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AN INPUT DEVICE AND A METHOD FOR PROVIDING A SCROLLING
INPUT TO A COMPUTING DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. continuation-in-part Patent
Application No. 17/030,211 filed September 23, 2020, the contents of which are

incorporated herein by reference to their entirety.

Technical Field

[0002] Embodiments generally relate to an input device and a method for providing

a scrolling input to a computing device.

Background

[0003] Input devices for communication with a processor-based device generally
include mice, track balls, joysticks, handheld controllers, touch pads, keyboards, or the
like. These input devices are typically used to provide inputs to the processor-based
device such that a user may interact with a graphical user interface (GUI) of an
application running on the processor-based device. The input devices may include a
rotatable member, such as a scroll wheel, for the user to scroll through lines of texts or
various graphical objects in a page of the application. The achievable scrolling speed
in the application, for example, the number of lines scrolled through per second, is
typically directly linked to and limited by the angular velocity of the scroll wheel. The
maximum achievable angular velocity of the scroll wheel depends on the mechanical
design of the scroll wheel which is constrained by size, weight, and cost. Depending on
the type of application the user is using, for example from gaming applications to
document processing applications, the user may desire to scroll at a faster speed than
allowable by the mechanism of the scroll wheel, or to scroll through a long page with

less effort. This may not be achievable with the existing input devices.
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Summary

[0004] According to various embodiments, an input device may be provided. The
input device may include a rotatable member, virtual scroll controller and a host
interface block. The virtual scroll controller may be configured to select a virtual scroll
state from a plurality of virtual scroll states based on a rotational velocity of the
rotatable member. Each virtual scroll state may be associated with a respective output
function. The virtual scroll controller may be further configured to compute an output
velocity according to the output function associated with the selected virtual scroll state.
The virtual scroll controller may also be configured to generate a virtual position count
based on the computed output velocity. The host interface block may be configured to
send the generated virtual position count to a computing device connected to the input
device.

[0005] According to various embodiments, a method of providing a scrolling input to
a computing device may be provided. The method may include selecting a virtual scroll
state from a plurality of virtual scroll states based on a rotational velocity of a rotatable
member of an input device. Each virtual scroll state may be associated with a respective
output function. The method may further include computing an output velocity
according to the output function associated with the selected virtual scroll state,
generating a virtual position based on the computed output velocity, and sending the

generated virtual position count to a computing device connected to the input device.

Brief description of the drawings

[0006] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments are described with reference to the

following drawings, in which:
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FIG. 1A shows a perspective front view of an input device, in the form of a
mouse, for communication with a processor-based device according to various
embodiments;

FIG. 1B shows an enlarged perspective front view of a front portion of the
mouse of FIG. 1A according to various embodiments;

FIG. 2A shows a perspective bottom view of the mouse of FIG. 1A according
to various embodiments;

FIG. 2B shows an enlarged bottom front view of a front bottom portion of the
mouse of FIG. 1A according to various embodiments;

FIG. 3A shows a perspective view of a base portion of a housing of the mouse
of FIG. 1A according to various embodiments;

FIG. 3B shows an enlarged view of a front portion of the base portion of the
housing of FIG. 3A according to various embodiments;

FIG. 3C shows another enlarged view of a front portion of the base portion of
the housing of FIG. 3A according to various embodiments;

FIG. 4A to FIG. 4D show various views of an assembly of a scroll wheel and
an auxiliary wheel of the mouse of FIG. 2A according to various embodiments;

FIG. 5A and FIG. 5B show various views of an assembly of a scroll wheel and
an auxiliary wheel of a mouse according to various embodiments;

FIG. 6A to FIG. 6D show various views of another assembly of the scroll wheel
and a motion converter for the mouse of FIG. 1A according to various embodiments;

FIG. 7A and FIG. 7B show the assembly of FIG. 6A to FIG. 6D in the resistive-
wheeling mode; and

FIG. 8A and FIG. 8B show the assembly of FIG. 6A to FIG. 6D in the free-
wheeling mode.

FIG. 9A shows a conceptual diagram of an input device according to various
embodiments, and FIG. 9B shows a block diagram of the input device of FIG. 9A.

FIGS. 10A to 10C are graphs that illustrate the relationship between an input
velocity and an output velocity in a virtual scroll mode, according to various
embodiments.

FIG. 11 shows processes relating to each virtual scroll state as described with

respect to FIGS. 10A to 10C, according to various embodiments.
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FIGS. 12 and 13 show a flowchart of a method of determining virtual scroll
states, according to various embodiments.

FIGS. 14A to 14C are graphs that illustrate the relationship between an input
velocity and an output velocity in the virtual scroll mode, according to various

embodiments.

Detailed description

[0007] Embodiments described below in context of the apparatus are analogously
valid for the respective methods, and vice versa. Furthermore, it will be understood
that the embodiments described below may be combined, for example, a part of one
embodiment may be combined with a part of another embodiment.

[0008] It should be understood that the terms “on”, “over”, “top”, “bottom”, “down”,
“side”, “back”, “left”, “right”, “front”, “lateral”, “side”, “up”, “down” etc., when used
in the following description are used for convenience and to aid understanding of
relative positions or directions, and not intended to limit the orientation of any device,
or structure or any part of any device or structure. In addition, the singular terms “a”,
“an”, and “the” include plural references unless context clearly indicates otherwise.
Similarly, the word “or” is intended to include “and” unless the context clearly indicates
otherwise.

[0009] Various embodiments of an input device for communication with a processor-
based device, such as a computer, have been provided to address at least some of the
issues identified earlier.

[00010] Various embodiments of an input device for communication with a
processor-based device may include a scroll wheel and a user adjustable roller on a base
of the input device that allows a user to smoothly or gradually vary a detent force acting
on the scroll wheel over a range from a predetermined maximum detent force to zero
detent force (or free-wheeling). Accordingly, the user adjustable roller may be
configured to interact with the scroll wheel such that the scroll wheel may have a
smooth transition from the predetermined maximum detent force to the zero detent

force. Hence, the detent force acting on the scroll wheel may be adjusted by the user
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to a desired force that may be equal to the predetermined maximum detent force, or
equal to the zero detent force, or of any magnitude between the predetermined
maximum detent force and zero detent force. In other words, the input device of the
various embodiments may include a mechanism or means for the user to provide a
rotary input motion (e.g. via the user adjustable roller or an electric motor) such that
the user may switch a mechanical operation mode of the scroll wheel between a
resistive-wheeling mode and a free-wheeling mode. Further, in the resistive-wheeling
mode, the mechanism or means may allow the user to provide the rotary input motion
for adjusting or varying the detent force so as to adjust the resistance of the scroll wheel.
According to various embodiments, the user may adjust a ratchet mechanism, via
rotating the roller, in order to provide the rotary input motion to achieve a finer control
over the detent force exerted on the scroll wheel. The ratchet mechanism may be on
the base of the input device.

[00011] Various embodiments of an input device for communication with a
processor-based device may include a scroll wheel and a roller wheel as the mechanism
or means for providing the rotary input motion. The roller wheel may be partially
engageable by the user through a recess on the base of the mouse, and connected to a
slider mechanism that converts rotary motion to linear motion to engage the scroll
wheel. The roller wheel may allow the user easier access and finer control over force
exerted on the scroll wheel.

[00012] Various embodiments of an input device for communication with a
processor-based device may include a detent mechanism having a roller wheel for
providing the rotary input motion, a slider mechanism and a lever spring. The detent
mechanism may convert the rotary motion of the roller wheel to a linear motion for
controlling a detent force exerted on the scroll wheel or to switch between the resistive-
wheeling mode and the free-wheeling mode.

[00013] FIG. 1A shows a perspective front view of an input device, in the form of a
mouse 100, for communication with a processor-based device according to various
embodiments. FIG. 1B shows an enlarged perspective front view of a front portion of
the mouse 100 of FIG. 1A according to various embodiments. In addition of being in

the form of the mouse 100 as illustrated in the various drawings, the input device
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according to various embodiments may also be in the form of a track ball, a joystick, a
handheld controller, a touch pad, a keyboard, a computer mouse or the like.

[00014] As shown in FIG. 1A and FIG. 1B, the input device in the form of the mouse
100 may include a housing 110. The housing 110 may be an exterior casing of the
mouse 100. Further, the housing 110 may include a cover portion 120 and a base
portion 130. The cover portion 120 and the base portion 130 may be two separate parts
of the housing 110. The cover portion 120 of the housing 110 may be a top case cover
of the exterior casing of the mouse 100. The base portion 130 of the housing 110 may
be a bottom case cover of the exterior casing of the mouse 100. According to various
embodiments, when the cover portion 120 and the base portion 130 are assembled
together, the housing 110 may define an inner cavity to house or encase internal
components of the mouse 100.

[00015] According to various embodiments, the internal components of the mouse
100 may include an electronic circuit assembly, a motion detection assembly, as well
as various mechanical assembly configured for operating the mouse 100. The
electronic circuit assembly may include printed circuit boards, or any other suitable
electronic circuit. The electronic circuit assembly may be connected to the processor-
based device, such as a computer, via a cable 102. The motion detection assembly may
include optical sensors, or laser sensors, or track ball mechanism, or any other
electronic or mechanical components that may be configured to detect movement of the
mouse 100. The motion detection assembly may further be configured to be in
communication with the electronic circuit module such that the detected movement of
the mouse may be transmitted to the processor-based device, which the mouse 100 may
be connected to.

[00016] Further, the cover portion 120 of the housing 110 may include one or more
buttons 122. The one or more buttons 122 may be configured to interact with the
electronic circuit assembly of the mouse 100 for a user to provide inputs to the
processor-based device, which the mouse 100 may be connected to, via clicking of the
one or more buttons. The one or more buttons 122 may include a click button, or a
push button, or any combination of suitable buttons. The one or more buttons 122 may

be located at any desired region of the cover portion 120 as desired.
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[00017] Asshown in FIG. 1A and FIG. 1B, the mouse 100 may include a scroll wheel
140. According to various embodiments, the scroll wheel 140 may be configured for a
user to perform scrolling of a page of an application running in the processor-based
device which the mouse 100 is connected to. For example, the user may use the scroll
wheel 140 to scroll through lines of texts or various graphical objects in the page of the
application. As shown in FIG. 1A and FIG. 1B, the scroll wheel 140 may be mounted
on the housing 110 in a manner so as to be rotatable about a first axis 141 (FIG. 4C)
and so as to be partly exposed from the housing 110 to be accessible by a user of the
mouse 100. Accordingly, the scroll wheel 140 may be rotatably mounted to the cover
portion 120 of the housing 110 of the mouse 100. Further, a portion of the scroll wheel
140 may be exposed through a cover surface 124 of the cover portion 120 of the housing
110 of the mouse 100. Furthermore, the scroll wheel 140 may be located between two
main buttons 122 at a front portion of the cover surface 124 of the cover portion 120 of
the housing 110 of the mouse 100. The scroll wheel 140 may also be at least
substantially perpendicular to the cover surface 124 of the cover portion 120 of the
housing 110 of the mouse 100 such that the first axis 141, which is the axis of rotation
of the scroll wheel 140, may be at least substantially parallel to a portion of the cover
surface 124 of the cover portion 120 which the scroll wheel 140 may be mounted to.
Accordingly, the user may rotate the scroll wheel 140 by stroking a finger along a
circumference of the scroll wheel 140 along the cover surface 124 of the cover portion
120 of the housing 110 of the mouse 100.

[00018] According to various embodiments, the scroll wheel 140 may also be
mounted to other portions or surfaces of the housing 110 of the mouse 100. For
example, the scroll wheel 140 may be mounted to a side portion or a side surface of the
housing 110.

[00019] FIG. 2A shows a perspective bottom view of the mouse 100 of FIG. 1A
according to various embodiments. FIG. 2B shows an enlarged bottom front view of a
front bottom portion of the mouse 100 of FIG. 1A according to various embodiments.
[00020] As shown in FIG. 2A and FIG. 2B, the housing 110 of the mouse 100 may
include a base surface 134 at the base portion 130 of the housing 110. The base surface
134 may be configured to face a tracking surface on which the mouse 100 may be placed

on. Accordingly, the base surface 134 of the housing 110 may be an exterior surface
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of a substantially flat section of the base portion 130 of the housing 110. Thus, the
mouse 100 may be placed with the base surface 134 of the base portion 130 of the
housing 110 substantially flat against or substantially parallel to a mouse pad, a table
top, or any other suitable tracking surfaces on which the mouse may be used.

[00021] Further, the base portion 130 of the housing 110 of the mouse 100 may
include a window 131. The window 131 may be an opening or a transparent portion of
the base portion 130. Accordingly, the window 131 may allow the motion detection
assembly of the mouse 100 to detect relative movement between the mouse 100 and the
tracking surface on which the mouse 100 may be placed and moved.

[00022] As shown in FIG. 2A and FIG. 2B, the mouse 100 may also include an
auxiliary wheel 150. According to various embodiments, the auxiliary wheel 150 may
be configured to allow a user to gradually vary or adjust a rolling resistance of the scroll
wheel 140 ranging from a free-wheeling to a predetermined maximum resistive-
wheeling via rotating the auxiliary wheel 150. Accordingly, the auxiliary wheel 150
may be configured to allow a user to control an arresting force exerting on the scroll
wheel 140 to achieve a finer control over the rolling resistance of the scroll wheel 140
via rotating the auxiliary wheel 150. Hence, the arresting force exerting on the scroll
wheel 140 may be adjusted or varied, for example be increased or decreased, by the
user via rotating the auxiliary wheel 150 to a desired arresting force having a magnitude
in a range from zero arresting force to a predetermined maximum arresting force. In
this manner, the auxiliary wheel 150 may also allow the user to switch from the free-
wheeling mode, i.e. zero arresting force, to the resistive-wheeling mode (or adjustable
resistive-wheeling mode).

[00023] Referring to FIG. 2A and FIG. 2B, the auxiliary wheel 150 may be mounted
on the housing 110 in a manner so as to be rotatable about a second axis 151 (FIG. 4C)
and so as to be partly exposed from the housing 110 to be accessible by the user.
Accordingly, the auxiliary wheel 150 may be rotatably mounted to the base portion 130
of the housing 110 of the mouse 100. Further, a portion 152 of the auxiliary wheel 150
may be exposed through the base surface 134 of the base portion 120 of the housing
110 of the mouse 100. The auxiliary wheel 150 may also be at least substantially
perpendicular to the base surface 134 of the base portion 130 of the housing 110 of the

mouse 100 such that the second axis 151, which is the axis of rotation for the auxiliary
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wheel 150, may be at least substantially parallel to the base surface 134 of the base
portion of the housing 110 of the mouse 100.

[00024] Further, the base surface 134 of the base portion 130 of the housing 110 of
the mouse 100 may include a recess 136 and an opening 137 in the recess 136.
Accordingly, the portion 152 of the auxiliary wheel 150 may be exposed or bared
through the opening 137 of the base surface 134 of the housing 110 and a substantial
portion of the auxiliary wheel 150 may remain within the cavity enclosed by the
housing 110 of the mouse 100.

[00025] According to various embodiments, the portion 152 of the auxiliary wheel
150 may protrude or project from the opening 137 into the recess 136 without jutting
out of the base surface 134. Accordingly, the user may press a finger into the recess
136 to contact the portion 152 of the auxiliary wheel 150 so as to rotate the auxiliary
wheel 150 to adjust the scrolling mode of the scroll wheel 140 and/or to control the
rolling resistance/arresting force of the scroll wheel 140.

[00026] According to various other embodiments, the portion 152 of the auxiliary
wheel 150 of the mouse 100 may protrude or project from the opening 137 through the
recess 136 and jut out from the base surface 134. Accordingly, an exposed portion 152
of the auxiliary wheel 150 may protrude from the housing 110. Hence, the user may
press the mouse 100 against the tracking surface such that the portion 152 of the
auxiliary wheel 150 may contact the tracking surface so as to move the mouse 100 to
rotate the auxiliary wheel 150 to adjust the scrolling mode of the scroll wheel 140 and/or
to control the rolling resistance/arresting force of the scroll wheel 140.

[00027] According to various other embodiments, the auxiliary wheel 150 may also
be mounted to other portions or surfaces of the housing 110 of the mouse 100. For
example, the auxiliary wheel 150 may be mounted to a side portion or a side surface of
the housing 110.

[00028] Referring back to FIG. 2A and FIG. 2B, the mouse 100 may include one or
more (e.g., a plurality of) mouse foot protrusions 138 projecting from the base surface
134 of the base portion 130 of the housing 110. The one or more mouse foot protrusions
138 may be configured for directly contacting the tracking surface on which the mouse
100 may be placed and moved, and the one or more mouse foot protrusions 138 may

be configured to facilitate gliding or sliding of the mouse 100 over the tracking surface.
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According to various embodiments, the one or more mouse foot protrusions 138 may
be made of polytetrafluoroethylene.

[00029] According to various embodiments, the one or more mouse foot protrusions
138 may be attached to the base surface 134 of the housing 110 via adhesive or any
other suitable fastening means. According to various other embodiments, the one or
more mouse foot protrusions 138 may be integrally molded with the base portion 130
and forming a portion of the base portion 130 of the housing 110.

[00030] According to various embodiments, the one or more mouse foot protrusions
138 may be configured to be compressible and a height of the one or more mouse foot
protrusions may be greater than a protrusion height of the portion 152 of the auxiliary
wheel 150 protruding and measuring from the base surface 134 of the base portion 130
of the housing 110 of the mouse 100. Accordingly, during normal use of the mouse
100, the one or more mouse foot protrusions 138 may offset the base surface 134 of the
base portion 130 of the housing 110 from the tracking surface such that the portion 152
of the auxiliary wheel 150 protruding from the base surface 134 of the base portion 130
of the housing 110 may not contact the tracking surface. Further, when the mouse 100
is pressed against the tracking surface, the one or more mouse foot protrusions 138 may
be compressed such that the portion 152 of the auxiliary wheel 150 may then come into
contact with the tracking surface. Accordingly, the auxiliary wheel 150 may then be
rotated via pressing and moving the mouse 100 across the tracking surface for adjusting
the scrolling mode of the scroll wheel 140 or controlling the rolling resistance/arresting
force of the scroll wheel 140.

[00031] As shown in FIG. 2A and FIG. 2B, the mouse 100 may include four mouse
foot protrusions 138 projecting from the base surface 134. According to various
embodiments, the mouse 100 may include one, or two, or three, or four, or five, or six,
or any number of mouse foot protrusions 138. Further, the one or more mouse foot
protrusions 138 may be of any suitable shape, for example, a quadrilateral shape, or an
oval shape, or an elliptical shape, or a crescent shape, or an annular shape, or any other
suitable shapes.

[00032] FIG. 3A shows a perspective view of the base portion 130 of the housing 110
of the mouse 100 according to various embodiments. FIG. 3B shows an enlarged view

of a front portion of the base portion 130 of the housing 110 of the mouse 100 according
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to various embodiments. FIG. 3C shows another enlarged view of the front portion of
the base portion 130 of the housing 110 of the mouse 100 according to various
embodiments.

[00033] As shown in FIG. 3A and FIG. 3B, the scroll wheel 140 of the mouse 100
may include an arresting surface 142 which extends circumferentially about the first
axis 141. The scroll wheel 140 of the mouse 100 may include a ring portion 148. The
arresting surface 142 may be an inner cylindrical surface of the ring portion 148 of the
scroll wheel 140. Further, the ring portion 148 of the scroll wheel 140 may include an
outer cylindrical surface 144. The outer cylindrical surface 144 of the scroll wheel 140
may be textured for gripping so as to facilitate rotating of the scroll wheel 140 by the
user. According to various embodiments, a center of the ring portion 148 may coincide
with the first axis 141.

[00034] As further shown in FIG. 3A to FIG. 3C, the mouse 100 may further include
a lever 160 which may be provided with a first lever arm 163 and a second lever arm
165. The lever 160 may be mounted on the housing 110. According to various
embodiments, the lever 160 may be mounted to a wheel cradle which may be mounted
to a base portion 130 of the housing 110. According to various other embodiments, the
lever 160 may be mounted to a wheel cradle which may be integrally molded with the
base portion 130 of the housing 110 and which may form an integral part of the base
portion 130 of the housing 110.

[00035] According to various embodiments, the lever 160 may be mounted on the
housing 110 so as to be pivotable about a pivot axis 161 (FIG. 4C) which extends
between the first lever arm 163 and the second lever arm 165. Accordingly, the lever
160 may be mounted to the housing 110 such that the pivot axis 161 of the lever 160
extends at least substantially perpendicular to the first lever arm 163 and the second
lever arm 165 of the lever 160. Hence, the lever 160 may be pivotable about the pivot
axis 161 with the first lever arm 163 on one side of the pivot axis 161 and the second
lever arm 165 on the other side of the pivot axis 161. Further, the lever 160 may be
mounted to the base portion 130 of the housing 110 in a manner so as to be housed
within the cavity enclosed by the housing 110. The lever 160 may also be pivotably

mounted to the base portion 130 of the housing 110 between the first lever arm 163 and
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the second lever arm 165. Accordingly, the lever 160 may be pivotable relative to the
base portion 130 of the housing 110 about the pivot axis 161.

[00036] According to various embodiments, the pivot axis 161 of the lever 160, the
first axis 141 (which is the rotational axis of the scroll wheel 140) and the second axis
151 (which is the rotational axis of the auxiliary wheel 150) may be at least substantially
parallel to each other.

[00037] According to various embodiments, a first free end portion 164 of the first
lever arm 163 of the lever 160 may be configured to engage the arresting surface 142
of the scroll wheel 140 with an engagement force to arrest a rotation of the scroll wheel
140 with a corresponding arresting force. Accordingly, the first free end portion 164
of the first lever arm 163 of the lever 160 may contact or interact with the scroll wheel
140 so as to slow down or retard or resist or suppress a rotation of the scroll wheel 140.
Hence, the scroll wheel 140 may be in the resistive-wheeling mode when the first free
end portion 164 of the first lever arm 163 of the lever 160 is engaged to the arresting
surface 142 of the scroll wheel 140. On the other hand, in case the first free end portion
164 of the first lever arm 163 is in a non-engagement condition, in which it does not
engage the arresting surface 142, the scroll wheel 140 is then in the free-wheeling mode.
According to various embodiments, the first free end portion 164 of the first lever arm
163 of the lever 160 may engage the scroll wheel 140 via a ratchet arrangement or a
frictional contact.

[00038] As shown in FIG. 3C, the mouse 100 may further include a motion converter
170 or a rotary to linear motion converter. The motion converter 170 may include a
rotary input axis 171 and a linear output axis 173. The motion converter 170 may be
connected to the auxiliary wheel 150. The motion converter 170 may be disposed
within the cavity enclosed by the housing 110. According to various embodiments, the
rotary input axis 171 of the motion converter 170 and the pivot axis 161 of the lever
160 may be substantially parallel to each other. According to various embodiments,
the motion converter 170 may be configured to convert a rotary input motion of the
auxiliary wheel 150 about the rotary input axis 171 into a linear output motion along
the linear output axis 172. The motion converter 170 may include an elongated member
172. Accordingly, rotating the auxiliary wheel 150 may cause the motion converter

170 to convert the rotary input motion into the linear output motion so as to generate a
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linear motion of the elongated member 172 of the motion converter 170. According to
various embodiments, the motion converter 170 may include a rack and pinion
mechanism, or a nut and screw mechanism, or a crank and slider mechanism, or any
other suitable mechanism.

[00039] According to various embodiments, the motion converter 170 may also be
connected to or in engagement with a second free end portion 166 of the second lever
arm 165 of the lever 160. Accordingly, the elongated member 172 of the motion
converter 170 may be connected to or in engagement with the second free end portion
166 of the second lever arm 165 of the lever 160. Hence, the motion converter 170
may apply a linear force at the second free end portion 166 of the second lever arm 165
of the lever 160 via the linear motion of the elongated member 172 of the motion
converter 170. In other words, the linear output motion of the motion converter 170
may move the elongated member 172 linearly for moving the second free end portion
166 of the second lever arm 165 of the lever 160.

[00040] According to various embodiments, the motion converter 170 may be
configured to apply said linear output motion to the second free end portion 166 of the
second lever arm 165 so as to pivot the lever 160 about the pivot axis 161 to
correspondingly adjust the engagement force exerted by the first free end portion 164
of the first lever arm 163 of the lever 160 on the arresting surface 142 of the scroll
wheel 140, whereby the corresponding arresting force applied to the scroll wheel 140
may be correspondingly adjustable by the rotation of the auxiliary wheel 150.
Accordingly, the linear output motion applied on the second free end portion 166 of the
second lever arm 165 of the lever 160 may generate or produce a moment to pivot the
lever 160 about the pivot axis 161 such that the engagement force exerted by the first
free end portion 164 of the first lever arm 163 of the lever 160 on the arresting surface
142 of the scroll wheel 140 may be varied over a range depending on a degree of the
linear output motion applied.

[00041] According to various embodiments, the linear output motion applied on the
second free end portion 166 of the second lever arm 165 of the lever 160 may pivot the
lever 160 about the pivot axis 161 such that the first free end portion 164 of the first
lever arm 163 of the lever 160 may be fully disengaged from the arresting surface 142

of the scroll wheel 140, whereby no engagement force is exerted by the first free end
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portion 164 of the first lever arm 163 of the lever 160 on the arresting surface 142 of
the scroll wheel 140.

[00042] Accordingly, the scroll wheel 140 may be in the free-wheeling mode when
the first end portion 164 of the first lever arm 163 of the lever 160 is fully disengaged
from the arresting surface 142 of the scroll wheel 140. On the other hand, the scroll
wheel 140 may be in the adjustable resistive-wheeling mode whenever the first free end
portion 164 of the first lever arm 163 of the lever 160 is exerting an engagement force,
which may be adjusted or varied, on the arresting surface 142 of the scroll wheel 140.
Thus, according to various embodiments, the scroll wheel 140 may be adjusted between
different modes of scrolling by controlling the degree of linear motion applied at the
second free end portion 166 of the second lever arm 165 of the lever 160 via controlled
rotation of the auxiliary wheel 150. The rolling resistance/arresting force of the scroll
wheel 140 may also be adjusted, for example increased or decreased, by controlling the
degree of linear motion applied at the second free end portion 166 of the second lever
arm 165 of the lever 160 via controlled rotation of the auxiliary wheel 150.

[00043] Thus, the motion converter 170 may be configured to convert the rotary input
motion about the rotary input axis 171 into the linear output motion along the linear
output axis 173 for moving the second free end portion 166 of the second lever arm 165
so as to pivot the lever 160 about the pivot axis 161 for engaging or disengaging the
first free end portion 164 of the first lever arm 163 and the arresting surface 142 of the
scroll wheel 140 to interchange the scroll wheel 140 between the free-wheeling mode
and the resistive-wheeling mode.

[00044] FIG. 4A to FIG. 4D show various views of an assembly 101 of the scroll
wheel 140 and the auxiliary wheel 150 of the mouse 100 according to various
embodiments.

[00045] As shown in FIG. 4A and FIG. 4B, the arresting surface 142 of the scroll
wheel 140 may include a plurality of serrations 143. As shown, the plurality of
serrations 143 may be rounded or curved. According to various embodiments, the
plurality of serrations 143 may be pointed or V-shaped or tapered, for example as shown
in FIG. 5A and FIG. 5B. Referring back to FIG. 4A and FIG. 4B, in between each
adjacent pair of serrations may be a notch 146. Further, the first free end portion 164

of the first lever arm 163 of the lever 160 may include a finger or a rod-shaped extension.
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According to various embodiments, the finger may be configured to fit into a respective
notch 146 between respective two adjacent serrations of the plurality of serrations 143
of the arresting surface 142 of the scroll wheel 140. Accordingly, the first free end
portion 164 of the first lever arm 163 of the lever 160 may engage the scroll wheel 140
via interlocking the finger of the first free end portion 164 of the first lever arm 163 of
the lever 160 with the notch 146 of the arresting surface 142 of the scroll wheel 140.
[00046] As shown in FIG. 4A and FIG. 4D, the lever 160 may include an elongated
connection section 162 which may form a pivot axle defining the pivot axis 161 of the
lever 160. The first lever arm 163 and the second lever arm 165 may be fixedly
connected to each other via the elongated connection section 162. Further, the pivot
axle formed by the elongated connection section 162 may extend at least substantially
perpendicular to a respective longitudinal extension direction of both the first lever arm
163 and the second lever arm 165. Furthermore, the elongated connection section 162
may include a first section end 168 and a second section end 169. The first section end
168 may be connected to a first connection end, opposite to the first free end portion
164, of the first lever arm 163. The second section end 169 may be connected to a
second connection end, opposite to the second free end portion 166, of the second lever
arm 165.

[00047] Referring to FIG. 4A and FIG. 4B, the mouse 100 may further include a
biasing mechanism 180. The biasing mechanism 180 may be connected to the first
lever arm 163 of the lever 160 to apply a biasing force on the first free end portion 164
of the first lever arm 163 so as to bias the first free end portion 164 of the first lever
arm 163 towards the arresting surface 142 of the scroll wheel 140 to exert the
engagement force by the first free end portion 164 of the first lever arm 163 on the
arresting surface 142 of the scroll wheel 140. Accordingly, the biasing mechanism 180
may bias the first free end portion 164 of the first lever arm 163 of the lever 160 against
the arresting surface 142 of the scroll wheel 140 to exert the engagement force on the
arresting surface 142 of the scroll wheel 140 so as to arrest a rotation of the scroll wheel
140. Accordingly, a first end 182 of the biasing mechanism 180 may be connected to
the first lever arm 163 of the lever 160 and a second end 184 of the biasing mechanism
180 may be fixed to the base portion 130 of the housing 110. According to various

embodiments, the first end 182 of the biasing mechanism 180 may bias the first lever
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arm 163 of the lever 160 away from the second end 184 of the biasing mechanism 180
to push the first free end portion 164 of the first lever arm 163 of the lever 160 against
the arresting surface 142 of the scroll wheel 140 so as to exert the engagement force on
the arresting surface 142 of the scroll wheel 140. According to various embodiments,
the biasing mechanism 180 may include a torsion spring.

[00048] According to various embodiments, the motion converter 170 may be
configured to apply the linear output motion to the second free end portion 166 of the
second lever arm 165 of the lever 160 to pivot the lever 160 about the pivot axis 161 so
as to correspondingly counter the biasing force exerted by the biasing mechanism 180
on the first free end portion 164 of the first lever arm 163 of the lever 160 to
correspondingly adjust the engagement force exerted by the first free end portion 164
of the first lever arm 163 of the lever 160 on the arresting surface 142 of the scroll
wheel 140 so as to arrest a rotation of the scroll wheel 140. Accordingly, the rolling
resistance/arresting force of the scroll wheel 140 due to the biasing force of the biasing
mechanism 180 may be adjusted in a controlled manner by controlling the degree of
linear output motion applied to the second free end portion 166 of second lever arm 165
of the lever 160 via controlled rotation of the auxiliary wheel 150.

[00049] According to various embodiments, the linear output motion applied on the
second free end portion 166 of the second lever arm 165 of the lever 160 may pivot the
lever 160 about the pivot axis 161 such that the first free end portion 164 of the first
lever arm 163 of the lever 160 may be fully disengaged from the arresting surface 142
of the scroll wheel 140, whereby the biasing force of the biasing mechanism 180 may
no longer cause the first free end portion 164 of the first lever arm 163 of the lever 160
to exert an engagement force on the arresting surface 142 of the scroll wheel 140.
Hence, the motion converter 170 may move the second free end portion 166 of the
second lever arm 165 of the lever 160 to pivot the lever 160 about the pivot axis 161 so
as to correspondingly counter the biasing force exerted by the biasing mechanism 180
on the first free end portion 164 of the first lever arm 163 of the lever 160 for
disengaging from the arresting surface 142 of the scroll wheel 140 to change the scroll
wheel 140 into the free-wheeling mode. Accordingly, the rolling resistance of the scroll
wheel 140 may be changed between the free-wheeling mode and the predetermined

maximum resistive-wheeling mode by controlling the degree of linear output motion
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applied to the second free end portion 166 of the second lever arm 165 of the lever 160
by the motion converter 170 via controlled rotation of the auxiliary wheel 150.
[00050] According to various embodiments, the elongated member 172 of the motion
converter 170 may be movable linearly along a longitudinal axis of the elongated
member 172. The elongated member 172 may be connected to or in engagement with
the second free end portion 166 of the second lever arm 165 of the lever 160 so as to
apply the linear motion to the second free end portion 166 of the second lever arm 165
of the lever 160. Hence, the elongated member 172 may move the second free end
portion 166 of the second lever arm 165 of the lever 160. Accordingly, the motion
converter 170 may convert a rotation of the auxiliary wheel 150, which is provided to
the motion converter 170 as the rotary input motion, into the linear output motion to
move the elongated member 172 linearly in a longitudinal direction for moving the
second free end portion 166 of the second lever arm 165 of the lever 160.

[00051] According to various embodiments, the elongated member 172 may include
a projection 174 configured to engage or catch or contact or interlock or receive the
second free end portion 166 of the lever 160 such that the linear motion of the elongated
member 172 may be transferred or applied or transmitted or passed on to the second
free end portion 166 of the lever 160 for pivoting the lever 160 about the pivot axis 161.
As shown in FIG. 4A to FIG. 4D, the projection 174 may be in the form of a hook or
an angled structure. According to various embodiments, the projection 174 may also
be in the form of a flat wall or a bar or a rod, which may be at least substantially
perpendicular to the elongated member 172, as shown in FIG. S5A or FIG. 5B.
Accordingly, the projection 174 may be protruding from the elongated member 172 in
a protrusion direction perpendicular to the longitudinal axis of the elongated member
172.

[00052] According to various embodiments, when the motion converter 170 includes
a nut and screw shaft mechanism, the motion converter 170 may be a nut and screw
shaft motion converter. Accordingly, the elongated member 172 of the motion
converter 170 may be connected to or in contact with the screw shaft, and the nut of the
motion converter 170 may be connected to or in engagement with the auxiliary wheel
150. Hence, when the motion converter 170 includes a nut and screw shaft mechanism,

the motion converter 170 may be a one-way or a single-way mechanism whereby
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rotating the auxiliary wheel 150 may rotate the nut to provide the rotary input motion
which may be converted to the linear output motion to move the screw shaft linearly so
as to convert a rotation of the auxiliary wheel 150 into a linear motion of the elongated
member 172. On the other hand, the motion converter 170 may not allow the elongated
member 172 to be actuated linearly to cause a rotation of the auxiliary wheel 150.
Further, the nut and screw shaft mechanism may allow the elongated member 172 to be
held in place whenever the rotation of the auxiliary wheel 150 is stopped. Hence, the
elongated member 172 may be moved linearly and may be stopped at any desired
position.

[00053] According to various other embodiments, when the motion converter 170
includes a rack and pinion mechanism, the motion converter 170 may be a rack and
pinion motion converter. Accordingly, the elongated member 172 of the motion
converter 170 may be connected to or in contact with the rack of the motion converter
170, and the pinion of the motion converter 170 of the motion converter 170 may be
connected to or in engagement with the auxiliary wheel 150. Hence, rotating the
auxiliary wheel 150 may impart the rotary input motion to the pinion which may be
converted to the linear output motion of the rack of the motion converter 170 for moving
the elongated member 172. According to various other embodiments, when the motion
converter 170 includes a crank and slider mechanism, the motion converter 170 may be
a crank and slider motion converter. Accordingly, the elongated member 172 of the
motion converter 170 may be connected to or in contact with the slider, and the crank
of the motion converter 170 may be connected to or in engagement with the auxiliary
wheel 150. Hence, rotating the auxiliary wheel 150 may impart the rotary input motion
to the crank which may be converted to the linear output motion of the slider of the
motion converter 170 for moving the elongated member 172.

[00054] Referring to FIG. 4A to FIG. 4D, the mouse 100 may further include an
auxiliary biasing mechanism 190. The auxiliary biasing mechanism 190 may be
connected to the elongated member 172 of the motion converter 170. Accordingly, a
first end of the auxiliary biasing mechanism 190 may be connected to the elongated
member 172 of the motion converter 170 and a second end of the auxiliary biasing
mechanism 190 may be fixed to a holder 133 (see FIG. 3C) on the base portion 130 of

the housing 110. According to various embodiments, the auxiliary biasing mechanism
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190 may include a coil spring. Further, according to various embodiments, the auxiliary
biasing mechanism 190 may be configured to keep or bias the elongated member 172
to be in firm contact or connection with the mechanism of the motion converter 170,
regardless of the position of the elongated member 172, such that the elongated member
172 may be sensitive or responsive to a rotation of the auxiliary wheel 150 so as to
readily or immediately move the elongated member 172 linearly as a result of the
rotation of the auxiliary wheel 150 to cause the lever 160 to pivot for adjusting the
arresting force on the scroll wheel 140.

[00055] FIG. 5A and FIG. 5B show various views of an assembly 501 of a scroll
wheel 540 and an auxiliary wheel 150 of a mouse according to various embodiments.
The assembly 501 of FIG. 5A and FIG. 5B may differ from the assembly 101 of FIG.
4A to FIG. 4D in that the plurality of serrations 543 of the scroll wheel 540 of the
assembly 501 may be sharp and pointed, whereas the plurality of serrations 143 of the
scroll wheel 140 of assembly 101 may be rounded and curved. Further, the assembly
501 of FIG. 5A and FIG. 5B may also differ from the assembly 101 of FIG. 4A to FIG.
4D in that the projection 574 of the elongated member 572 of the motion converter 570
of the assembly 501 may be a hook or angled structure, whereas the projection 174 of
the elongated member 172 of the motion converter 170 of the assembly 101 may be a
vertical flat wall or a vertical bar. The other components of the assembly 501, such as
the lever 160, the auxiliary wheel 150, and the biasing mechanism 180, may be similar
to those of the assembly 101.

[00056] According to various embodiments, the mouse 100 may include an electric
motor coupled to the auxiliary wheel 150. Accordingly, the auxiliary wheel 150 may
be rotated by the electric motor. Hence, in addition to being manually rotatable by the
user via the user’s finger stroking the auxiliary wheel 150 to provide the rotary input
motion to the motion converter 170, 570 for conversion into the linear output motion to
move the second free end portion 166 of the second lever arm 165 so as to pivot the
lever 160 about the pivot axis 161 for engaging or disengaging the first free end portion
164 of the first lever arm 163 and the the arresting surface 142 of the scroll wheel 140
to interchange the scroll wheel 140 between the free-wheeling mode and the resistive-
wheeling mode, the auxiliary wheel 150 may also be rotated via the electric motor to

provide the rotary input motion. Thus, the user may activate the electric motor to switch
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the scroll wheel 140 between the free-wheeling mode and the resistive-wheeling mode,
cither by a software application (e.g. via an external processor-based device) or by a
switch on the mouse.

[00057] FIG. 6A to FIG. 6D show various views of another assembly 601 of the scroll
wheel 140 and a motion converter 670 for the mouse 100 according to various
embodiments. According to various embodiments, instead of the auxiliary wheel 150,
an electric motor 653 may be coupled to the motion converter 670 to provide the rotary
input motion about the rotary input axis 671 for converting into the linear output motion
along the linear output axis 673 to move the second free end portion 166 of the second
lever arm 165 so as to pivot the lever 160 about the pivot axis 161 for engaging or
disengaging the first free end portion 164 of the first lever arm 163 and the arresting
surface 142 of the scroll wheel 140. Accordingly, the mouse 100 may include the
electric motor 653. Hence, in this configuration without the auxiliary wheel 150, the
user may switch the scroll wheel 140 between the free-wheeling mode and the resistive-
wheeling mode, either by a software application (e.g. via a processor-based device) or
by a switch on the mouse 100.

[00058] According to various embodiments, the electric motor 653 may be disposed
within the cavity enclosed by the housing 110. According to various embodiments, as
shown in FIG. 6A to FIG.6D, the scroll wheel 140 may be mounted on a scroll-wheel-
bracket 645 which may, in turn, be mounted to the base portion 130 of the housing 110
in a manner such that the portion of the scroll wheel 140 may be partly exposed through
the cover surface 124 of the cover portion 120 of the housing 110 of the mouse 100
while the remaining portion of the scroll wheel 140 and the scroll-wheel-bracket 645
may be housed within the cavity enclosed by the housing 110.

[00059] According to various embodiments, the lever 160 may be integrated into or
mounted to the scroll-wheel-bracket 645. Accordingly, the lever 160 may also be
mounted to the base portion 130 of the housing 110, via the scroll-wheel-bracket 645,
between the first lever arm 163 and the second lever arm 165. The lever 160 may be
pivotably mounted to the scroll-wheel-bracket 645. Accordingly, the lever 160 may be
pivotable relative to the base portion 130 of the housing 110, as well as the scroll-wheel-

bracket 645, about the pivot axis 161.
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[00060] According to various embodiments, the motion converter 670 may be
integrated into or mounted to the scroll-wheel-bracket 645, which is mounted to the
base portion 130 of the housing 110. According to various embodiments, the motion
converter 670 and the lever 160 may be disposed or arranged such that the rotary input
axis 671 of the motion converter 670 and the pivot axis 161 of the lever 160 may be
substantially parallel to each other.

[00061] According to various embodiments, the electric motor 653 may be disposed
or mounted to the scroll-wheel-bracket 645, which is mounted to the base portion 130
of the housing 110. According to various embodiments, the electric motor 653 may be
coupled to the motion converter 670. According to various embodiments, the electric
motor 653, the motion converter 670, and the lever 160 may be disposed or arranged
such that the rotary input axis 671 of the motion converter 670, a rotational driving axis
655 of the electric motor 653, and the pivot axis 161 of the lever 160 may be
substantially parallel to each other. According to various embodiments, the motion
converter 670 may convert the rotary input motion about the rotary input axis 671,
which is transmitted from the electric motor 653, into the linear output motion along
the linear output axis 672. Accordingly, activating the electric motor 653 may cause
the motion converter 670 to convert the rotary input motion into the linear output
motion so as to generate the linear motion of the elongated member 672 of the motion
converter 670. According to various embodiments, the motion converter 670 may
include a rack and pinion mechanism, or a nut and screw mechanism, or a crank and
slider mechanism, or any other suitable mechanism.

[00062] According to various embodiments, the motion converter 670 may be in
engagement with the second free end portion 166 of the second lever arm 165 of the
lever 160. Accordingly, the elongated member 672 of the motion converter 670 may
be in engagement with the second free end portion 166 of the second lever arm 165 of
the lever 160. Hence, the motion converter 670 may move the second free end portion
166 of the second lever arm 165 of the lever 160 via the linear motion of the elongated
member 672 of the motion converter 670. In other words, the linear output motion of
the motion converter 670 may move the elongated member 672 linearly for moving the

second free end portion 166 of the second lever arm 165 of the lever 160.
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[00063] According to various embodiments, the motion converter 670 may move the
second free end portion 166 of the second lever arm 165 so as to pivot the lever 160
about the pivot axis 161 to correspondingly move the first free end portion 164 of the
first lever arm 163 of the lever 160 for engaging or disengaging the arresting surface
142 of the scroll wheel 140. Accordingly, the scroll wheel 140 may be in the free-
wheeling mode when the first end portion 164 of the first lever arm 163 of the lever
160 is fully disengaged from the arresting surface 142 of the scroll wheel 140. On the
other hand, the scroll wheel 140 may be in the resistive-wheeling mode whenever the
first free end portion 164 of the first lever arm 163 of the lever 160 is engaged to the
arresting surface 142 of the scroll wheel 140. Thus, according to various embodiments,
the scroll wheel 140 may be switched between different modes of scrolling by
controlling the motion converter 670 to move the second free end portion 166 of the
second lever arm 165 of the lever 160 via controlled rotation of the electric motor 645.
[00064] Thus, the motion converter 670 may be configured to convert the rotary input
motion about the rotary input axis 671 into the linear output motion along the linear
output axis 673 for moving the second free end portion 166 of the second lever arm 165
so as to pivot the lever 160 about the pivot axis 161 for engaging or disengaging the
first free end portion 164 of the first lever arm 163 and the arresting surface 142 of the
scroll wheel 140 to interchange the scroll wheel 140 between the free-wheeling mode
and the resistive-wheeling mode.

[00065] According to various embodiments, the elongated member 672 of the motion
converter 670 may be movable linearly along the longitudinal axis of the elongated
member 672. The elongated member 672 may be in engagement with the second free
end portion 166 of the second lever arm 165 of the lever 160 so as to apply the linear
motion to the second free end portion 166 of the second lever arm 165 of the lever 160.
Hence, the elongated member 672 may move the second free end portion 166 of the
second lever arm 165 of the lever 160. Accordingly, the motion converter 670 may
convert the rotary input motion provided to the motion converter 670 from the electric
motor 653 into the linear output motion to move the elongated member 672 lincarly
along the longitudinal axis of the elongated member 672 for moving the second free

end portion 166 of the second lever arm 165 of the lever 160.
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[00066] According to various embodiments, the elongated member 672 may include
a projection 674 to engage or contact or abut or receive the second free end portion 166
of the second lever arm 165 of the lever 160 such that the linear motion of the elongated
member 672 may be transferred or applied or transmitted or passed on to the second
free end portion 166 of the lever 160 for pivoting the lever 160 about the pivot axis 161.
FIG. 6C shows a partial cut out view of the scroll-wheel-bracket 645 to show part of
the motion converter 670 according to various embodiments. FIG. 6D shows a cross-
sectional view of the scroll-wheel-bracket 645 to show part of the motion converter 670
according to various embodiments. As shown in FIG. 6C and FIG. 6D, the projection
674 may be protruding from the clongated member 672 in a protrusion direction
perpendicular to the longitudinal axis of the elongated member 672. According to
various embodiments, the projection 674 may include an inclined surface 676. The
inclined surface 676 may extend from a root of the projection 674 to a tip of the
projection 674. According to various embodiments, the second free end portion 166 of
the lever 160 may be engaged to a longitudinal side of the elongated member 672 from
which the projection 674 protrudes. Accordingly, the second free end portion 166 of
the lever 160 may be abutting the longitudinal side of the elongated member 672 such
that moving the elongated member 672 linearly along the longitudinal axis of the
elongated member 672 may cause the second free end portion 166 of the second lever
arm 160 to slide along the inclined surface 676 of the projection 674 to move the second
free end portion 166 of the second lever arm 160 along the protrusion direction
perpendicular to the longitudinal axis of the elongated member 672 for pivoting the
lever 160.

[00067] According to various embodiments, the elongated member 672 comprises a
spring-loaded pusher 678 adjacent to the tip of the projection 676 and directed in the
protrusion direction perpendicular to the longitudinal axis of the elongated member 672.
Accordingly, the spring-loaded pusher 678 may be disposed or arranged radially with
respect to the longitudinal axis of the elongated member 672. According to various
embodiments, moving the elongated member 672 linearly along the longitudinal axis
of the elongated member 672 may cause the second free end portion 166 of the second
lever arm 165 of the lever 160 to slide on or off the spring-loaded pusher 678.

Accordingly, when the second free end portion 166 of the second lever arm 165 of the
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lever 160 is on the spring-loaded pusher 678, the spring-loaded pusher 678 may provide
a resilience cushioning effect whereby the second free end portion 166 of the second
lever arm 165 of the lever 160 may compress the spring-loaded pusher 678 and the
spring-loaded pusher 678 subsequently recoil or spring back or push back.

[00068] According to various embodiments, the spring-loaded pusher 678 may
include a pusher member 677 movable in the protrusion direction perpendicular to the
longitudinal axis of the elongated member 672 and a biasing element 679 arranged to
bias the pusher member away from the longitudinal side of the elongated member 672
in the protrusion direction perpendicular to the longitudinal axis of the elongated
member 672. According to various embodiments, the biasing element 679 may include,
but not limited to, a spring, a coil spring, or a compression spring. According to various
embodiments, when the biasing element 679 is unloaded, the pusher member 677 may
flush with the tip of the projection 674 of the elongated member 672. According to
various embodiments, the tip of the projection 674 of the elongated member 672 and
the spring-loaded pusher 678 may be in a side-by-side arrangement in along the
longitudinal axis of the elongated member 672.

[00069] According to various embodiments, the second free end portion 166 of the
second lever arm 165 may include a V-shaped cross-sectional profile 667. According
to various embodiments, the V-shaped cross-sectional profile 667 may be a tapered or
an angled or a pointed potion at the second free end portion 166 of the second lever arm
165. According to various embodiments, a bottom of the V-shaped cross-sectional
profile 667 of the second free end portion 166 may be directed perpendicularly from
the second lever arm 165. Accordingly, the bottom of the V-shaped cross-sectional
profile 667 of the second free end portion 166 may be pointing radially outwards from
the second lever arm 165. According to various embodiments, the second free end
portion 166 of the second lever arm 165 may be engaged to the elongated member 672
of the motion converter 670 with the bottom of the V-shaped cross-sectional profile
667 of the second free end portion 166 abutting the longitudinal side of the elongated
member 672 so as to slide along the longitudinal side of the elongated member 672.
Accordingly, the V-shaped cross-sectional profile 667 of the second free end portion
166 of the second lever arm 165 may slide up or down the inclined surface 676 as well

as slide on or off the pusher member 677.
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[00070] FIG. 7A shows the second free end portion 166 of the second lever arm 165
abutting the pusher member 677 of the elongated member 672 of the motion converter
670. FIG. 7B shows the first free end portion 164 of the first lever arm 163 in
engagement with the arresting surface 142 of the scroll wheel 140. According to
various embodiment, when the second free end portion 166 of the second lever arm 165
is moved by the elongated member 672 of the motion converter 670 such that the second
free end portion 166 of the second lever arm 165 slide along the inclined surface 676
of the projection 674 onto the pusher member 677 of the elongated member 672 of the
motion converter 670, the lever 160 may be pivoted such that the first free end portion
164 of the first lever arm 163 may be moved into engagement with the arresting surface
142 of the scroll wheel 140. According to various embodiments, with the second free
end portion 166 of the second lever arm 165 abutting the pusher member 677 of the
elongated member 672 of the motion converter 670, when the scroll wheel 140 is being
rotated by the user, the first free end portion 164 of the first lever arm 163 may be
moved along the profile of the plurality of serrations 143 of the scroll wheel 140 and
the pusher member 677 may provide the resilient cushioning effect to allow the lever
160 to be pivoted accordingly as the first free end portion 164 of the first lever arm 163
moves along the profile of the plurality of serrations 143. Accordingly, the scroll wheel
140 may be in the resistive-wheeling mode when the the second free end portion 166
of the second lever arm 165 is abutting the pusher member 677 of the elongated member
672 of the motion converter 670. According to various embodiments, an encoder 159
may be disposed inside the scroll wheel 140 to convert the rotational motion of the
scroll wheel 140 during resistive-wheeling mode into output signal.

[00071] FIG. 8A shows the second free end portion 166 of the second lever arm 165
in a position in which it is slidden off the pusher member 677 of the elongated member
672 of the motion converter 670 and abutting the longitudinal side of the elongated
member 672 of the motion converter 670. FIG. 7B shows the first free end portion 164
of the first lever arm 163 disengaged from the arresting surface 142 of the scroll wheel
140. According to various embodiment, when the second free end portion 166 of the
second lever arm 165 is moved by the elongated member 672 of the motion converter
670 such that the second free end portion 166 of the second lever arm 165 slide off the

pusher member 677 of the elongated member 672 of the motion converter 670 and slide
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down the inclined surface 676 of the projection 674 of the elongated member 672 , the
lever 160 may be pivoted such that the first free end portion 164 of the first lever arm
163 may be moved away from the arresting surface 142 of the scroll wheel 140 so as to
be disengaged from the arresting surface 142. Accordingly, the scroll wheel 140 may
be in the free-wheeling mode when the second free end portion 166 of the second lever
arm 165 is slidden off the pusher member 677 of the elongated member 672 of the
motion converter 670. According to various embodiments, the encoder 159 disposed
inside the scroll wheel 140 may convert the rotational motion of the scroll wheel 140
during free-wheeling mode into output signal.

[00072] Referring back to FIG. 6A to FIG. 6D, according to various embodiments,
the motion converter 670 may include a rack and pinion mechanism. Accordingly, the
motion converter 670 may be a rack and pinion motion converter. Accordingly, the
elongated member 672 of the motion converter 670 may be connected to or in contact
with a rack 694 of the motion converter 670, and a pinion 696 of the motion converter
670 may be driven by the electric motor 653. Hence, activating the electric motor 653
may impart the rotary input motion to the pinion 696 which may be converted to the
linear output motion of the rack 694 of the motion converter 670 for moving the
clongated member 672. According to various embodiments, the elongated member 672
may be longitudinal aligned to the rack 694 of the motion converter 670. Accordingly,
the elongated member 672 and the rack 694 may form a straight line. According to
various embodiments, the elongated member 672 and the rack 694 may be integral so
as to move as a single unit or a single piece. Accordingly, the elongated member 672
and the rack 694 may be molded integrally, or formed integrally, or integrally joined,
or integrally coupled, or integrally connected together so as to form the single unit or
single piece.

[00073] According to various embodiments, the scroll-wheel-bracket 645 may
include a pair of stopper structures 647, 649, i.e. a first stopper structure 647 and a
second stopper structure 649. The pair stopper structure 647, 649 may be along the
longitudinal axis of the elongated member 672 of the motion converter 670 and may be
spaced apart from each other such that the elongated member 672 of the motion
converter 670 may be between the pair of stopper structures 647, 649. According to

various embodiments, the elongated member 672 and the rack 694 may be between the
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pair of stopper structure 647, 649 such that pair of stopper structures 647, 649 may limit
the linear movement of the elongated member 672 and the rack 694 in the longitudinal
direction. According to various embodiments, when the rack 694 is abutting the first
stopper structure 647, the second free end portion 166 of the second lever arm 165 may
be abutting the pusher member 677 of the clongated member 672 of the motion
converter 670 as shown in FIG. 7B. According to various embodiments, when the
elongated member 672 is abutting the second stopper structure 649, the second free end
portion 166 of the second lever arm 165 may be slidden off the pusher member 677 of
the elongated member 672 of the motion converter 670 as shown in FIG. 8§B.

[00074] According to various embodiments, the mouse 100 may include a
transmission gear arrangement 698 coupled between the electric motor 653 and the
motion converter 670. According to various embodiments, the transmission gear
arrangement 698 may include at least one gear 699 between the pinion 696 and the
electric motor 653. According to various embodiments, the transmission gear
arrangement 698 may be a reduction gear arrangement.

[00075] According to various embodiments, the mouse 100 may include a switch 119
mounted to an exterior of the housing 110 (for example, see FIG. 1A). According to
various embodiments, the switch 119 may be configured to activate the electric motor
653 to provide the rotary input motion to the motion converter 670 for conversion into
the linear output motion to move the second free end portion 166 of the second lever
arm 165 so as to pivot the lever 160 for engaging or disengaging the first free end
portion 164 of the first lever arm 163 and the arresting surface 142 of the scroll wheel
140. According to various embodiments, the electric motor 653 may be configured to
be provide the rotary input motion in a first direction and in a second opposite direction.
Accordingly, the switch 119 may be configured to activate the electric motor 653 to
provide the rotary input motion in the first direction or in the second opposite direction.
For example, the switch 119 may include a sliding switch which may be slidable
between two positions, or may include a toggle button which may be toggled between
two positions. Accordingly, the switch 119 may active the electric motor 653 to provide
the rotary input motion in the first direction when the switch 119 is in the first position,
and may active the electric motor 653 to provide the rotary input motion in the second

opposite direction when the switch 119 is in the second position.
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[00076] According to various embodiments, the electric motor 653 may also be
activated by a software application installed in an external processor-based device, for
example, including, but not limited to, a computer or a laptop or a notebook or a tablet.
Based on a user input or a parameter set in an application running on the external
processor-based device, a control signal may be sent from the external processor-based
device to electronic circuit assembly of the mouse 100. The electronic circuit assembly
of the mouse 100 may include a controller which may process the control signal to
control the activation of the electric motor 653.

[00077] According to various embodiments, there is provided an input device for
communication with a processor-based device. The input device may include a housing.
The input device may also include a scroll wheel which is mounted on the housing in a
manner so as to be rotatable about a first axis and so as to be partly exposed from the
housing to be accessible by a user of the input device. The scroll wheel may include
an arresting surface which extends circumferentially about the first axis. The input
device may further include a lever which is provided with first and second lever arms
and which is mounted on the housing so as to be pivotable about a pivot axis which
extends between the first and second lever arms. A first free end portion of the first
lever arm may be configured to engage the arresting surface of the scroll wheel with an
engagement force to arrest a rotation of the scroll wheel with a corresponding arresting
force. The input device may further include an auxiliary wheel which is mounted on
the housing in a manner so as to be rotatable about a second axis and so as to be partly
exposed from the housing to be accessible by the user. The input device may further
include a motion converter connected to the auxiliary wheel as well as to a second free
end portion of the second lever arm. The motion converter may be configured to
convert a rotational motion of the auxiliary wheel into a linear motion and to apply said
linear motion to the second free end portion of the second lever arm so as to pivot the
lever about the pivot axis to correspondingly adjust the engagement force exerted by
the first free end portion of the first lever arm on the arresting surface of the scroll wheel,
whereby the corresponding arresting force applied to the scroll wheel may be

correspondingly adjustable by rotation of the auxiliary wheel.
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[00078] According to various embodiments, the first axis of the scroll wheel of the
input device, the second axis of the auxiliary wheel of the input device and the pivot
axis of the lever of the input device may be at least substantially parallel to each other.
[00079] According to various embodiments, a portion of the auxiliary wheel of the
input device may be exposed through an opening. The opening may be in a recess of
the housing of the input device.

[00080] According to various embodiments, the arresting surface of the scroll wheel
of the input device may include a plurality of serrations.

[00081] According to various embodiments, the first free end portion of the first lever
arm of the lever of the input device may include a finger configured to fit into a
respective notch between respective two adjacent serrations of the plurality of serrations
of the arresting surface of the scroll wheel of the input device.

[00082] According to various embodiments, the input device may further include a
biasing mechanism connected to the first lever arm to apply a biasing force on the first
free end portion of the first lever arm so as to bias the first free end portion of the first
lever arm towards the arresting surface of the scroll wheel to exert the engagement force
by the first free end portion of the first lever arm on the arresting surface of the scroll
wheel.

[00083] According to various embodiments the motion converter of the input device
may be configured to apply the linear motion to the second free end portion of the
second lever arm to pivot the lever about the pivot axis so as to correspondingly counter
the biasing force exerted by the biasing mechanism on the first free end portion of the
first lever arm to correspondingly adjust the engagement force exerted by the first free
end portion of the first lever arm on the arresting surface of the scroll wheel.

[00084] According to various embodiments, the biasing mechanism of the input
device may include a torsion spring.

[00085] According to various embodiments, the motion converter of the input device
may include an elongated member which may be configured to be movable linearly
along a longitudinal axis of the elongated member and which may be connected to the
second free end portion of the second lever arm so as to apply the linear motion to the

second free end portion of the second lever arm.
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[00086] According to various embodiments, the motion converter of the input device
may include a rack and pinion mechanism, wherein the elongated member of the motion
converter may be connected to the rack, and the pinion of the motion converter may be
connected to the auxiliary wheel.

[00087] According to various embodiments, the motion converter of the input device
may include a nut and screw shaft mechanism, wherein the elongated member of the
motion converter may be connected to the screw shaft, and the roller of the motion
converter may be connected to the auxiliary wheel.

[00088] According to various embodiments, the motion converter of the input device
may include a crank and slider mechanism, wherein the elongated member of the
motion converter may be connected to the slider, and the crank of the motion converter
may be connected to the auxiliary wheel.

[00089] According to various embodiments, the lever of the input device may include
an elongated connection section which forms a pivot axle defining the pivot axis of the
lever and via which the first and second lever arms are fixedly connected to each other,
wherein the pivot axle extends at least substantially perpendicular to a respective
longitudinal extension direction of both the first and second lever arms.

[00090] According to various embodiments, the elongated connection section of the
lever of the input device may include first and second section ends which are connected
to a first connection end, opposite to the first free end portion, of the first lever arm and
to a second connection end, opposite to the second free end portion, of the second lever
arm, respectively.

[00091] According to various embodiments, there is provided an input device for
communication with a processor-based device. The input device may include a housing.
The input device may also include a rotatable scroll wheel which is mounted on the
housing so as to be partly exposed from the housing to be accessible by a user of the
input device. The scroll wheel may include an arresting surface. The input device may
further include a lever which is provided with first and second lever arms and which is
pivotably mounted to the housing between the first and second lever arms. The lever
may be pivotable to move a first free end portion of the first lever arm to engage with
or disengage from the arresting surface of the scroll wheel so as to interchange the scroll

wheel between a free-wheeling mode and a resistive-wheeling mode. The input device
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may further include a rotary to linear motion converter having a rotary input axis and a
linear output axis. The rotary to linear motion converter being in engagement with a
second free end portion of the second lever arm. The rotary to linear motion converter
may be configured to convert a rotary input motion about the rotary input axis into a
linear output motion along the linear output axis for moving the second free end portion
of the second lever arm so as to pivot the lever about the pivot axis for engaging or
disengaging the first free end portion of the first lever arm and the arresting surface of
the scroll wheel. The pivot axis of the lever and the rotary input axis of the rotary to
linear motion converter may be substantially parallel to each other.

[00092] According to various embodiments, the arresting surface of the scroll wheel
may include a plurality of serrations. According to various embodiments, the first free
end portion of the first lever arm may include a finger configured to fit into a respective
notch between respective two adjacent serrations of the plurality of serrations of the
arresting surface.

[00093] According to various embodiments, the lever may include an elongated
connection section which may form a pivot axle defining the pivot axis of the lever and
via which the first and second lever arms may be fixedly connected to each other.
According to various embodiments, the pivot axle may extend at least substantially
perpendicular to a respective longitudinal extension direction of both the first and
second lever arms.

[00094] According to various embodiments, the elongated connection section may
include first and second section ends which may be connected to a first connection end,
opposite to the first free end portion, of the first lever arm and to a second connection
end, opposite to the second free end portion, of the second lever arm, respectively.
[00095] According to various embodiments, the input device may further include an
electric motor coupled to the rotary to linear motion converter to provide the rotary
input motion for conversion into the linear output motion to move the second free end
portion of the second lever arm.

[00096] According to various embodiments, the input device may further include a
switch mounted to an exterior of the housing, the switch may be configured to activate
the electric motor to provide the rotary input motion in a first direction or in a second

opposite direction.
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[00097] According to various embodiments, the rotary to linear motion converter
may include an elongated member which may be configured to be movable linearly
along a longitudinal axis of the elongated member and which may be in engagement
with the second free end portion of the second lever arm so as to move the second free
end portion of the second lever arm as the elongated member is moved linearly by the
linear output motion of the rotary to linear motion converter.

[00098] According to various embodiments, there is provided an input device for
communication with a processor-based device. The input device may include a housing.
The input device may also include a rotatable scroll wheel which is mounted on the
housing so as to be partly exposed from the housing to be accessible by a user of the
input device. The scroll wheel may include an arresting surface. The input device may
further include a lever which is provided with first and second lever arms and which is
pivotably mounted to the housing between the first and second lever arms. The lever
may be pivotable to move a first free end portion of the first lever arm to engage with
or disengage from the arresting surface of the scroll wheel so as to interchange the scroll
wheel between a free-wheeling mode and a resistive-wheeling mode. The input device
may further include a rotary to linear motion converter in engagement with a second
free end portion of the second lever arm. The rotary to linear motion converter may be
configured to convert a rotary input motion into a linear output motion for moving the
second free end portion of the second lever arm so as to pivot the lever about the pivot
axis for engaging or disengaging the first free end portion of the first lever arm and the
arresting surface of the scroll wheel. The rotary to linear motion converter may include
an elongated member which is configured to be movable linearly along a longitudinal
axis of the elongated member and which is in engagement with the second free end
portion of the second lever arm so as to move the second free end portion of the second
lever arm as the elongated member is moved linearly by the linear output motion of the
rotary to linear motion converter.

[00099] According to various embodiments, the elongated member may include a
projection to engage the second free end portion of the second lever arm, wherein the
projection may be protruding from the elongated member in a protrusion direction
perpendicular to the longitudinal axis of the elongated member. According to various

embodiments, the projection may include an inclined surface, wherein the second free
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end portion of the second lever arm may be engaged to a longitudinal side of the
clongated member from which the projection protrudes such that moving the elongated
member linearly along the longitudinal axis of the elongated member may cause the
second free end portion of the second lever arm to slide along the inclined surface of
the projection to move the second free end portion of the second lever arm along the
protrusion direction perpendicular to the longitudinal axis of the elongated member for
pivoting the lever.

[000100] According to various embodiments, the elongated member may include a
spring-loaded pusher adjacent to a tip of the projection and directed in the protrusion
direction perpendicular to the longitudinal axis of the elongated member, wherein
moving the elongated member linearly along the longitudinal axis of the elongated
member may cause the second free end portion of the second lever arm to slide on or
off the spring-loaded pusher. According to various embodiments, the spring-loaded
pusher may include a pusher member movable in the protrusion direction perpendicular
to the longitudinal axis of the elongated member and a biasing element arranged to bias
the pusher member away from the longitudinal side of the elongated member in the
protrusion direction perpendicular to the longitudinal axis of the elongated member.
[000101] According to various embodiments, the second free end portion of the
second lever arm may include a V-shaped cross-sectional profile, wherein a bottom of
the V-shaped cross-sectional profile may be directed perpendicularly from the second
lever arm.

[000102] According to various embodiments, the input device may further include an
electric motor coupled to the rotary to linear motion converter to provide the rotary
input motion for conversion into the linear output motion to move the second free end
portion of the second lever arm. According to various embodiments, the pivot axis of
the lever and a rotational driving axis of the electric motor may be substantially parallel
to each other.

[000103] According to various embodiments, there is provided an input device for
communication with a processor-based device. The input device may include a housing.
The input device may also include a rotatable scroll wheel which is mounted on the
housing so as to be partly exposed from the housing to be accessible by a user of the

input device. The scroll wheel may include an arresting surface. The input device may
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further include a lever which is provided with first and second lever arms and which is
pivotably mounted to the housing between the first and second lever arms. The lever
may be pivotable to move a first free end portion of the first lever arm to engage with
or disengage from the arresting surface of the scroll wheel so as to interchange the scroll
wheel between a free-wheeling mode and a resistive-wheeling mode. The input device
may further include a rack and pinion motion converter in engagement with a second
free end portion of the second lever arm. The rack and pinion converter may be
configured to convert a rotary input motion into a linear output motion for moving the
second free end portion of the second lever arm so as to pivot the lever about the pivot
axis for engaging or disengaging the first free end portion of the first lever arm and the
arresting surface of the scroll wheel. The pivot axis of the lever and a rotary input axis
of the rack and pinion motion converter may be substantially parallel to each other. The
rack and pinion motion converter may include an elongated member which is
configured to be movable linearly along a longitudinal axis of the elongated member
and which is in engagement with the second free end portion of the second lever arm
so as to move the second free end portion of the second lever arm as the elongated
member is moved linearly by the linear output motion of the rack and pinion motion
converter.

[000104] According to various embodiments, the arresting surface of the scroll wheel
may include a plurality of serrations, wherein the first free end portion of the first lever
arm may include a finger configured to fit into a respective notch between respective
two adjacent serrations of the plurality of serrations of the arresting surface.

[000105] According to various embodiments, the lever may include an elongated
connection section which may form a pivot axle defining the pivot axis of the lever and
via which the first and second lever arms may be fixedly connected to each other,
wherein the pivot axle may extend at least substantially perpendicular to a respective
longitudinal extension direction of both the first and second lever arms, wherein the
elongated connection section may include first and second section ends which may be
connected to a first connection end, opposite to the first free end portion, of the first
lever arm and to a second connection end, opposite to the second free end portion, of

the second lever arm, respectively.
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[000106] According to various embodiments, the input device may further include an
electric motor coupled to the rack and pinion motion converter to provide the rotary
input motion for conversion into the linear output motion to move the second free end
portion of the second lever arm.

[000107] According to various embodiments, the elongated member may include a
projection to engage the second free end portion of the second lever arm, wherein the
projection may be protruding from the elongated member in a protrusion direction
perpendicular to the longitudinal axis of the elongated member.

[000108] According to various embodiments, there is provided an input device for
communication with a processor-based device. The input device may include a housing.
The input device may also include a rotatable scroll wheel which is mounted on the
housing so as to be partly exposed from the housing to be accessible by a user of the
input device. The scroll wheel may include an arresting surface. The input device may
further include a lever which is provided with first and second lever arms and which is
pivotably mounted to the housing between the first and second lever arms. The lever
may be pivotable to move a first free end portion of the first lever arm to engage with
or disengage from the arresting surface of the scroll wheel so as to interchange the scroll
wheel between a free-wheeling mode and a resistive-wheeling mode. The input device
may further include a motion converter having a rotary input axis and a linear output
axis. The motion converter being in engagement with a second free end portion of the
second lever arm. The input device may further include an electric motor coupled to
the motion converter. The motion converter may be configured to convert a rotary input
motion about the rotary input axis provided by the electric motor into a linear output
motion along the linear output axis for moving the second free end portion of the second
lever arm so as to pivot the lever about the pivot axis for engaging or disengaging the
first free end portion of the first lever arm and the arresting surface of the scroll wheel.
[000109] According to various embodiments, the pivot axis of the lever and a
rotational driving axis of the electric motor may be parallel to each other.

[000110] According to various embodiments, the motion converter may include an
elongated member which may be configured to be movable linearly along a longitudinal
axis of the elongated member and which may be in engagement with the second free

end portion of the second lever arm so as to move the second free end portion of the
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second lever arm as the elongated member is moved linearly by the linear output motion
of the motion converter. According to various embodiments, the elongated member
may include a projection to engage the second free end portion of the second lever arm.
According to various embodiments, the projection may be protruding from the
elongated member in a protrusion direction perpendicular to the longitudinal axis of the
elongated member.

[000111] According to various embodiments, the projection may include an inclined
surface. According to various embodiments, the second free end portion of the second
lever arm may be engaged to a longitudinal side of the elongated member from which
the projection protrudes such that moving the elongated member linearly along the
longitudinal axis of the elongated member may cause the second free end portion of the
second lever arm to slide along the inclined surface of the projection to move the second
free end portion of the second lever arm along the protrusion direction perpendicular to
the longitudinal axis of the elongated member for pivoting the lever.

[000112] According to various embodiments, the elongated member may include a
spring-loaded pusher adjacent to a tip of the projection and directed in the protrusion
direction perpendicular to the longitudinal axis of the elongated member. According to
various embodiments, moving the clongated member linearly along the longitudinal
axis of the elongated member may cause the second free end portion of the second lever
arm to slide on or off the spring-loaded pusher.

[000113] According to various embodiments, the spring-loaded pusher may include
a pusher member movable in the protrusion direction perpendicular to the longitudinal
axis of the elongated member and a biasing element arranged to bias the pusher member
away from the longitudinal side of the elongated member in the protrusion direction
perpendicular to the longitudinal axis of the elongated member.

[000114] According to various embodiments, the second free end portion of the
second lever arm may include a V-shaped cross-sectional profile, wherein a bottom of
the V-shaped cross-sectional profile may be directed perpendicularly from the second
lever arm.

[000115] According to various embodiments, the motion converter may include a

rack and pinion mechanism, wherein the elongated member of the motion converter
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may be connected to a rack of the motion converter in a straight line, and a pinion of
the motion converter may be driven by the electric motor.

[000116] According to various embodiments, the input device may further include a
first stopper structure and a second stopper structure spaced apart from each other,
wherein the elongated member and the rack may be between the pair of stopper
structure in a manner such that the first stopper structure and the second stopper
structure may limit linear movement of the elongated member and the rack along the
longitudinal axis of the elongated member.

[000117] According to various embodiments, the input device may further include a
switch mounted to an exterior of the housing, the switch may be configured to activate
the electric motor to provide the rotary input motion in a first direction or in a second
opposite direction.

[000118] FIG. 9A shows a conceptual diagram of an input device 900 according to
various embodiments. The input device 900 may be used to control scrolling in a
computer application running on a computer connected to the input device 900. The
input device 900 may include a rotatable member 952. The rotatable member 952 may
be a scroll wheel, for example, the scroll wheel 140 of the mouse 100. The input device
900 may be configured to generate user input data that is indicative of a rotational speed
of the rotatable member 952. The input device 900 may further include a control circuit
960. The rotatable member 952 and the control circuit 960 may be coupled to one
another, for example, communicatively, electrically, and/or mechanically, as indicated
by the line 970. The control circuit 960 may include a processor, and a software that is
executable by the processor. In alternative embodiments, the control circuit 960 may
be external to the mouse 100. The control circuit 960 may include an input device driver
software that is executable by a computer that is connected to the input device 900.
[000119] According to various embodiments, the input device 900 may switch
between two scroll input modes, namely a direct control mode and a virtual scroll mode.
[000120] According to various embodiments, the input device 900 may include the
mouse 100. The input device 900 may selectively operate in any one of the direct
control mode and a virtual scroll mode, regardless of the mechanical operation mode,
i.e. resistive-wheeling mode or free-wheeling mode, of the input device 900. In other

words, the mechanical operation mode of the input device 900 may be any one of the
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resistive-wheeling mode and free-wheeling mode, while the scroll input mode may be
the direct control mode. Also, the mechanical operation mode of the input device 900
may be any one of the resistive-wheeling mode and free-wheeling mode, while the
scroll input mode may be the virtual scroll mode. In an alternative embodiment, the
input device 900 may not be configured to switch between the resistive-wheeling mode
and the free-wheeling mode.

[000121] FIG. 9B shows a block diagram of the input device 900 according to various
embodiments. The input device 900 may include an encoder 902. The encoder 902 may
be configured to detect pulses generated by the rotatable member 952 when the
rotatable member 952 rotates. The rotatable member 952 may include mechanical or
optical switches that may generate a pulse every time the rotatable member 952is
rotated by a predefined angle. The encoder 902 may transmit the pulses generated by
the rotatable member 952to a position control module 904. The position control module
904 may count the number of pulses received from the encoder 902 to generate a scroll
position count 920 based on the number of pulses received. The scroll position count
920 may be indicative of an amount of rotation. The position control module 904 may
transmit the scroll position count 920 to a host interface block 906. The encoder 902
may also send the pulse generated by the encoder 902, to a wheel speed measurement
module 908. The wheel speed measurement module 908 may measure the average
frequency of the pulses by counting the number of pulses detected over a measurement
period, for example, over 100ms. The wheel speed measurement module 908 may
compute a rotational velocity of the rotatable member 952 based on the average
frequency of the pulses, and may transmit the rotational velocity of the rotatable
member 952 to a virtual scroll controller 912. The rotational velocity may also be
referred herein as the input velocity V;922.

[000122] The virtual scroll controller 912 may select a scroll input mode 924 from
either the direct control mode or the virtual scroll mode, based on V;922. The virtual
scroll controller 912 may select the virtual scroll mode when V: 922 exceeds a direct
control mode threshold, Vper. The virtual scroll controller 912 may output the selected
scroll input mode 924 to the host interface block 906. Once the virtual scroll controller
912 has selected the virtual scroll mode as the scroll input mode 924, the scroll input

mode 924 may remain as the virtual scroll mode until all of the virtual scroll states have
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completed, or when V; 922 as measured by the wheel speed measurement 908 changes
in direction. When V; 922 changes in direction, the virtual scroll controller 912 may
change the scroll input mode 924 to the direct control mode.

[000123] The virtual scroll controller 912 may also be configured to initialize the
virtual scroll state in the virtual scroll mode. The virtual scroll controller 912 may
further select the subsequent virtual scroll states in the virtual scroll mode. The virtual
scroll states may be selected from idle state, ramp up state, cruise state, and ramp down
state. Each virtual scroll state may be associated with a respective output function. The
virtual scroll controller 912 may compute an output velocity U; 926 based on the output
function associated with the selected virtual scroll state. In the virtual scroll mode, the
output velocity 926 may be higher than physically allowable by the input device 900.
The output velocity 926 may be non-zero even when the rotatable member 952 is not
rotating, such that the time duration of scrolling in the computer application may be
longer than a time duration of user input through the rotatable member 952. The
relationship between V; 922 and U; 926 in the virtual scroll mode will be described with
respect to FIGS. 10A to 10C, and FIGS 13A to 13C.

[000124] The virtual scroll controller 912 may compute a virtual position count 928
based on the output velocity 926. The virtual position count 928 may indicate an amount
of rotation, like the scroll position count 920, except that it is generated by the virtual
scroll controller 912, instead of being computed directly based on the number of pulses
generated by the encoder 902.

[000125] The host interface block 906 may read the scroll position count 920 or the
virtual position count 928 at a fixed update frequency, in other words, updated once
every update time interval, for example, once every 100 milliseconds. Each of the
position control module 904 and the virtual scroll controller 912 may reset their
respective scroll position count 920 and virtual position count after the counts are read
by the host interface block 906. The host interface block 906 may transmit the count
value (either scroll position count 920 or the virtual position count 928) to the computer
that the input device 900 is connected to, at the fixed update frequency. The computer
may translate the count value into a corresponding amount of scrolling in a computer

application. As the host interface block 906 transmits the count value at a regular
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frequency, the higher the count value, the higher the speed of the scrolling action in the
computer application.

[000126] Based on the received scroll input mode 924, the host interface block 906
may transmit either the scroll position count 920 or the virtual position count 928 to the
computer connected to the input device 900. When the virtual scroll controller 912
outputs the direct control mode as the scroll input mode 924, the host interface block
906 may transmit the scroll position count 920 to the computer. When the virtual scroll
controller 912 outputs the virtual scroll mode as the scroll input mode 924, the host
interface block 906 may transmit the virtual position count 928 to the computer.
[000127] Consequently, when the input device 900 is operating in the direct control
mode, the scrolling action that is effected in the computer application may be directly
dependent on the rotation speed of the rotatable member 952. On the other hand, when
the input device 900 is operating in the virtual scroll mode, the scrolling action that is
effected in the computer application is determined by the virtual scroll controller 912.
[000128] The virtual scroll speed controller 912 may further transmit the output
velocity 926, U,, to a light emitting diode (LED) control module 914. The LED control
module 914 may operate one or more light emitters or LEDs on the input device based
on the scroll input mode or the output velocity 926 such that the LEDs emit a lighting
pattern that visually represents the output velocity 926, ie. representative of the
scrolling speed in the application. For example, the blinking frequency of the LEDs
may be proportional to the scrolling speed in the application. As an example, the
blinking frequency (in hertz) may be determined by multiplying the output velocity 926
by a factor of 10. By way of example, the LEDs on the input device emit light through
light emitting regions that are positioned along the scroll wheel, through a product logo
on a top surface of the input device or other light pipes on any other surfaces of the
input device.

[000129] According to various embodiments, at least one of the wheel speed
measurement module 908 and the virtual scroll speed controller 912 may be part of the
control circuit 960.

[000130] FIGS. 10A to 10C are graphs that illustrate the relationship between the
input velocity V; and the output velocity U; in the virtual scroll mode, according to

various embodiments. As described with respect to FIG. 9B, the input velocity V; is an
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output of the wheel speed measurement module 908, while the output velocity U; is an
output of the virtual scroll controller 912. V; may indicate the rotational velocity of the
rotatable member 952, while U; may indicate the scrolling speed in the computer
application when the input device 900 is operating in the virtual scroll mode.
[000131] Each of the graphs include a horizontal axis 1302 that represents sampling
time, 7, as well as a vertical axis 1304 that represents velocity. Each graph also includes
a dashed-line plot that represents V; ; and a solid-line plot 1308 that represents Us.
[000132] Referring to FIG. 10A, the virtual scroll mode may include a plurality of
virtual scroll states, namely, idle state 1202, ramp up state 1212, cruise state 1214, and
ramp down state 1216.
[000133] An initial state of the virtual scroll mode may be the idle state 1202. In the
idle state 1202, both V; and U; may be zero.
[000134] A user of the input device 900 may provide an input 1306 by turning the
rotatable member 952, for example, by flicking the rotatable member 952 once. V; may
increase from zero to Vi, and then back to zero, in a parabolic curve.
[000135] The idle state 1202 may end and the ramp up state 1212 may begin, once V;
is non-zero, i.e. when the rotatable member 952 is rotated. In the ramp up state 1212,
V:may be accelerating. In the ramp up state, the value of U; may depend on V;. U; may
be higher than V; and may also increase at a faster rate than V. The virtual scroll
controller 912 may determine U; based on V;, and an acceleration factor (AF). U; in the
ramp up state 1212 may be expressed as:
U; = Scrollup_speed (Vi)

where Scrollup_speed (V) = VixAF
The acceleration factor may be user-definable through a driver software. The
acceleration factor may lie in a range from 0.25 to 5, for example, possible values
include 0.5, 1, 1.5, 2, and 3.
[000136] As V;reaches a local maxima 1302, where V; ceases to increase any further,
the virtual scroll state may switch from the ramp up state 1212 to the cruise state 1214.
The value of V; at the local maxima 132 is denoted as Viuu. The value of U; when V; -
Vinax, 1s denoted as Upay. In other words, Uma = Scrollup_speed (Viax).
[000137] In the cruise state 1214, U; may remain at least substantially uniform at the

last known output speed of the ramp up state 1212, Uy.ax, even as V;decreases to zero.
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As such, Unax may also be referred herein as the output cruise speed. In other words, in
the cruise state 1214, U; = Unax. In the cruise state 1214, U; may be independent of V..
[000138] If there is no further user input, such that V; drops to zero after peaking at
the local maxima 1302, the cruise state 1214 may continue for a cruise time, Tinax. Tnax
may be directly proportional to Upax. The virtual scroll controller 912 may compute
Tmax based on Uy, as follows:
Tnax= Scroll_duration(Usmazx),
where Scroll_duration (U) = U x Inertia Factor [sec]
[000139] The inertial factor (/F) may be selectable by the user, for example, entered
as an input to a device driver software. The inertial factor may be selectable from O to
1, in incremental values of 0.1. The higher the output cruise speed, the longer the cruise
duration may be.
[000140] Following the cruise state 1214 may be the ramp down state 1216. In the
ramp down state 1216, U; may decrease over a ramp down time to zero. In the ramp
down state 1216, U; may decelerate linearly. If there is no user input, U: may decrease
gradually. If the user provides an active braking input, U; may decrease sharply.
[000141] The virtual scroll controller 912 may compute the value of U; in the ramp
down state 1216, as follows:
U= Scrolldown_speed(Unmax, Taown),
where Scrolldown_speed(Unax, Taown) = Unax - (Deceleration Factor X t), and Taown 18
a flag which may be set as “Fast” or “Slow”.
[000142] The deceleration factor (DF) may be dependent on Taown. In other words,
DF may have a “SLOW?” value when Tjown 18 set to “Slow” and DF may have a “FAST”
value when Tuoun is set to “Fast”. The values of DF may be selectable by the user. For
example, the deceleration factor when Taown 1s set to “Slow”, may be in a range of 0.5
to 1 for t=100ms. For example, the deceleration factor when 7ons 1S set to “Fast” may
be in a range of 5 to 10, for /=100ms.
[000143] After U; has decreased to zero, the virtual scroll state may revert to the idle
state 1202.
[000144] This virtual scroll mode may be similar to a bicycle chain freewheeling
mechanism — the bicycle chain wheel mechanism may enable a cyclist to pedal fast for

a short while and then stop pedalling, while the bicycle will continue to cruise for some
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time before it stops. Similarly, the virtual scroll mode with its various virtual scroll
states, emulate the behaviour of the bicycle chain well. U; may maintain at Upax for the
cruise time Tuqx, even after V;has dropped to zero. In other words, in the virtual scroll

mode, the time duration of the scrolling in the computer application may be longer than

the time duration of rotation of the rotatable member.

[000145] FIG. 10B is similar to FIG. 10A, except that the ramp down time is

shortened due to a soft braking input provided by the user, i.e. The ramp down time

(Taown) 1s set to “Fast”. FIG. 10B shows that a soft braking input 1315 is provided right

after an end of the input 1306. The soft braking input 1315 may be a negative input
velocity. The user may generate the soft braking input 1315 by changing the rotation
direction of the rotatable member, for example by flicking the rotatable member 952.

The soft braking input 1315 may be a parabolic curve.

[000146] When the rotation direction of the rotatable member changes and reaches a
maximum magnitude that meets or exceeds a fast ramp down threshold, |Vrro|, the
virtual scroll controller 912 may switch the virtual scroll state from the cruise state 1214,
to the ramp down state 1216. On detection of the change in the rotation direction of the

rotatable member, the virtual scroll controller 912 may apply the fast deceleration factor,
in its computation of U;. Consequently, the ramp down time may be shorter as compared
to the ramp down time shown in FIG. 10A when Tgoyn is “Fast”.

[000147] FIG. 10C shows the input and output velocities, when the user provides a
hard braking input 1317 during the ramp down state 1216. The hard braking input 1317

may be similar to the soft braking input 1315, but with a larger maximum magnitude

that exceeds a braking threshold |Vs7. Upon receiving from the wheel speed
measurement module 908, information that the input velocity meets or exceeds the
braking threshold, the virtual scroll controller 912 may switch the virtual scroll state to
the idle state 1202.

[000148] According to alternative embodiments, the virtual scroll state may switch
to the idle state 1202, ramp down state 1216 or other states based on other types of user
input. For example, when the rotatable member is depressed in a downward motion, or

when one of the other input device buttons are activated.
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[000149] FIG. 11 shows processes relating to each virtual scroll state as described
with respect to FIGS. 10A to 10C, according to various embodiments. In the idle state
1102, both the input velocity and the output velocity may be zero.

[000150] In the ramp up state 1122, the output velocity may be a function of the input
velocity. In 1124, the virtual scroll controller 912 may compute U; based on V;, based
on the function U; = Scrollup_speed(V;). In 1128, the virtual scroll controller 912 may
compute the virtual position count based on U; The virtual position count may be
computed by dividing U; over the update time interval.

[000151] In the cruise state 1130, U; may maintain at a fairly constant value. In 1132,
the virtual scroll controller 912 may set U:to be at least substantially equal to the last
known value of U; of the ramp up state 1122, which may be Upnx =
Scrollup_speed(Viax). Next, in 1128, the virtual scroll controller 912 may compute the
virtual position count based on U, In 1136, the virtual scroll controller 912 may
determine whether the cruise time 7qx has expired. If Tinaxhas expired, the virtual scroll
state may switch to the ramp down state, and Taw. may be set to “slow”, in 1138, like
shown in FIG. 10A. Otherwise, the virtual scroll state may remain as the cruise state.
[000152] In the ramp down state 1140, U; may decrease. In 1142, the virtual scroll
controller 912 may compute U;based on Uma and Taown, according to the function U; =
Scrolldown_speed(Upax, Taown). The virtual scroll controller 912 may compute the
virtual position count based on U;, in 1128. In the ramp down state 1216, U; may
decrease over a ramp down time, to zero. In 1146, the virtual scroll controller 912 may
determine whether U is less than, or equal to, zero. If U is less than, or equal to, zero,
the virtual scroll controller 912 may change the virtual scroll state to the idle state 1102.
Otherwise, the virtual scroll state may remain as the ramp down state 1140.

[000153] According to various embodiments, the input device 900 may have a smart
scroll capability. The input device 900 may include the mouse 100. Specifically, when
the input velocity exceeds the direct control mode threshold, the electric motor 653 of
the mouse 100 may switch the mechanical operation mode of the mouse from the free-
wheeling mode to the resistive-wheeling mode, by moving the lever 160 to disengage
from the arresting surface 142 of the rotatable member 952. In the resistive-wheeling
mode, the host interface block 906 may receive the scroll position counter 920 from the

position control module 904 and may translate the scroll position counter 920 into a
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scrolling user input for controlling scrolling. The smart scroll capability may allow the
rotatable member 952 to achieve higher physical velocity when it enters into the virtual
scroll mode. The scroll wheel control may go back to the resistive-wheeling mode after
the output velocity becomes zero again.

[000154] FIGS. 12 and 13 show a flowchart of a method of determining the virtual
scroll states, for example, as described in relation to FIGS. 10A to 10C, according to
various embodiments.

[000155] Referring to FIG. 12, in 1002, the virtual scroll controller 912 may receive
information about the input velocity, V;, from the wheel speed measurement module
908. In 1004, the virtual scroll controller 912 may compare the input velocity against a
direct control mode threshold, and determining whether the input velocity is higher than
the direct control mode threshold. In 1004, the virtual scroll controller 912 may also
determine whether the scroll input mode 924 is the virtual scroll mode. If the input
velocity exceeds the direct control mode threshold, or if the scroll input mode 924 is
the virtual scroll mode, the virtual scroll controller 912 may output the scroll input mode
924 as the virtual scroll mode, in 1006. Otherwise, the scroll input mode 924 may be
the direct control mode, and the virtual scroll controller 912 may output the virtual
scroll state as the idle state, in 1008.

[000156] If the scroll input mode 924 is the virtual scroll mode, the virtual scroll
controller 912 may determine whether there is a change in scroll direction, in 1010. If
there is a change in the scroll direction, the virtual scroll controller 912 may determine
whether the present input velocity V;, is larger than the input velocity at an immediately
preceding time instance, V:j, in other words, to determine if there is a subsequent
rotational input of the rotatable member, such as another quick scroll of the rotatable
member, in 1012. If there is another rotational input, the method may proceed to 1020,
denoted as “A”, which will be described subsequently, with respect to FIG. 12. If there
is no subsequent rotational input detected in 1012, the virtual scroll controller 912 may
output the virtual scroll state, as the cruise state, in 1014.

[000157] Ifachange in scroll direction is detected in 1010, the virtual scroll controller
912 may proceed to 1016, to determine whether the rotational speed, i.e. magnitude of
the rotational velocity in the changed direction, is larger than a braking threshold, Var.

If the rotational speed exceeds the braking threshold, the virtual scroll controller 912
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may set U; to zero and also set the virtual scroll state as idle, in 1018. In other words,
if the rotatable member is rotated at a speed higher than the braking threshold, in an
opposite direction, the scrolling in the application stops. This action may be referred
herein as a ‘hard brake’ to the scrolling. If in 1016, the rotational speed is determined
to be equal, or less than, the braking threshold, the virtual scroll controller 912 may set
the virtual scroll state as the ramp down state, in 1022. In 1022, the virtual scroll
controller 912 may also set Tuown to “fast” so that U; decreases to zero in a short time,
like shown in FIG. 10B. In 1022, the virtual scroll controller 912 may also set 7 to be
equal to Ty to end the cruise state.
[000158] Referring to FIG. 13, which continues from 1020 of FIG. 12,
[000159] in 1024, if the existing scroll state is “idle’ or if the existing virtual scroll
state is “ramp up”, the virtual scroll controller 912 may define a parameter Vi, and
may compute Tiax and Upax based on Viax , in 1026. Viuax denotes the maximum input
velocity. Tmax denotes the cruise time in the cruise state. Unax denotes the cruise speed
in the cruise state. V..« may be set as the same value as the present input velocity V;,
i.e. Viuax= V:. Each of Ty and Upax may be a function of Vi For example: 7). may
be expressed as Tmax= scroll_duration(Vimax). For example, Unmq may be expressed as
Upnax = scrollup_speed( V). After determining 7ynax and Unax, the method may include
setting the virtual scroll state as “ramp up”, in 1028.
[000160] If in 1024, the existing virtual scroll state is “cruise”, the virtual scroll
controller 912 may compute a new parameter Uy, in 1025. The virtual scroll controller
912 may compute Uy, based on the function:

U.p = Scrollup_speed(V).
[000161] Next, the virtual scroll controller 912 may determine whether U, is larger
than Upax, in 1030. If in 1030, it is determined that Uy, exceeds Unax, the virtual scroll
controller 912 may determine 7 and U, in 1026. As a result, the virtual scroll state
may enter another ramp up state where the output velocity may increase to a higher
value, before entering another cruise state, like shown in FIG. 14A.
[000162] Conversely, if in 1030, it is determined that U, is less than, or equal to,
U nax, the virtual scroll controller 912may restart the cruise time, i.e. to reset Tinax to zero,

in 1036. Following 1036, the virtual scroll controller 912 may set the virtual scroll state
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to “cruise” in 1038. As a consequence of resetting the cruise timer, the time duration of
the cruise state may be extended, like shown in FIG. 14C.

[000163] In 1024, if the existing virtual scroll state is “ramp down”, the virtual scroll
controller 912 may compute a new parameter Ujown, in 1040. The virtual scroll
controller 912 may compute Ugons according to the function Ugows = scrollup_speed(V5).
The virtual scroll controller 912may further determine whether the present output speed
U; is larger than Ugown, in 1042. If U; > Udown, the virtual scroll controller 912 may
determine 7max and Umax, in 1026, and then set the virtual scroll state as ramp up in 1028.
As aresult, the output velocity may increase to a new maximum value and subsequently,
the virtual scroll state may enter another cruise state with the new maximum value as
the cruise speed, like shown in FIG. 14B. Otherwise, if U; < Ugown, the virtual scroll
controller 912 may set the virtual scroll state as “ramp down”, in 1046.

[000164] FIGS. 14A to 14C are graphs that illustrate the relationship between the
input velocity V; and the output velocity U; in the virtual scroll mode, according to
various embodiments. FIGS. 14A to 14C are similar to FIGS. 10A to 10C, but further
involve a second user input that increases the input velocity.

[000165] Referring to FIG. 14A, the virtual scroll state may switch to the cruise state
1214, after the input velocity of the first user input reaches a local maxima 1302, like
shown in FIG. 10A. The local maxima 1302 may correspond to a maximum input
velocity Vi, and the scrolling speed in the cruise state 1214 may be Upuar. After the
input velocity drops to zero, while still in the cruise state 1214, the user may provide a
second user input, by rotating the rotatable member again, this time, to a higher
maximum input velocity Ve at another maxima 1304. The virtual scroll state may
switch to the ramp up state 1212, where the output velocity increases as a function of
the input velocity. The virtual scroll state may then switch to a second cruise state 1214’
when the input velocity reaches the maxima 1304. As the maxima 1304 is higher than
the maxima 1302, the resulting output velocity Una2 in the second cruise state 1214’
may be higher than Usux. The cruise time duration in the cruise state 1214 is denoted as
T cruise 2.

[000166] FIG. 14B shows the input and output velocities, when the user provides a
second user input to increase the scrolling speed, while in the ramp down state 1216.

Like shown in FIG. 10A, if no further user input is provided after 7}, the virtual cruise
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state may switch from the cruise state 1214 to the ramp down state 1216. If the user
provides a second user input such that the input velocity increases past the direct control
mode threshold, Vpcr, again, the virtual scroll state may switch to the ramp up state
1212, where the output scroll speed increases to Umarz based on the maximum input
speed of Viuus. Following the ramp up state, the scroll control mode may switch to the
cruise state 1214 again, this time with a higher output cruise speed of Umaxs. The cruise
time duration in the second cruise state 1214 is denoted as T cruise3.

[000167] FIG. 14C shows the input and output velocities, when the user provides a
second user input to extend the time duration in the cruise state 1214. During the cruise
state 1214, after the input velocity has dropped to zero, the user may rotate the rotatable
member again so that the input velocity increases past the direct control mode threshold,
Vper. The cruise state may continue for an additional time duration T_cruiserxr.
[000168] Example 1 is an input device including: a rotatable member; a virtual scroll
controller configured to select a virtual scroll state from a plurality of virtual scroll
states based on a rotational velocity of the rotatable member, each virtual scroll state
associated with a respective output function; wherein the virtual scroll controller is
further configured to compute an output velocity according to the output function
associated with the selected virtual scroll state, and further configured to generate a
virtual position count based on the computed output velocity; and a host interface block
configured to send the generated virtual position count to a computing device
connectable to the input device.

[000169] In example 2, the subject-matter of example 1 can optionally include that
the virtual scroll controller is further configured to select a scroll input mode from a
group consisting of a direct control mode and a virtual scroll mode, based on the
rotational velocity of the rotatable member.

[000170] In example 3, the subject-matter of example 2 can optionally include that
the host interface block is configured to send the generated virtual position count to the
computing device in response to the virtual scroll controller selecting the virtual scroll
mode as the scroll input mode.

[000171] In example 4, the subject-matter of example 3 can optionally include: a
position control module configured to generate a scroll position count based on an

amount of rotation of the rotatable member, wherein the host interface block is
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configured to send the generated scroll position count to the computing device in
response to the virtual scroll controller selecting the direct control mode as the scroll
input mode.

[000172] In example 5, the subject-matter of any one of examples 2 to 3 can
optionally include that the virtual scroll controller is configured to select the virtual
scroll mode as the scroll input mode, in response to the rotational velocity exceeding a
direct control mode threshold.

[000173] In example 6, the subject-matter of any one of examples 1 to 5 can
optionally include that the virtual position count is non-zero for a time duration longer
than a time duration of rotation of the rotatable member.

[000174] In example 7, the subject-matter of any one of examples 1 to 6 can
optionally include that the plurality of virtual scroll states includes a ramp up state, a
cruise state, and a ramp down state.

[000175] In example 8, the subject-matter of example 7 can optionally include that
according to the output function associated with the ramp up state, the output velocity
depends on the rotational velocity and an acceleration factor.

[000176] In example 9, the subject-matter of example 8 can optionally include that
the acceleration factor is user-definable through a driver software.

[000177] In example 10, the subject-matter of any one of examples 7 to 9 can
optionally include that according to the output function associated with the cruise state,
the output velocity depends on a maximum rotational velocity in the ramp up state.
[000178] In example 11, the subject-matter of any one of examples 7 to 10 can
optionally include that according to the output function associated with the ramp down
state, the output velocity depends on a deceleration factor.

[000179] Inexample 12, the subject-matter of example 11 can optionally include that
the deceleration factor is user-definable through a driver software.

[000180] In example 13, the subject-matter of any one of examples 1 to 12 can
optionally include: a light emitter; and a light emitter control circuit configured to
control operation of the light emitter based on the virtual position count.

[000181] In example 14, the subject-matter of any one of examples 1 to 13 can

optionally include: an encoder configured to generate pulses based on rotation of the
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rotatable member; and a wheel speed measurement module configured to determine the
rotational velocity based on an average frequency of the generated pulses.

[000182] Example 15 is a method of providing a scrolling input to a computing device.
The method includes: selecting a virtual scroll state from a plurality of virtual scroll
states based on a rotational velocity of a rotatable member of an input device, wherein
each virtual scroll state is associated with a respective output function; computing an
output velocity according to the output function associated with the selected virtual
scroll state; generating a virtual position count based on the computed output velocity;
and sending the generated virtual position count to a computing device connected to
the input device.

[000183] In example 16, the subject-matter of example 15 can optionally include:
selecting a scroll input mode from a group consisting of a direct control mode and a
virtual scroll mode, based on the rotational velocity of the rotatable member; and
sending the generated virtual position count to the computing device in response to
selecting the virtual scroll mode as the scroll input mode.

[000184] In example 17, the subject-matter of any one of examples 15 to 16 can
optionally include that the plurality of virtual scroll states includes a ramp up state, a
cruise state, and a ramp down state.

[000185] Inexample 18, the subject-matter of example 17 can optionally include that
according to the output function associated with the ramp up state, the output velocity
depends on the rotational velocity and a user-definable acceleration factor.

[000186] In example 19, the subject-matter of any one of examples 17 to 18 can
optionally include that according to the output function associated with the cruise state,
the output velocity depends on a maximum rotational velocity in the ramp up state.
[000187] In example 20, the subject-matter of any one of examples 17 to 19 can
optionally include that according to the output function associated with the ramp down
state, the output velocity depends on a user-definable deceleration factor.

[000188] While the invention has been particularly shown and described with
reference to specific embodiments, it should be understood by those skilled in the art
that various changes, modification, variation in form and detail may be made therein
without departing from the scope of the invention as defined by the appended claims.

The scope of the invention is thus indicated by the appended claims and all changes
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which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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CLAIMS

1. An input device comprising;

a rotatable member;

a virtual scroll controller configured to select a virtual scroll state from a
plurality of virtual scroll states based on a rotational velocity of the rotatable member,
each virtual scroll state associated with a respective output function;

wherein the virtual scroll controller is further configured to compute an output
velocity according to the output function associated with the selected virtual scroll
state, and further configured to generate a virtual position count based on the
computed output velocity; and

a host interface block configured to send the generated virtual position count

to a computing device connectable to the input device.

2. The input device of claim 1, wherein the virtual scroll controller is further
configured to select a scroll input mode from a group consisting of a direct control
mode and a virtual scroll mode, based on the rotational velocity of the rotatable

member.

3. The input device of claim 2, wherein the host interface block is configured to
send the generated virtual position count to the computing device in response to the

virtual scroll controller selecting the virtual scroll mode as the scroll input mode.

4. The input device of claim 3, further comprising:

a position control module configured to generate a scroll position count based
on an amount of rotation of the rotatable member,

wherein the host interface block is configured to send the generated scroll
position count to the computing device in response to the virtual scroll controller

selecting the direct control mode as the scroll input mode.
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5. The input device of claim 2, wherein the virtual scroll controller is configured
to select the virtual scroll mode as the scroll input mode, in response to the rotational

velocity exceeding a direct control mode threshold.

6. The input device of claim 1, wherein the virtual position count is non-zero for

a time duration longer than a time duration of rotation of the rotatable member.

7. The input device of claim 1, wherein the plurality of virtual scroll states

comprises a ramp up state, a cruise state, and a ramp down state.

8. The input device of claim 7, wherein according to the output function
associated with the ramp up state, the output velocity depends on the rotational

velocity and an acceleration factor.

9. The input device of claim 8, wherein the acceleration factor is user-definable

through a driver software.

10.  The input device of claim 7, wherein according to the output function
associated with the cruise state, the output velocity depends on a maximum rotational

velocity in the ramp up state.

11. The input device of claim 7, wherein according to the output function
associated with the ramp down state, the output velocity depends on a deceleration

factor that is user-definable through a driver software

12.  Theinput device of claim 1 further has a smart scroll capability to switch
between a free-wheeling mode and a resistive-wheeling mode based on the rotational

velocity.

13. The input device of claim 2, further comprising;

one or more light emitters; and



WO 2022/062895 PCT/CN2021/116988

54

a light emitter control circuit configured to control operation of the light

emitters based on the scroll input mode.

14.  Theinput device of claim 1, further comprising;

an encoder configured to generate pulses based on rotation of the rotatable
member; and

a wheel speed measurement module configured to determine the rotational

velocity based on an average frequency of the generated pulses.

15. A method of providing a scrolling input to a computing device, the method
comprising:

selecting a virtual scroll state from a plurality of virtual scroll states based on a
rotational velocity of a rotatable member of an input device, wherein each virtual
scroll state is associated with a respective output function;

computing an output velocity according to the output function associated with
the selected virtual scroll state;

generating a virtual position count based on the computed output velocity; and

sending the generated virtual position count to a computing device connected

to the input device.

16. The method of claim 15, further comprising:

selecting a scroll input mode from a group consisting of a direct control mode
and a virtual scroll mode, based on the rotational velocity of the rotatable member;
and

sending the generated virtual position count to the computing device in

response to selecting the virtual scroll mode as the scroll input mode.

17. The method of claim 15, wherein the plurality of virtual scroll states

comprises a ramp up state, a cruise state, and a ramp down state.
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18. The method of claim 17, wherein according to the output function associated
with the ramp up state, the output velocity depends on the rotational velocity and a

user-definable acceleration factor.

19. The method of claim 17, wherein according to the output function associated
with the cruise state, the output velocity depends on a maximum rotational velocity in

the ramp up state.

20. The method of claim 17, wherein according to the output function associated
with the ramp down state, the output velocity depends on a user-definable

deceleration factor.



