
Related U.S. Application Data receive the user-removable module. This user-removable
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erated by the first and second user interface sensors. In
Publication Classification another embodiment, the housing of an extended function-
ality mouse itself serves as a module removable from a
(51) Int. CL7 oo eeiine s G09G 5/00 compartment provided in another physical device.
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MOUSE-BASED USER INTERFACE DEVICE
EMPLOYING USER-REMOVABLE MODULES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part (CIP) of
U.S. application Ser. No. 10/806,694, filed Mar. 22, 2004,
which is a continuation of U. S. application 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] In an embodiment, the functionality of a conven-
tional mouse is extended to provide an extended number of
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simultaneously adjustable user interface parameters employ-
ing one or more user-removable modules. In an embodi-
ment, a user interface for controlling an external device,
such as a computer, includes a first user interface sensor
configured with a housing. This first sensor generates a first
plurality of signals responsive to movement of the housing
relative to two orthogonal axes. A compartment is config-
ured with the housing and is sized to receive the user-
removable module. This user-removable module contains a
second user interface sensor, which generates a second
plurality of signals responsive to user manipulation. Output
is provided responsive to signals generated by the first and
second user interface sensors. In another embodiment, the
housing of an extended functionality mouse itself serves as
a module removable from a compartment provided in
another physical device.

[0009] Other embodiments of the invention include 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.

[0010] 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.

[0011] 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.

[0012] 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.

[0013] 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

























































