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INPUT DEVICE INCLUDING ASCROLL WHEEL 
ASSEMBLY FOR MANIPULATING AN MAGE IN 

MULTIPLE DIRECTIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of prior U.S. 
application Ser. No. 10/183,993, filed Jun. 28, 2002, the 
entire contents of which are incorporated herein by refer 
CCC. 

FIELD OF THE INVENTION 

0002 The present invention relates to an input device 
including an assembly for moving an image in multiple 
directions on a display screen. More particularly, the present 
invention relates to a scroll wheel assembly that, when part 
of a peripheral or integral input device that is operatively 
connected to a host computer, can move an image in 
multiple axes relative to the display screen. 

BACKGROUND OF THE INVENTION 

0003. The viewable contents of a computer file, such as 
a text document, spreadsheet, digital photograph, Web page, 
or other image rendered on a conventional display screen, 
may possess a size exceeding the viewable boundaries of the 
display screen. To address this issue, an individual may 
utilize a scrolling method to scroll the image relative to the 
display screen. Scrolling, as used herein and as is known in 
the art, describes the movement of an image relative to a 
display screen in a particular direction. For example, "scroll 
ing down' generally describes moving the viewable contents 
of a file (such as a text document or image) relative to a 
display Screen so as to produce an effect of moving down in 
the document or image. Similarly, the terms scroll up, Scroll 
left and scroll right relate to moving the viewable contents 
of a file relative to a screen so as to produce an effect of 
moving a document or image up, left, and right, respectively. 
The term Scrolling as used herein also includes panning, 
which is the automatic and/or continuous scrolling of an 
image, often in response to a single command or input. 
0004 Scroll wheels have been provided on computer 
mice, and have been used by computer operators to move an 
image on a display Screen. A scroll wheel assembly typically 
includes a rotatable scroll wheel and a sensor to measure and 
encode rotation. Typically, the scroll wheel is located within 
a housing of a mouse or other peripheral computer device. 
A portion of the scroll wheel protrudes upwardly out of an 
opening in the housing, and is rotated in order to vertically 
scroll the image displayed on the screen. An example of a 
mouse including a known Scroll wheel assembly is described 
in U.S. Pat. No. 5,912,661, entitled “Z-ENCODER 
MECHANISM which is hereby fully incorporated by ref 
CCC. 

0005. In operation, a conventional scroll wheel is nor 
mally rotated about a transversely extending axis secured 
within a housing. An encoder wheel is coupled to the scroll 
wheel and rotates when the scroll wheel rotates. As the scroll 
wheel is rotated, an encoder senses the rotation of the 
encoder wheel, and delivers a corresponding signal to a host 
computer. That signal can be used to move an image, as is 
known in the art and disclosed in U.S. Pat. No. 5,912,661. 
Notably, this allows a user to scroll the image without 
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changing the position of the mouse and/or the cursor, and 
instead only requires rotating the scroll wheel (versus the 
entire mouse or other device) with a thumb or finger. 
However, displayable portions of spreadsheets and many 
other types of documents and Screen images are often wider 
than the display Screen, and the user must also scroll 
horizontally across the screen to see the entire file. When the 
user needs to move the image horizontally across the display 
screen, the user must typically perform additional steps 
beyond what is required for vertical scrolling. This can 
include locating a graphical user interface in the form of a 
horizontal scroll bar (usually located near the bottom of the 
display), positioning the cursor on the Scroll bar, and then 
rotating the wheel. Locating the scroll bar can be very 
difficult for people with bad eyesight, small display screens 
and/or poor hand-eye coordination. Using a horizontal scroll 
bar also requires a user to shift his or her gaze from the 
portion of the document being viewed, and then relocate that 
portion after horizontal scrolling. Even if the size of the 
horizontal scroll bar and/or the screen resolution can be 
adjusted, the user must nevertheless perform additional 
pointing tasks which are more time-consuming and mentally 
intensive than simply rotating a wheel or pushing a button. 
Alternative graphically assisted tools for horizontal scrolling 
(e.g., positioning a cursor over a horizontal scroll bar, 
selecting the Scroll bar, and moving the cursor) also require 
cursor repositioning, and have similar drawbacks. 
0006 Microside Corporation of Miami, Fla. offers a 
“Micro Scroll II mouse that permits a user to scroll an 
image in multiple perpendicular directions. This mouse 
includes a first rotatable wheel for Scrolling an image up and 
down, and a second, separate rotatable wheel for Scrolling an 
image left and right. The rotatable wheels are oriented so 
they extend and rotate in planes that are perpendicular to 
each other. The two scroll wheels are independently oper 
able. However, this arrangement has drawbacks. The two 
wheels take up limited space on the upper Surface area on the 
mouse, which could be used for Supporting the hand of the 
user or for additional input keys. Further, the two wheels are 
relatively small in size so as to accommodate both wheels on 
the upper surface of the mouse. The smaller sized scroll 
wheels make the scrolling more difficult to control. Addi 
tionally, the location of the horizontal scroll wheel can be 
inconvenient for effective control. Further, with this design, 
it might be difficult for some users to easily reach and 
manipulate both of the wheels. 
0007 Accordingly, there remains a need for improved 
input devices facilitating Scrolling in multiple directions. 

SUMMARY OF THE INVENTION 

0008. The present invention allows a user to conveniently 
scroll a screen image, in multiple directions, with simple 
thumb or finger movements. In one embodiment, the inven 
tion includes a scroll wheel assembly having a rotatable 
member attached to a device for sensing and encoding 
rotational motion. The encoded rotational motion in turn 
causes scrolling of an image on a display screen along an 
axis. Positioned within the rotatable member is an actuator 
that, in response to pressure on different parts of the actuator, 
can scroll the image along a second axis. The scroll wheel 
assembly can be used in a mouse, in a keyboard, in a 
trackball, in an internet appliance, in a notebook computer, 
in a tablet computer, in a pocket computer, in a Personal 
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Digital Assistant, and in other applications where multidi 
rectional Scrolling is desired or useful. Pressure upon addi 
tional parts of the actuator can, in some embodiments, 
provide additional screen functions. Functions and com 
mands corresponding to manipulation of the actuator and/or 
rotatable member may also be programmable. 
0009. In one embodiment, the invention includes an input 
device that is in communication with the display device 
screen. The input device has a housing with an opening 
defined therein. An actuator is positioned within the input 
device, and at least part of that actuator protrudes through 
the opening. The actuator has at least two actuated condi 
tions. Distinguishable signals are generated in those actuated 
conditions. A rotational member Surrounds the actuator, and 
also protrudes at least partially through the opening. The 
rotational member is rotatable with respect to the housing, 
and continuously rotatable through multiple complete revo 
lutions. 

0010 Further advantages and features of the invention 
are set forth in the detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 illustrates one input device according to the 
present invention for scrolling an image in multiple direc 
tions on a display Screen of a host computer; 
0012 FIG. 2 is a perspective view of one embodiment of 
a scroll wheel assembly according to the present invention; 
0013 FIG. 3 is an exploded perspective view of the 
scroll wheel assembly of FIG. 2; 
0014 FIG. 4 is partial cross section, in partially sche 
matic form, of the scroll wheel assembly of FIG. 3; 
0015 FIG. 5 is partial cross section similar to FIG.4, but 
showing button 24 in an actuated condition; 
0016 FIGS. 6 and 7 are partially schematic, partial 
cut-away views of various mounting arrangements for the 
scroll wheel assembly of the invention within a computer 
mouse; 

0017 FIG. 8 is a drawing of a scroll wheel assembly 
according to the present invention as part of a keyboard; and 
0018 FIGS. 9A-9D show an another embodiment of a 
scroll wheel assembly according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019 FIGS. 1-7 illustrate an exemplary embodiment of 
a scroll wheel assembly 20 of the present invention as 
adapted for use in an input device such as computer mouse 
10. For convenience, the invention will first be described 
with reference to the mouse 10 of FIG. 1. However, the 
invention is not so limited, and as set forth in detail below, 
can be used in multiple devices and in multiple configura 
tions. Scroll wheel assembly 20 includes a rotatable member 
22 and a button 24. Rotatable member 22 will generally 
(though not necessarily) be round. For convenience, rotat 
able member 22 will hereinafter be referred to as a scroll 
wheel. However, and as set forth herein, rotatable member 
22 could also be used as a "Zoom’ wheel, a volume control, 
or for other purposes. By rotating scroll wheel 22, an image 
1 (which may be text, graphics, a combination of text and 
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graphics, or other displayable information) on the screen of 
display 2 may be moved up or down along a Y-axis. By 
pressing button 24, image 1 may be scrolled from left to 
right along a X-axis. Mouse 10 is in communication with 
computer 5 via wire 6, and thereby also communicates with 
display 2 (as used herein, "communicate” includes both 
direct communication with a device and indirect communi 
cation via intermediary devices and/or software). Mouse 10 
also receives power via cord 6. Alternatively, mouse 10 
could communicate by wireless connection and/or be battery 
powered. 
0020 FIG. 2 is an enlarged perspective view of scroll 
wheel assembly 20 enclosed by the dashed circle in FIG. 1, 
but separated from the housing and other components of 
mouse 10. The illustrated embodiment includes a main body 
26. An encoder shaft 28 is rotatably held by main body 26 
in hole 30. One end of encoder shaft 28 is in contact with a 
side portion of the scroll wheel 22. Attached to encoder shaft 
28 on the opposite side of main body 26 is encoder wheel32. 
When the scroll wheel 22 rotates with respect to main body 
26, friction between encoder shaft 28 and the side of scroll 
wheel 22 causes encoder shaft 28 to rotate. Encoder shaft 28 
thereby rotates encoder wheel 32, which lies between ele 
ments of encoder 34. As scroll wheel 22 rotates, the rota 
tional motion is thus sensed by encoder 34, and the image 1 
is scrolled in either a positive or a negative vertical direction 
that extends parallel to the Y-axis on display 2. As known in 
the art, encoder 34 can include a light source 36 and a light 
detector (shown as item 38 in FIG. 3). Blades on encoder 
wheel 32 periodically obstruct the light beam when encoder 
wheel 32 rotates. The light detector senses these obstructions 
and is coupled to a controller (not shown) to generate and 
relay a signal to the host computer 5 to scroll the image up 
or down in the Y-direction. Further details of an exemplary 
encoding system are disclosed in U.S. Pat. No. 5,912,661. 
previously incorporated by reference. Although one encod 
ing system has been shown, any system capable of sensing 
and encoding rotation of Scroll wheel 22 may be used. 
0021 FIG. 3 is an exploded perspective view of the 
scroll wheel assembly 20 of FIG. 2. As shown in FIG. 3, 
main body 26 includes a generally cylindrical portion 40. 
Scroll wheel 22 fits over cylindrical portion 40 and rotates 
about portion 40, as shown by double-headed arrow T. 
Disposed within a hollow region of cylindrical portion 40 is 
switch 42. Switch 42, which may be of various types known 
in the art and available from multiple commercial sources in 
various configurations (including, for example, a 5-position 
switch, available from Panasonic Industrial Co. of Suwanee, 
Georgia, having part number EVZQ5A05K), allows distin 
guishable signals to be generated for movement of the 
switch in different directions, or from force exerted on the 
switch in different directions. For example, switch 42 may 
have multiple internal electrical contacts, such that move 
ment of the switch element 44 away from axis Z in different 
directions closes different contacts. Switch 42 may include 
potentiometers located at various positions; movement in 
different directions away from axis Z would cause changes 
in resistance in different circuits, allowing detection of 
degrees of movement in various directions. Switch 42 may 
be of a type that does not require any appreciable movement 
of a Switch element. For example, separate piezoelectric 
elements could be located at various positions around the 
central axis Z within Switch 42. Exerting force upon switch 
element 44 in a particular direction would exert pressure on 



US 2006/0192759 A1 

one or more corresponding piezoelectric components, and a 
signal generated that corresponds to the force in that direc 
tion. Other types of switches, or combinations of switches, 
could also be used. 

0022. In the example of FIGS. 1-7, mouse 10 could be 
configured such that tilting element 44 in the direction of 
arrow U (FIG. 3) could cause an image on display 2 to move 
(scroll) to the right along the X axis. If element 44 were 
instead tilted in the direction of arrow D, the image could 
instead scroll to the left along the X axis. Mouse 10 could 
be further configured so that tilting in the “F” or “B” 
directions scrolls an image up or down; this may occur at a 
different rate than a user might normally scroll by turning 
scroll wheel 22. Mouse 10 could even be configured so that 
tilting element 44 in the directions of arrows F or B 
duplicates the effect of tilting in the U or D directions (e.g., 
tilting in the “F” direction moves the image to the right and 
tilting in the “B” direction moves the image to the left, or 
Vice versa). In this manner, a computer input device having 
scroll wheel assembly 20 could accommodate different 
users, some of whom may find it easier to tilt button 24 from 
side to side instead of up and down. As yet another alter 
native, tilting in the “F” and “B” directions could be 
assigned other functions, such as panning; Zooming in or 
out; adjusting focus, brightness or other display character 
istics; adjusting Sound Volume; and numerous other func 
tions and commands. 

0023 Scroll wheel assembly 20 may also be part of an 
input device wherein the functions or commands corre 
sponding to button 24 and/or scroll wheel 22 are program 
mable by the user. The user would thus be able to assign any 
of numerous functions to button 24, or even assign different 
functions to rotation of wheel 22. Moreover, switch 42 need 
not be limited to a switch with only 4 conditions, or that only 
responds to tilting of element 44 away from axis Z. For 
example, pushing element 44 along axis Z could create (or 
allow creation) of a distinguishable signal. Switch 42 might 
also be of a type that, in addition to allowing distinct signals 
for movement (or force) in “B,”“F”“U” or “D' directions, 
allows for signals indicative of combinations of Such move 
ment or forces. In other words, and as one example, move 
ment of Switch element 44 in a diagonal direction between 
the “F” and “U” directions (or to approximately 9:00 if the 
face of button 24 in FIG. 3 were a clock), could scroll an 
image in a diagonal screen direction. Movement in other 
diagonal directions could scroll in other diagonal Screen 
directions. 

0024 FIG. 4 is a cross section of scroll wheel assembly 
20 showing arrangement of various components. Cylindrical 
portion 40 of main body 26 fits within the center 46 of scroll 
wheel 22. Although not shown, scroll wheel 22 can be 
rotatably attached to main body 26 by numerous mechanical 
arrangements known in the art. Such attachments include, 
but are not limited to, matching grooves and ribs (e.g., a 
groove formed in portion 40 and a rib formed in center 46, 
or vice versa). Switch 42 fits within cylindrical portion 40, 
and may rest against a shoulder 48 formed inside cylindrical 
portion 40. A suitable fastener 50 (e.g., a nut, a push-on 
fastener, a retainer ring, etc.) may hold Switch 42 in place 
against shoulder 48. Switch 42 could alternatively be glued 
in place; could be held in place by a tight or force fit; or 
attached in other known manners. Emanating from Switch 
42 are multiple conductors 52, which are electrically con 
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nected to the input device. Preferably, conductors 52 are 
connected to a controller (not shown) that interprets the 
output from Switch 42, converts it to a signal indicating the 
direction (and optionally, the magnitude) in which Switch 
element 44 was moved (or the location and/or magnitude of 
exerted force), and delivers the signal to the host computer 
5. Preferably, the same controller receives signals from 
encoder 36 and switch 42. The controller can be any known 
component or combination of components that can receive 
input from encoder 36 and/or switch 42, and provide appro 
priate output signals. In one embodiment, the controller 
includes a microprocessor. With regard to button 24, the 
controller could thus provide a signal that scrolls the image 
1 in a manner that is consistent with the direction (and 
magnitude, if desired) of the force applied to button 24. 

0025 Button 24 is attached to switch element 44 by force 
fit, by adhesive, or by other known manner of attachment. 
Button 24 rests within the center of Scroll wheel 22. FIG. 5 
illustrates actuation of one type of Switch 42. A user actuates 
Switch 42 by pressing upon button 24 as indicated by arrow 
P. Button 24 thereby tilts element 44 from its neutral (i.e., 
unactuated) position (axis Z) to an actuated position (axis 
Z). Element 44, and thus button 24, are preferably biased in 
an “untilted’ position. Of course, the user could also press 
down upon another location on the surface of button 24 to 
tilt button 24 (and thus, element 44) in a different direction, 
and thereby generate a different signal. 

0026. Scroll wheel assembly 20 can be attached to mouse 
10 or other input device in any suitable manner. As shown 
in FIG. 6, for example, scroll wheel assembly 20 could be 
modular in design and mounted upon a circuit board 80. A 
small mounting bracket 89 or other appropriate fixture could 
be attached to, or formed as an integral part of main body 
26. Alternatively, scroll wheel assembly 20 could be 
mounted to the inside Surface of the device housing as 
shown in FIG. 7, via an attached or integral bracket 90. The 
scroll wheel 22 and button 24 can then be accessed through 
an opening in the housing 11 of mouse 10. Other mounting 
arrangements are within the scope of the invention, and 
readily apparent to persons skilled in the art once Such 
persons are provided with the disclosures herein. 

0027 FIGS. 1, 6 and 7 further illustrate an additional 
aspect of the invention. Specifically, the scroll wheel assem 
bly is located on a side of mouse 10 and in a position where 
scroll wheel 22 can easily be gripped by the thumb and index 
finger of a user when the palm of the users hand contacts the 
upper surface of the mouse 10. Although only intended as 
one example, the irregularly shaped dashed area 9 in FIG. 
1 represents a typical area where a user's palm might contact 
the mouse 10 when holding the mouse for movement across 
a work Surface. Actual placement might vary by user. As is 
apparent, however, this placement allows a user to conve 
niently scroll a display in multiple directions when the user 
is simultaneously holding the mouse 10 in a manner to move 
the mouse across a work surface. As seen in FIG. 6, scroll 
wheel assembly 20 may also be positioned in a transition 
area lying between a generally steep-sloped side region 95 
and a generally shallow-sloped top region 97. In this man 
ner, more surface area is exposed along the upper portion 27 
of the circumference of scroll wheel 22 than is exposed 
along the lower portion 29 of the circumference of scroll 
wheel 22. This positioning accommodates the greater range 
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of motion or dexterity that a user might have in an index 
finger (contacting upper portion 27) than in a thumb (con 
tacting lower portion 29). 

0028 Numerous other modifications to scroll wheel 
assembly 20 are also possible, and within the scope of the 
invention. For example, instead of friction between encoder 
shaft 28 and scroll wheel 22, gear teeth could be formed on 
encoder shaft 28 and around a peripheral portion of scroll 
wheel 22. As another example, scroll wheel 22 and encoder 
wheel 28 could be arranged so as to rotate coaxially. Detents 
could also be incorporated into the scroll wheel assembly 20 
such that rotation of scroll wheel 22 provides a user with an 
indexed tactile sensation as the scroll wheel 22 is rotated. 
Other types of Switches could also be used. For example, 
instead of a single, centrally-located Switch, several indi 
vidual switches could be located in various sectors of button 
24. Moreover, instead of the switch (or switches) being 
normally open and then closed by pressure on button 24, a 
switch (or switches) could be normally closed and then 
opened by pressure upon button 24. Additionally, other 
well-known pressure and movement sensors such as optical 
sensors and mercury Switches could be used. 

0029. As with the type of switch(es) used, the invention 
is not limited by materials from which the scroll wheel 
assembly 20 can be composed. However, exemplary mate 
rials for main body 26, button 24, scroll wheel 22, encoder 
wheel 32 and encoder shaft 28 include any suitable plastic 
or non-plastic material. The invention is similarly not lim 
ited by the precise dimensions of the various components. 
However, when incorporated into a computer mouse, Scroll 
wheel 22 preferably has an outer diameter in the range of 
about 15 millimeters (mm) to about 35 mm, and more 
preferably has an outer diameter in the range of about 25 mm 
to about 30 mm. In a preferred embodiment, the diameter of 
the scroll wheel 22 is about 28 mm. Similarly, when used in 
a computer mouse, button 24 preferably has an outer diam 
eter in the range of about 10 mm to about 25 mm, and more 
preferably has an outer diameter in the range of about 15 mm 
to about 20 mm, and even more preferably of about 17 mm. 
0030 Scroll wheel assembly 20 can also be incorporated 
into other input devices. For example, scroll wheel assembly 
20 could be located on a keyboard (FIG. 8). Alternatively, 
the scroll wheel assembly 20 could be located on a trackball 
device or a similar input device. Scroll wheel assembly 20 
could be located in the bezel of a hand-held computer; in a 
larger portable computing device; in a web pad; in an 
internet appliance; or on a laptop computer. The Scroll wheel 
assembly 20 could alternatively be located in a computer 
monitor, or as part of a computer kiosk. 

0031. As suggested above, the scroll wheel assembly of 
the present invention could be configured or configurable to 
move an image along a Y axis when scroll wheel 22 is 
rotated, and along an X axis when button 24 is pressed. Of 
course, these functions could be reversed (i.e., Scroll on the 
X axis for wheel rotation and on the Y axis for button 
actuation). However, the orientation of the Scrolling axes 
corresponding to scroll wheel 22 and button 24 is not limited 
to conventional X and Y axes. For example, rotation of scroll 
wheel 22 could scroll an image along some other axis that 
is rotated any arbitrary angle with respect to a conventional 
X (or Y) axis. Similarly, pressing button 24 could scroll an 
image along any arbitrarily chosen axis. The axes corre 
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sponding to scroll wheel 22 and button 24 need not be 
perpendicular to one another. Alternative modes of multidi 
rectional movement are also within the scope of the inven 
tion. As but one example, scroll wheel assembly 20 could 
scroll in a polar coordinate scheme, with rotation of Scroll 
wheel 22 rotating a screen image about some axis, and 
pressing of button 24 moving the image radially. An input 
device could be configured such that either the button 24 or 
scroll wheel 22 moves a displayed image along a 'Z' axis 
on the display, i.e., enlarges or reduces the image size. 
0032 Horizontal (or other directional) scrolling could 
occur in a various ways in response to pressure upon button 
24. In one embodiment, the image 1 will scroll across the 
display 2 at a constant, predetermined speed (i.e., panning) 
as long as the button 24 is pressed. The scrolling speed may 
be programmed, set, or changed by a user via numerous 
known techniques. Alternatively, the scrolling could be time 
sensitive. For example, the Scrolling may be at a first speed 
when the button 24 is pressed for a first period of time. If 
button 24 remains pressed longer than that first period of 
time, the Scrolling speed may be increased. Switch 42 could 
sense degrees of actuation force or distance (e.g., how hard 
the user is pushing the activation element in a certain 
direction, or how far off the Z axis the element has moved), 
and the scroll speed increased for increased actuation force 
(or distance). A user input device incorporating scroll wheel 
assembly 20 might also be configured to avoid inadvertent 
movement of Screen images because of accidental bumping 
or other unintentional movement of button 24. For example, 
before a screen image would be scrolled or otherwise 
affected, a user may be required to press button 24 with force 
above a certain threshold and/or for an amount of time above 
a particular threshold. 
0033. The scroll wheel assembly 20 could also be used to 
execute commands other than “scroll right' and "scroll left 
(or "scroll up' and "scroll down”). For example, and similar 
to keys on mice and keyboards, various positions of button 
24 could programmable. Pressing button 24 in one direction 
could activate a pre-programmed command Such as 
“BACK', and pressing button 24 in another direction could 
activate a pre-programmed command Such as “FOR 
WARD. Other positions of button 24 could similarly be 
programmable. Indeed, scroll wheel 22 could also be pro 
grammable to perform functions in addition to Scrolling; 
these could include functions affecting a visual display, as 
well as functions not affecting a visual display (e.g., adjust 
ing sound volume). Further, with the use of modifier keys, 
it is possible to expand the number of available functions. 
For example, the combined actions of an “Alt keystroke 
and rotation of Scroll wheel 22 could control Zooming in and 
out; the combination of a modifier key and pressing button 
24 could angularly rotate an image on the display, Such as a 
drawing object. Pressing the “Alt' and “F” keys could 
increase the rate at which an image is scrolled (or otherwise 
moved on the display) when button 24 is pressed (or when 
scroll wheel 22 is rotated). Numerous other alternatives are 
possible and readily apparent to persons skilled in the art in 
light of the disclosures herein. Programming of these addi 
tional functions (as well as of other functions described 
herein) could be achieved with software incorporated into 
firmware within the user input device; as part of hardware 
driver Software operating on a computer (or other device) in 
communication with the input device; or in other manners 
known in the art. 
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0034 FIG. 9A shows an exploded view of another 
embodiment of a scroll wheel assembly according to the 
present invention. As shown in FIG. 9A, rotatable member 
122 could be part of a commercially-available rotary 
encoder 171 (such as might be used in, e.g., an automotive 
Stereo) having a Sufficiently large open space in the center. 
Rotary encoder 171 may have leads 173 that connect to a 
printed circuit board 175. Switch 142 is similar to switch 42 
described above, and fits within the open space in the center 
of rotary encoder 171. Button 124 attaches to switch 142. 
FIGS. 9B, 9C and 9d are, respectively, side, top and cross 
section views of the embodiment shown in FIG. 9A. 

0035 Although several examples of carrying out the 
invention have been described, those skilled in the art will 
appreciate that there are numerous variations and permuta 
tions of the above described examples that fall within the 
spirit and scope of the invention as set forth in the appended 
claims. In addition to the alternatives and variations already 
discussed, further variations are possible and within the 
scope of the invention. For example, the illustrated locations 
of scroll wheel assembly 20 on a mouse or keyboard are 
examples only. Scroll wheel assembly 20 could be posi 
tioned in a different place on an input device (such as for 
accommodation of left-handed users). Various functions 
described for button and wheel movements can be rear 
ranged or otherwise altered in manners in addition to those 
already suggested. Additional buttons could be located just 
outside the perimeter of, or otherwise in close proximity to, 
the scroll wheel. These and other modifications are within 
the scope of the invention, which is only limited by the 
attached claims. 

1. A device for manipulating an image on a display device 
Screen, comprising: 

an input device in communication with the display device 
Screen, the input device including a housing having an 
opening defined therein; 

an actuator positioned within the input device and at least 
partially protruding through the opening, the actuator 
having at least two actuated conditions in which dis 
tinguishable signals are generated; and 

a rotational member Surrounding the actuator and at least 
partially protruding through the opening, the rotational 
member being rotatable with respect to the housing and 
continuously rotatable through multiple complete revo 
lutions, wherein the input device is configured Such 
that: 

placement of the actuator in a first actuated condition 
moves the image to the left, 

placement of the actuator in a second actuated condition 
moves the image to the right, 

rotation of the rotational member in a first direction 
moves the image up, and 

rotation of the rotational member in a second direction 
moves the image down. 

2. The device of claim 1, wherein the actuator has at least 
four actuated conditions in which distinguishable signals are 
generated, and wherein the input device is configured Such 
that: 
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placement of the actuator in a third actuated condition 
enlarges the image, and 

placement of the actuator in a fourth actuated condition 
reduces the image. 

3. The device of claim 1, wherein: 

placement of the actuator in the first actuated condition 
scrolls the image to the left at a first rate for an initial 
period of time, and Scrolls the image to the left at a 
second rate for a Succeeding period of time, and 

placement of the actuator in the second actuated condition 
Scrolls the image to the right at a first rate for an initial 
period of time, and scrolls the image to the right at a 
second rate for a Succeeding period of time. 

4. The device of claim 1, wherein the input device is 
configurable to transmit a signal corresponding to a first 
user-definable display function upon placement of the actua 
tor in the first actuated condition. 

5. The device of claim 1, wherein simultaneous actuation 
of a modifier key on a keyboard changes the screen effect 
caused by at least one of placement of the actuator in the first 
actuated condition, placement of the actuator in the second 
actuated condition, rotation of the rotational member in the 
first direction and rotation of the rotational member in the 
second direction. 

6. The device of claim 1, wherein the input device is a 
computer mouse. 

7. The device of claim 1, wherein the input device is a 
keyboard. 

8. The device of claim 1, wherein: 

the actuator is placed in the first actuated condition by 
imposition of a first force in a first direction, 

the actuator is placed in the second actuated condition by 
imposition of a second force in a second direction, 

the actuator is placed in a modified first actuated condition 
by imposition of a third force in the first direction, 

the actuator is placed in a modified second actuated 
condition by imposition of a fourth force in the second 
direction, 

distinguishable signals are generated when the first force 
is imposed on the actuator in the first direction and 
when the third force is imposed on the actuator in the 
first direction, 

distinguishable signals are generated when the second 
force is imposed on the actuator in the second direction 
and when the fourth force is imposed on the actuator in 
the second direction, 

placement of the actuator in the first actuated condition 
Scrolls the image to the left at a first rate, and placement 
of the actuator in the modified first actuated condition 
Scrolls the image to the left at a second rate, and 

placement of the actuator in the second actuated condition 
Scrolls the image to the right at a third rate, and 
placement of the actuator in the modified second actu 
ated condition scrolls the image to the right at a fourth 
rate. 
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9. A computer mouse, comprising: 
a housing sized and configured for manual movement by 

a user across a work Surface so as to permit a corre 
sponding movement of a cursor on a computer display, 
the housing having: 
an upper Surface for contact with a hand of a user and 

a lower surface for contact with the work surface, 
and 

an opening defined therein; 
a scroll wheel having a circumference, the scroll wheel: 

protruding through the opening in the housing and 
exposing the entire circumference, and 

being continuously rotatable, with respect to the hous 
ing, through multiple complete revolutions. 

10. The computer mouse of claim 9, wherein the scroll 
wheel protrudes through the opening in the housing at a 
transition between a steep curve on a side Surface of the 
housing and a shallow curve on the upper Surface of the 
housing. 

11. The computer mouse of claim 10, wherein less surface 
area of the scroll wheel is exposed on the portions of the 
scroll wheel nearer the lower surface than is exposed on the 
portions of the scroll wheel nearer the upper surface. 

12. The computer mouse of claim 9, further comprising a 
switch located within the scroll wheel, wherein 

the opening is defined in the housing so as to be located 
between the thumb and index finger of a user hand 
positioned on the upper Surface, 

force exerted upon a first location on the Switch generates 
a first Switch signal, 

force exerted upon a second location on the Switch 
generates a second Switch signal, 

rotation of the scroll wheel in a first direction generates a 
first rotational signal, 

rotation of the Scroll wheel in a second direction generates 
a second rotational signal, 

the first Switch signal Scrolls an image on a display device 
Screen in a first direction along a first axis when the 
computer mouse is in communication with the display 
device, 

the second Switch signal Scrolls an image in a second 
direction along the first axis when the computer mouse 
is in communication with the display device, 

the first rotational signal scrolls an image in a first 
direction along a second axis when the computer mouse 
is in communication with the display device, and 

the second rotational signal scrolls an image in a second 
direction along the second axis when the computer 
mouse is in communication with the display device. 

13. The computer mouse of claim 12, wherein 
force exerted upon a third location on the Switch generates 

a third Switch signal that scrolls an image in the first 
direction along the second axis when the computer 
mouse is in communication with the display device, 

Aug. 31, 2006 

force exerted upon a fourth location on the Switch gen 
erates a fourth Switch signal that Scrolls an image in the 
second direction along the second axis when the com 
puter mouse is in communication with the display 
device, 

force exerted upon a location on the switch between the 
first and third locations generates a signal that, when 
the computer mouse is in communication with the 
display device, Scrolls an image on the display device 
in a direction having components in the first direction 
on the first axis and in the first direction on the second 
axis, and 

force exerted upon a location on the switch between the 
second and fourth locations generates a signal that, 
when the computer mouse is in communication with 
the display device, Scrolls an image on the display 
device in a direction having components in the second 
direction on the first axis and in the second direction on 
the second axis. 

14. A computer mouse, comprising: 

a housing sized and configured for manual movement by 
a user across a work Surface So as to permit a corre 
sponding movement of a cursor on a computer display, 
the housing having 

an upper Surface for contact with a hand of a user and 
a lower surface for contact with the work surface, 
and 

an opening defined therein; 
a scroll wheel protruding through the opening in the 

housing and being continuously rotatable, with respect 
to the housing, through multiple complete revolutions; 
and 

a switch located within the scroll wheel, wherein 
the Switch is exposed for engagement independent of 

the scroll wheel, 

the opening is defined in the housing so as to be located 
between the thumb and index finger of a user hand 
positioned on the upper Surface, 

force exerted upon a first location on the Switch gen 
erates a first Switch signal, 

force exerted upon a second location on the Switch 
generates a second Switch signal, 

rotation of the scroll wheel in a first direction generates 
a first rotational signal, and 

rotation of the scroll wheel in a second direction 
generates a second rotational signal. 

15. The computer mouse of claim 14, further comprising 
first and second buttons located at a forward portion of the 
mouse and wherein, when the palm of a right hand of a 
human user is in contact with the housing upper Surface, the 
first and second buttons are engageable by the right index 
finger of the user. 


