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RADIAL MENU SELECTION

FIELD OF THE INVENTION

[0001] The invention is directed toward providing radial menus in computer applications.
Specifically, this invention is directed toward providing menus and submenus at optimal
locations relative to a cursor.

BACKGROUND OF THE INVENTION
[0002] User interfaces of computing devices often provide multiple options for actions
under any given set of circumstances. For example, a user interface might provide options to
change the font of selected text, change paragraph spacing of a document, load, print, or save a
file, etc.
[0003] The most common method of presenting such options in a graphical user interface
is to provide a linear pull-down menu. That is, a menu including a row of menu items that give
access to columns of submenus. In a linear pull-down menu a user selects a general category
from a provided list of menu items, such as File, Edit, View, Window, Help, etc. These broad
categories are sometimes called “top level menu items” because in a hierarchal tree of menus,
they would be the items at top of the tree. Some top level menu items allow access to submenus
related to the selected item. For example, selecting a top level menu item “File” can activate the
item, causing a submenu to appear with selectable commands relating to files. The submenu
would appear as a column of the options, leading down from the “File” menu item. A submenu
for “File” might include “Save”, “Load”, or “Print” commands. Some items on submenus might
have submenus of their own, and so on for any number of levels of submenus.
[0004] Linear pull-down menus are often located at or near the top of a screen or window

in which an application is running. Accessing such a linear pull-down menu via a cursor control
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device involves moving a cursor to the top of the window with the cursor control device, then
moving along to the appropriate top level menu item, activating a submenu (if necessary), etc.
Using a cursor to select items on a linear pull-down menu requires a user to move the cursor by a
particular distance down the menu to reach the desired menu item. This can require moving a
cursor through a considerable distance and with considerable precision required to reach the
desired menu item without going past it.

[0005] An alternate method of presenting a menu of options uses a radial menu. A radial
menu can appear as a set of wedges, each wedge representing a menu item, around the location
of a cursor on the display. Submenus of some radial menus are activated by moving a cursor to
the wedge representing that submenu and clicking on that wedge. Such a method is sometimes
called “hunt and click”. The hunt and click method provided a fully functional menu, and there
was no obvious reason to modify it. However, useful and non-obvious changes to the methods of
providing radial menus were possible, such as using other processes for selecting menus, or
providing a user with options for more than one method. Accordingly, the present invention

provides such useful, non-obvious changes.
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SUMMARY OF THE INVENTION

[06006] Some embodiments provide a graphical user interface (GUI) that displays GUI
objects (e.g., display areas) with numerous novel features. The GUI objects include multiple
selectable items in some embodiments. In some embodiments, the GUI objects (e.g., menus) are
radial GUI objects that have the multiple selectable items arranged around an internal location of
the radial GUI object (e.g. a geometric center of the GUI object or an off-center point such as a
focus of an elliptical GUI object).

[0007] Some embodiments display additional GUI objects in response to the selection of
particular selectable items in a first GUI object. In some embodiments, the selectable items can
be selected with various cursor operations, including sweep gestures, spring-loading, and other
operations. A sweep gesture in some embodiments is an outward movement of the cursor
towards a selectable item. When a selectable item of a first GUI object is selected with a cursor
operation, some embodiments display a corresponding second GUI object at a location
determined by the characteristics of the cursor operation. For example, when the cursor
operation is a sweep gesture, some embodiments display the second GUI object at a location
where the cursor is predicted to stop.

[0008] As mentioned above, various embodiments provide a radial GUI object with
multiple selectable items. Different embodiments provide different techniques for selecting and
activating the selectable items. For instance, in some embodiments, a user selection of one of the
selectable items of the radial GUI objects causes an automatic activation of the item (e.g., a
sweeping gesture towards an item causes a selection and activation of the item in some
embodiments. In some embodiments, a user selects an item through a first user input operation

and then activates the item through a second user input operation. Some such embodiments
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select successive items in response to the rotation of a scrollwheel and activate a selected item in
response to a signal (e.g., a cursor control signal or a keyboard signal). Some embodiments allow
a user to perform similar selection operations by making gestures on a trackpad or other touch
sengsitive cursor control device (e.g., placing two fingers on the device and rotating the fingers).
[0009] The GUI objects of some embodiments are menus with selectable menu items.
The menu items correspond to menu commands. In some embodiments, a menu 1s a structural
hierarchy of commands grouped by category. The hierarchical menu structure of some
embodiments includes multiple levels of submenus accessible by sequential activations of menu
commands to open successive submenus. Each submenu is a menu that is accessible by
activating a menu command at a higher level of the hierarchy. Some embodiments activate
menu items based on the sweep gestures described in section II. In addition, some embodiments
activate menu items in response to other operations. For example, some embodiments activate a
menu item when a cursor is placed over the menu item and remains over that menu item for a
predetermined duration. Some embodiments accept selections of menu items through multiple
different operations.

[0010] When a menu (or submenu) of some embodiments is accessed, the menu is
displayed at an initial location determined by characteristics of an activation operation that
opened that menu (e.g., the characteristics of a sweep operation). In some cases, the initial
location is near the edge of the screen or a particular window such that the menu cannot be fully
displayed. When the initial location does not allow the menu to fully display, some embodiments
display the menu at a second location such that the entire menu is fully displayed within the
particular window or on the screen. Different embodiments use different processes to determine

the second location and how the menu reaches the second location (e.g., initially displaying the
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menu at the second location or initially displaying the menu at the initial location and sliding the
menu to the second location). In some embodiments, when a menu (or submenu) is displayed,
whether at the initial location or after being moved to a second location, the cursor is

automatically moved to a point within the menu (e.g., the center of the menu).
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The novel features of the invention are set forth in the appended claims. However,

for purpose of explanation, several embodiments of the invention are set forth in the following

figures.
[0012] Figures la-1c illustrate radial menus and submenus activated by sweeps.
[0013] Figure 2 illustrates the process of some embodiments of using cursor commands

to activate menu items.

[0014] Figure 3 illustrates a radial menu with unequal sized menu items.

[0015] Figure 4 illustrates an example of the motion of a cursor through a wedge of a
radial menu during a sweep command.

[0016] Figure 5 illustrates a process for activating a menu item using a graphics tablet
and stylus to perform a sweep command.

[0017] Figure 6 illustrates a process for activating a menu item using a mouse controller
to perform a sweep command.

[0018] Figure 7 illustrates a timing diagram for a sweep command.

[0019] Figure 8 illustrates a process for predicting where a submenu will be displayed
after a sweep.

[0020] Figure 9 illustrates where a submenu will be displayed in some embodiments.
[0021] Figures 10a-10b illustrate two different paths that would both activate the same

series of submenus.

[0022] Figure 11 illustrates moving a cursor far enough in from an edge to display a
submenu.
[0023] Figure 12 illustrates a process for automatically moving a cursor in from an edge.
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[0024] Figure 13 illustrates a process for automatically moving a menu in from an edge.
[0025] Figure 14 illustrates the motion of a submenu onto a screen.
[0026] Figures 15a-15f illustrate a submenu starting off small and expanding against

first one, then two edges.

[0027] Figure 16 illustrates a spring-loaded control of some embodiments.

[0028] Figure 17 illustrates a timing diagram for a spring-load command.

[0029] Figure 18 illustrates a timing diagram for an alternate spring-load command.
[0030] Figure 19 illustrates a process for activating a menu item using a graphics tablet

and a stylus to perform a spring-load command.

[0031] Figure 20 illustrates timing diagrams for hunt and click commands.

[0032] Figure 21 illustrates a radial menu with an item selected via keyboard.

[0033] Figure 22 illustrates a process for using a scrollwheel to select menu items.
[0034] Figure 23 illustrates a mouse, computer, and a display screen with the graphical

user interface of some embodiments.

[0035] Figure 24 illustrates a one-to-one correspondence between a graphics tablet and a
display screen.
[0036] Figure 25 presents one embodiment of a touch-sensitive input device that may be

utilized to implement the present invention.

[0037] Figure 26 conceptually illustrates the software architecture of an application that
uses radial menus of some embodiments.

[0038] Figure 27 illustrates a computer system with which some embodiments of the

invention are implemented.
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DETAILED DESCRIPTION OF THE INVENTION
[0039] In the following description, numerous details are set forth for purpose of
explanation. However, one of ordinary skill in the art will realize that the invention may be
practiced without the use of these specific details. For instance, the techniques described below
are described with relation to certain cursor control devices, but other embodiments may use
other cursor control devices while still embodying the current invention.
[0040] L OVERVIEW
[0041] Some embodiments provide a graphical user interface (GUI) that displays GUI
objects (e.g., display areas) with numerous novel features. The GUI objects include multiple
selectable items in some embodiments. In some embodiments, the GUI objects (e.g., menus) are
radial GUI objects that have the multiple selectable items arranged around an internal location of
the radial GUI object (e.g. a geometric center of the GUI object or an off-center point such as a
focus of an elliptical GUI object).
[0042] Some embodiments display additional GUI objects in response to the selection of
particular selectable iteﬁls in a first GUI object. In some embodiments, the selectable items can
be selected with various cursor operations, including sweep gestures, spring-loading, and other
operations. A sweep gesture in some embodiments is an outward movement of the cursor
towards a selectable item. When a selectable item of a first GUI object is selected with a cursor
operation, some embodiments display a corresponding second GUI object at a location
determined by the characteristics of the cursor operation. For example, when the cursor
operation is a sweep gesture, some embodiments display the second GUI object at a location
where the cursor is predicted to stop.

[0043] As mentioned above, various embodiments provide a radial GUI object with
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multiple selectable items. Different embodiments provide different techniques for selecting and
activating the selectable items. For instance, in some embodiments, a user selection of one of the
selectable items of the radial GUI objects causes an automatic activation of the item (e.g., a
sweeping gesture towards an item causes a selection and activation of the item in some
embodiments. In some embodiments, a user selects an item through a first user input operation
and then activates the item through a second user input operation. Some such embodiments
select successive items in response to the rotation of a scrollwheel and activate a selected item in
response to a signal (e.g., a cursor control signal or a keyboard signal). Some embodiments allow
a user to perform similar selection operations by making gestures on a trackpad or other touch
sensitive cursor control device (e.g., placing two fingers on the device and rotating the fingers).
[0044] The GUI objects of some embodiments are menus with selectable menu items.
The menu items correspond to menu commands. In some embodiments, a menu is a structural
hierarchy of commands grouped by category. The hierarchical menu structure of some
embodiments includes multiple levels of submenus accessible by sequential activations of menu
commands to open successive submenus. Each submenu is a menu that is accessible by
activating a menu command at a higher level of the hierarchy. Some embodiments activate
menu items based on the sweep gestures described in section II. In addition, some embodiments
activate menu items in response to other operations. For example, some embodiments activate a
menu item when a cursor is placed over the menu item and remains over that menu item for a
predetermined duration. Some embodiments accept selections of menu items through multiple
different operations.

[0045] When a menu (or submenu) of some embodiments is accessed, the menu is

displayed at an initial location determined by characteristics of an activation operation that
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opened that menu (e.g., the characteristics of a sweep operation). In some cases, the initial
location is near the edge of the screen or a particular window such that the menu cannot be fully
displayed. When the initial location does not allow the menu to fully display, some embodiments
display the menu at a second location such that the entire menu is fully displayed within the
particular window or on the screen. Different embodiments use different processes to determine
the second location and how the menu reaches the second location (e.g., initially displaying the
menu at the second location or initially displaying the menu at the initial location and sliding the
menu to the second location). In some embodiments, when a menu (or submenu) is displayed,
whether at the initial location or after being moved to a second location, the cursor is
automatically moved to a point within the menu (e.g., the center of the menu).

[0046] In this specification, a variety of embodiments are illustrated and described in
relation to circular radial menus (or submenus). However, other embodiments provide other GUI
objects (e.g., file folder selection objects) with features described herein. Furthermore, radial
GUI objects need not be circular. The radial GUI objects of some embodiments can be any GUI
objects that include multiple selectable items arranged about an internal location.

[0047] Figure 1a illustrates an example of a graphical user interface (“GUT”) 100 that
provides radial menus. This figure illustrates the GUI 100 of an operating system that is being
displayed on a display 105. As further shown in this figure, the GUI is displaying a radial menu
110. This radial menu 110 appears in the GUI around a cursor 115. The radial menu 110 might
have been opened at that location by any number of GUI operations. In some embodiments, the
GUI will display a menu around a cursor when a user activates a cursor control device (e.g., by

pressing, or pressing and releasing, a button on a mouse, tapping a finger on a touchpad, etc.).
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[0048] As also shown in Figure la, the menu contains a number of selectable menu
items 120a-120e. Some embodiments allow the selection of menu items 120a-120e based on
simple cursor movements (e.g., gestures). One example of this is illustrated in Figures 1b and
1c. Figure 1b shows that cursor 115 has swept through a submenu select item 142. As shown in
the figure, the sweep gesture has caused a selection of submenu select item 142, denoted here by
the inversion of the background and text colors of the submenu select item 142.

[0049] Figure 1c shows that, as a result of the sweep gesture across submenu select item
142 (as numbered in Figure 1b), the menu item 142 has been automatically activated, causing
the submenu 150 to be displayed (being displayed is sometimes referred to as “popping up™)
surrounding the location of cursor 115 at the end of the sweep. The submenu of the illustrated
embodiment does not open up at the location of the beginning of the sweep (e.g., the location of
menu 110), denoted here by faded submenu 160.

[0050] In some embodiments, a single application provides options for a user to use
multiple ways to activate menu items of radial menus. For example, sweep, hunt and click, and
spring-load commands, further described below, can all be used by some embodiments. In fact,
in some embodiments, multiple processes may be used in one set of submenu selections, for
example, a sweep command could open a first submenu and then a gpring-load command could
open a submenu of the first submenu. Figure 2 illustrates the process 200 of some embodiments
for receiving commands to select a menu item or submenu item and displaying submenus. In
some embodiments, an application implementing the process 200 receives the commands from
the cursor control device.

[0051] The process 200 begins when it receives (at 210) a command to open a menu,

e.g., a click (or click and hold) command from a cursor controller. In response to the command,

11
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the process 200 displays (at 220) a radial menu. In some embodiments the radial menu appears
around the cursor. The process 200 keeps displaying the menu (at 220) until it receives a cursor
command to select a radial menu item by a click (at 230a), a sweep (at 230b), or a spring-load
selection (at 230c). If the command is a sweep command, then the process predicts (at 232) the
stopping point of the sweep and scts (at 234) the location for displaying a submenu. Some
embodiments allow a spring-load selection of an item to be made by keeping a cursor in one
place on the menu item until a preset time has passed and also allow a user to press a keyboard
key (e.g., a spacebar) to make the springboard selection before the preset time has passed.

[0052] Once a cursor command is sent by a user, the process 200 accepts the selection of
a menu item (at 240). If (at 250) the selected menu item is not a submenu, then the process
automatically activates the selected menu item and performs (at 255) the selected menu
command (e.g., print). If the selected menu item does represent a submenu, then the application
opens (at 260) the submenu. If the command that selected the submenu is a sweep command,
then the submenu will be opened at or near the location where the cursor stops moving. Various
embodiments use various methods to achieve this result, e.g., waiting until the cursor stops, or
predicting where the cursor will stop and displaying the submenu at the predicted location. Such
embodiments are further described in section II below. Other embodiments automatically move
the cursor to a location where the submenu is displayed, as further described in section III,
below.

[0053] Once a submenu is opened, the process 200 loops back (to 220) and displays the
menu until it receives further commands (at 230a-230c¢). As the figure shows, a user can use a
different type of command on the submenu than on the original menu (e.g., sweep the menu item

to open the submenu then click on a menu item of the submenu). Unless interrupted by a

12
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canceling command (e.g., the “ESC” key being pressed or the cursor being moved to the center
of a menu or submenu), the process 200 continues until a menu item that is not a submenu is
selected (at 240), at which point the command is performed.

[0054] The radial menus shown above (as well as many of the menus illustrated below)
are all circular radial menus with menu items of equal size that do not extend to the center of the
menu. However, many other types of radial menus are possible within the scope of the invention.
For instance, in some embodiments, sections or wedges of a radial menu extend to the center of
the menu. The menus of some embodiments have menu items that do not have identical angular
width. For example, a frequently used menu item could be made larger than an infrequently used
menu item. In some embodiments a user deliberately chooses to change the size of the menu
items, while in some embodiments, a programmer sets the sizes in anticipation of which options
will be most frequently used. In other embodiments, the sizes of the menu items change
dynamically as the system learns which options the user favors. Figure 3 illustrates a menu 300
of some embodiments with unequally sized menu items.

[0055] In addition to radial menus, the features described herein can be applied to other
GUI objects having other shapes. For example, in some embodiments, the selectable items of a
radial GUI object can be arbitrarily shaped and arbitrarily arranged around an internal location
that is within the radial GUI object. The internal location is the geometric center of the selectable
items in some embodiments or is a focal point of the selectable items in other embodiments. In
some embodiments, the internal location is simply a location with at least one selectable item on
either side of the location. The internal location could be far from the geometric center in some
embodiments. For example, the internal location could be at one focus of a long elliptical GUI

object.

13
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[0056] Some embodiments have radial menus with menu items that overlap and/or
menus in which two menu items can be intersected by a single ray from the internal location
about which the objects are arranged. However, in some embodiments, radial menus (or other
radial GUI objects with selectable items) have no possible ray from the internal location that
could intersect more than one selectable item of the GUI object. In other words, every selectable
item 18 in a different direction relative to the internal location.

[0057] In some embodiments, such as the embodiments illustrated in Figures la-lc
(described above), the selectable items of the GUI object are contiguous (each menu item of the
illustrated menu touches the menu item next to it). In some other embodiments, some or all of
the selectable items (e.g., menu items) are not contiguous (e.g., there are small gaps between the
selectable items of some embodiments). The radial GUI objects of some embodiments are
divided into a number of selectable items with geometric shapes. In some embodiments, the
geometrically shaped selectable items are the only selectable items in the GUI object. In some
embodiments, the selectable items are arranged next to each other to produce the overall shape of
the GUI object. While some of the embodiments illustrated above and below show GUI objects
as part of an operating system, in some embodiments, the GUI objects are part of computer
applications (e.g., computer programs such as video compositing software).Radial GUI objects
are used as file folder structures or other GUI objects with selectable items in some
embodiments. In some such embodiments, features described herein as applying to menus are
applied to file folder structures. For example, some embodiments provide a radial file folder
structure that has folders and files as selectable items in the same way that some embodiments
have menus and submenus as selectable items. In some such embodiments, an initial radial file

folder structure displays individual drives of a computer system.

14
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[0058] When a drive is selected from such an initial radial file folder structurc of some
embodiments, the folders and files of the root directory of that drive are displayed (e.g., as
another radial GUI object). Likewise, when a folder of the root directory is sclected, the contents
of that folder are displayed (e.g., as yet another radial GUI object). Some embodiments group
folders and files when a selected folder has more files and/or subfolders than a radial GUI object
can display clearly. That is, these embodiments subdivide the groups into separate selectable
objects, and selecting one of the objects brings up further subdivisions if the number of files
and/or subfolders is still too great. In some such embodiments, the contents of a folder are
broken down alphabetically. For example, if there are one hundred folders and/or files in a
directory, a GUI object could be displayed with six selectable items, each representing
approximately sixteen files and/or subfolders in that folder. In some embodiments, a folder with
a large number of subfolders and/or files is initially presented as a set of selectable items for files
and a second set of selectable items for subfolders. In some embodiments that use radial file
folder structures, the process of selecting subfolders continues until a file is selected.

[0059] II. SWEEP COMMANDS

[0060] In some embodiments, selectable items of a GUI object (e.g., menu items of a
radial menu) can be selected by an outward motion of a cursor from an interior location of the
radial menu. The outward motion of a cursor is sometimes called a sweep command. A sweep
command occurs in some embodiments when a cursor control is activated, the cursor is moved
while the control is still activated, and then the cursor control is deactivated (in some cases the
cursor continues to move after the control is deactivated). For example, a sweep command to
select a particular menu item could be performed by a user pressing and holding a mouse button,

moving the cursor, and then releasing the button after the cursor has moved in a particular
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direction, with the direction that the cursor moves determining what menu item will be selected.
[0061] In some embodiments, the distance that the cursor moves during the sweep does
not affect whether the sweep selects a menu item. In other embodiments, the sweep command
selects a menu item by passing through the outer edge of the wedge corresponding to the menu
item. Another way a sweep command could be performed is by a user touching a stylus to a
touchpad and moving the stylus along the touch pad (so as to move the cursor through a menu
item) before the stylus is lifted. In some embodiments, a sweep command is performed without
activating a cursor control for an extended period of time: for example, a user in some
embodiments could press and release a mouse button, then move the cursor through a menu item
to perform a sweep command.

[0062] A, Selecting and Activating Menu Items with Sweep Commands
[0063] Figure 4 illustrates an example of the motion of a cursor through a wedge of a
radial menu during a sweep operation of some embodiments. The figure illustrates radial menu
400 in display 405, faded cursor 410, line 415, menu item 420, faded cursor 430 and cursor 440.
In this figure (and others), faded cursors are used to indicate the positions of the cursor at
different times. That is, multiple cursors are shown, each with a different level of fading. The
most faded cursor represents the location of the cursor at the earliest time, the next most faded
represents the location of the cursor at the next earliest time, and so on.

[0064] In Figure 4, the menu 400 of an application is displayed at the lower left corner
of the display 405. The menu 400 surrounds a first (earliest) faded cursor 410 that represents the
position where a user clicked (e.g., pushed a mouse button) to cause the menu 400 to be
displayed. The cursor was then swept through a path represented by a line 415. One of ordinary

skill in the art will realize that the line 415 itself is not part of the GUI of some embodiments,
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and is used in the figure to help depict motion in a still image, though some embodiments may
implement such a line. The line 415 passes through the wedge corresponding to menu item 420,
indicating that the cursor passed through that wedge, activating the menu item 420.

[0065] A second (later) faded cursor 430 shows the position where the click is released
(e.g., a mouse button is released) after passing through wedge 420. The figure depicts an
operation in which the cursor is still moving when the button is released. As shown, the cursor
control device continues to command the cursor to move until it reaches a final location shown
by a third (last) cursor 440. If the selected menu item corresponds to a submenu, then the
corresponding submenu will be displayed. Where the submenu will be displayed depends on
which embodiment of the current invention is implemented in the application, as further
described in sections I1.B. and III, below.

[0066] Figure S illustrates the process 500 of some embodiments for activating a menu
item with a sweep command using a graphics tablet or touch screen. The process 500 waits (at
505) for a stylus to touch the surface of the tablet. Once the contact has been made, the process
500 displays a radial menu (at 510) around the cursor that appears at the location on the display
corresponding to the place where the stylus touched the tablet.

[0067] The process 500 receives (at 515) multiple signals from the tablet. These signals
include information identifying the location of the stylus at various times. The process 500
moves the cursor (at 520) to positions corresponding to the positions of the stylus.

[0068] Some embodiments have the range of angles corresponding to each wedge
preprogrammed into the application (or determines these angles in other ways, such as user
feedback), and determine a selected wedge based on the angle at which the tablet-controlled

cursor moves away from the center of the menu. As a stylus may not necessarily be moved in a
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straight line by a user, some embodiments determine the angle of movement based on the angle
of a line from the center of the menu to a point through which the cursor is moved. For example,
a menu might have four menu items, corresponding to angle ranges of 0-90°, 90-180°, 180-270°,
and 270-360°. The presently described embodiments can detect the stylus down at the center of
the menu, and can then determine the angle at which the stylus is moved (and thus the angle at
which the cursor moves). Once the angle of the cursor’s movement is known, the process (at
525) has all the necessary data to determine which menu wedge the stylus has selected. For
example, if the cursor moves at an 80° angle from the center, then the menu item corresponding
to the angle range of 0-90° is selected.

[0069] Other embodiments determine which menu wedge a user is selecting based on
where the cursor crosses an outer edge of a wedge. The wedge whose outer edge the cursor
passes through is deemed the selected wedge. The position of the outer edges of the menu
wedges of the radial menu, relative to the center of the menu, is preprogrammed into the
application of some embodiments and then can be dynamically determined once the position of
the center of the menu is identified. The position of the outer edges of the menu wedges relative
to the center of the menu can also be determined by factoring user preferences as to the size of
the menu. Accordingly, once the position of the center of the menu is known, the process (at
525) has all the necessary data to determine when a tablet controlled cursor crosses through an
outer edge of a wedge (e.g., when the cursor is just outside an edge very soon after being just
inside the edge).

[0070] In some embodiments, a wedge or section of a radial menu can be selected by
sweeping the cursor through the inner edge of the wedge. In other such embodiments, a wedge is

selected when the cursor is swept through both the inner and outer edges of the wedge. In some
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such embodiments, moving the cursor through the inner edge of one wedge and the outer edge of
another wedge aborts the menu item selection process.

[0071] The process 500 receives a stylus up signal (at 530) indicating that the stylus has
been removed from the surface of the tablet. One of ordinary skill in the art will realize that in
some embodiments the stylus up signal will come earlier or later in the process and that in some
embodiments, rather than a stylus up signal, the process 500 will determine that the stylus has
been removed from the surface of the tablet when it stops receiving a stylus down signal.

[0072] After the selected wedge has been determined, the process 500 automatically
activates the menu item corresponding to that wedge (at 535). One of ordinary skill in the art will
realize that in some embodiments, the menu item can be activated before the stylus up signal is
received.

[0073] Some embodiments use a process similar to the process shown in Figare 5 to
determine which menu item a user is selecting with a mouse instead of a graphics tablet or touch
screen. Figure 6 illustrates the process 600 of some embodiments for activating a menu item
using a sweep command of a mouse controller. The process 600 waits (at 605) to receive a click-
and-hold command from the mouse (e.g., the user has pressed a button on the mouse and is
holding that button down). Once such a click has been received, the process 600 displays a radial
menu (at 610) around the cursor.

[0074] The process 600 receives (at 615) signals from the mouse. In some embodiments,
these signals include information identifying the distance the mouse has moved along an x and a
y axis (of the mouse). In other embodiments, these signals include data that directly indicate the

direction and speed of the mouse.
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[0075] The process 600 calculates (at 620) the direction of the mouse movement from
these signals. Because the mouse might move in the wrong direction for a very small distance
(e.g., due to a slightly shaky hand) before making a larger movement in the direction the user
intends, some embodiments determine the average direction of the mouse’s movement during the
time it is over the menu, rather than the direction of the mouse’s movement at any given time.
Some embodiments employ a noise compensation function to filter out the effects of minor
movements.

[0076] The range of angles for each wedge of the radial menu is preprogrammed into the
application of some embodiments. Accordingly, once the angle of the mouse’s movement is
known, the process (at 625) has all the necessary data to determine which wedge is indicated by
the movement of the mouse (e.g., the wedge containing the angle at which the mouse is moving).
In other embodiments, the process calculates the direction by determining which wedge the
cursor i8 in when it passes through the outer edge of the menu. The process calculates which
wedge the cursor passes through by determining the position of the outer edge of each menu
wedge and then determining when the cursor passes through one of these positions.

[0077] The process 600 receives a button release signal (at 630). One of ordinary skill in
the art will realize that in some embodiments the button release signal will come earlier or later
in the process and that in some embodiments, rather than a button release signal, the process 600
will determine that the button has been released when it stops receiving a button hold signal.
[0078] After the button has been released and the selected wedge determined, the process
600 automatically activates the menu item corresponding to that wedge (at 635). One of ordinary
skill in the art will realize that in some embodiments, the menu item can be activated before the

button release signal is received.
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[0079] In some embodiments, a submenu will be displayed as soon as the cursor stops
moving, regardless of whether the button has been released. In other embodiments, a submenu
will not be displayed until after a button is released, even if the cursor stops moving before the
button is released.

[0080] Figure 7 illustrates a timing diagram 700 for selecting a radial menu item by a
sweep command. The timing diagram 700 includes button setting line 710 that identifies the
actions of a cursor control button (or equivalent control such as a stylus on a graphics tablet) and
cursor position line 720 that identifies the movement of the cursor commanded by the cursor
control device. Line 710 shows a press of the button to open a menu at time 712, after the button
is pressed it is held down. Line 720 shows that while the button is held down, the cursor
controller begins to command the cursor to sweep through a menu item, starting at time 722 and
ending at time 724. At time 726, the cursor passes through the outer edge of the menu 730. The
fact that the sweep can end outside of the menu contrasts with the click within the edges of a
menu used to select a menu item in a hunt and click command. At time 714, the cursor control
button is released. In some embodiments, if a submenu is selected by a sweep command, then the
submenu will be displayed at the time that the cursor control button is released, though not
necessarily at the location that the control button is released. At time 724, the cursor stops
moving and the sweep is complete.

[0081] Though the sweep in Figure 7 is shown as ending after the cursor button is
released, if a sweep that selects a submenu ends before the button is released (or a stylus is
lifted), then in some embodiments, the submenu will be displayed around the cursor once it
stops. In some embodiments, multiple sweeps can be performed to open multiple layers of

submenus before the cursor control button is released (or stylus is lifted). Such multiple sweeps
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could be characterized, in some embodiments, as press-drag-release. That is, pressing a button,
dragging the cursor in the direction of multiple menu items of multiple menus in sequence, and
releasing the button.

[0082] Figure 7 shows the position of the cursor relative to the center of the menu. The
position shown is relative to Item F, however, any menu item could be selected using a sweep in
a direction corresponding to that menu item. Different embodiments determine the direction of
the sweep command in various ways. For example, an embodiment using a mouse to control the
cursor could compare the distance that the mouse moved along an x-direction with the distance
that the mouse moves along a y-direction and use trigonometry (e.g., an arctangent function) to
determine the angle at which the mouse is moving. Once the application determines the angle
along which the mouse is moving and the range of angles that each of the wedges occupy, the
application can determine which wedge the user is selecting by determining which wedge
contains the angle at which the mouse is moving. In other embodiments, a driver, or computer
hardware determines the angle along which the mouse is moving and passes that determination
on to the application. Determinations of the angles for various cursor control devices are further
described in section VI.

[0083] In some embodiments, a user can return to a previous level of a menu hierarchy
by returning the cursor to the center of a menu (or submenu) after sweeping. For example, if a
user moves a mouse the wrong way during a sweep command, the user can use the mouse to
return the cursor to the center of the immediately preceding menu before releasing the button.
Similarly, in some embodiments, by clicking on the center of a submenu, or leaving the cursor
there without moving (a spring-load command, further described in section IV below) the user

can re-open the previous menu.
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[0084] B. Predicting Stopping Location of Sweep Commands

[0085] Some embodiments, after receiving a sweep command, determine where to
display a submenu opened by the sweep command. Some embodiments display the submenu at a
predicted stopping location of the cursor. Figure 8 illustrates a process 800 for predicting where
a cursor will stop after a sweep command. The process 800 receives (at 805) a sweep command
that selects a submenu. The process 800 receives (at 810) parameters of the cursor motion while
the cursor is still moving (while still performing the sweep command). Which parameters are
received depends on what type of cursor control device is used. For example, if a mouse is used,
the velocity (or a relative change in location at different times) is received. In contrast, if a
graphics tablet is used, the absolute locations of the stylus on the pad are received. In some
embodiments, the received parameters are used (at 815) to calculate other parameters. For
example, different velocities of the cursor at different times can be used to calculate the
acceleration of the cursor. Likewise, different locations of the cursor at different times can be
used to calculate the velocity of the cursor.

[0086] Once the parameters are received and calculated, the application uses (at 820) the
received and calculated parameters to predict the stopping location of the cursor. For example,
the expected stopping location of the cursor could be predicted using the location, speed,
acceleration, and/or jolt of the cursor when the cursor control device is deactivated (e.g., when a
mouse button is released). In some embodiments, the information could be used directly in
equations of motion (e.g., stopping distance equals one-half times speed squared divided by
acceleration). In some embodiments, the information could be used in an algorithm developed by
the programmers that doesn’t strictly apply the equations of motion. For example, an algorithm

derived from tests of stopping points in actual use of cursor control devices could be used.
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[0087] Some embodiments usc a learning algorithm to predict the stopping point of a
cursor based on the stopping points of cursors moved by the user or users of that application in
the past. For example, when a user is controlling the cursor with a mouse, the system can
determine where the cursor actually stops for multiple sweep commands under a given set of
parameters (e.g., position, velocity, etc). The system can then use that information to refine the
predictions of where the cursor will stop given similar parameters in the future. Similarly, some
tablets can determine where a stylus is when the stylus is near the surface of the tablet, even
when the stylus is not actually touching the surface. In such embodiments, the position of the
cursor continues to be directly controlled by the position of the stylus, even after the stylus is
lifted from the pad. Accordingly, the system can collect data about actual stopping locations of
the stylus under given sets of parameters (speed, acceleration, etc.) at the time that the stylus is
lifted from the pad. The data about past stopping locations can be used to predict where the
stylus will stop in the future, under various sets of parameters (speed, acceleration etc.).

[0088] If (at 825) the predicted or actual stopping location is far enough from the edge of
the screen for a submenu to be displayed, then the submenu will display (at 830) at that location.
If (at 825) the predicted or actual stopping location is too close to the edge of the screen for a
submenu to be fully displayed then the process 800 adjusts (at 835) the location of the cursor to
somewhere within the screen where the submenu has room to be displayed. Then (at 840), the
application will display the submenu at the adjusted location. Some embodiments provide a
combination of the prediction and actual stopping position, with the application initially
displaying the submenu at an initially predicted location and then moving it to the location where
the cursor actually stops. In some embodiments, the application may continuously update the

prediction and move the submenu to the newly predicted locations as the cursor comes to a stop.

24



WO 2009/158549 PCT/US2009/048732

Other embodiments monitor the speed and/or acceleration of the cursor and display the menu as
soon as the cursor speed drops below a low-speed threshold. In some such embodiments, the
low-speed threshold is combined with a timeout such that the low speed will trigger a menu
when some set amount of time has passed (either since the slow speed began or since the sweep
command began).

[0089] Figure 9 illustrates the location of a submenu in some embodiments. The figure
illustrates a menu 910, a wedge corresponding to submenu selecting menu item 920, a faded
submenu 930, a submenu 940 and the cursors previously described in reference to Figure 4. As
described in relation to Figure 4, the position of the cursor at various times is represented in
these figures by multiple cursors with the most faded cursors representing the earliest positions.
In the figure, menu 910 appears around the first faded cursor 410. The menu 910 includes menu
item 920, which corresponds to submenu A. That is, when menu item 920 is selected, the GUI
100 causes submenu A to be displayed. As in Figure 4 a second faded cursor 430 represents the
position of the cursor at the time the click was released.

[0090] Figure 9 also shows that the cursor continues to move after the click is released,
eventually stopping at the point shown by a third cursor 440. In some embodiments, the submenu
940 first appears when the cursor stops, and at the location where the cursor stops, rather than at
the location where the click was released (as denoted by faded submenu 930).

[0091] In some embodiments, submenu 940 is displayed before the cursor stops moving.
Instead, submenu 940 will be displayed while the cursor is still moving. In some such
embodiments, the submenu will be displayed at the location where the cursor is predicted to
stop. The prediction of where the cursor will stop can be determined by many different methods,

as described above. In some embodiments, the submenu initially appears at the location of faded
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submenu 930 but does not remain there. In such embodiments, the menu moves along with the
cursor until the cursor stops or disappears from the release location (around cursor 430) and
reappears at the stopping location (around cursor 440).

[0092] C. Serial Sweep Commands

[0093] In some embodiments, the length of the sweep movement does not affect what
submenu appears. In such embodiments, only the angles of the sweep movements affect what
submenus appear. Figure 10a illustrates two possible paths, path 1005 and path 1010, that a
cursor could be made to travel that would each activate the same series of submenus, despite the
different appearances of cach path from the other. Path 1010 and path 1005 each activate menus
1015a-1015¢ (i.e., an initial menu 1015a and submenus 1015b-1015¢). Each of the
corresponding angles 1020a-1020¢ determines which submenu of the preceding menu or
submenu will be displayed after the sweep using that angle.

[0094] The menus can be seen more clearly in Figure 10b, which illustrates a close up
view of menus 1015a-1015¢. Each of these menus (except submenu 1015¢) has a command
activated to open the next menu in the chain of menus shown in Figure 10a. The command
associated with submenu 1015¢ does not open a submenu, but instead causes a function
associated with the command to be performed. Accordingly, submenu 1015e is the last in the
chain of menus 1015a-1015e.

[0095] The lengths 1025a-1025¢ of the sweeps have no effect on what submenu will be
displayed next. Accordingly, because each angle 1020a-1020e of path 1005 is equal to the
corresponding angle in path 1010, the submenus that will be displayed are identical for each
path. Because the angles of the sweeps affect the menu selection but the length of the sweeps do

not, a user can more easily develop muscle memory for specific commands several submenus
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decp in the hicrarchy. In some embodiments, the user may not even need to actually be actively
looking at the menu on-screen to accomplish this - over time the user would build up a mental
model for the spatial placement of the items and the action would dip out of a conscious action
and into muscle memory.

[0096] Figure 10b also shows that menus and submenus of a given embodiment can
have different numbers of options. As the figure shows, menu 1015a has five menu items,
submenu 1015b has three menu items, submenu 1015¢ has two menu items, submenu 1015d has
four menu items and submenu 1015¢ has three menu items. As Figures 10a-10b illustrate, some
menus can be many levels deep. A series of sweeps that requires holding a click for multiple
sweeps may be uncomfortable. Accordingly, in some embodiments, a sweep command can be
performed by clicking, releasing the click, and then moving the cursor, rather than holding the
click while sweeping.

[0097] In some such embodiments, a button on a cursor control device is pressed and
released only once to activate menu 1015a and initiate the series of sweeps. Once the initial
menu 1015a appears, a first sweep that opens submenu 1015b (and all successive sweeps in the
series) can be performed with no pressing of the button on the cursor control device. In some
embodiments, other combinations of sweeps with a pressed button and sweeps with a released
button can be performed to access menu items. For example, sweeps with the button pressed
could be used to activate submenus 1015b-1015d and a sweep with the button released could be
used to activate submenu 1015¢ and to select a menu item of submenu 1015¢. Allowing a user to
select menu items without regard to whether a button is pressed through the series of sweeps
provides more flexibility to the user and prevents accidental releases of a cursor control device

button from disrupting a selection involving multiple sweeps.
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[0098] Some cmbodiments provide a GUI with radial menus in which a section of a
menu selected by a sweep gesture either moves with the cursor, or is used to represent the cursor
until the cursor (or wedge) stops, at which point, in some embodiments, it becomes (e.g., is
replaced by or morphs into) a submenu. Similarly, in some embodiments that use sweep
commands, during the sweep a submenu will be displayed under the cursor as it moves and
moved with the cursor until the cursor comes to rest. In other embodiments, a faded version of
the submenu will be displayed under the cursor as it moves and will become a non-faded version
when the cursor stops. Some embodiments, described below, move menus after a sweep or other
command to open a menu is completed.

[0099] 1. MOVING MENUS

[00100] Whether an application is designed to have a menu (or submenu) displayed at a
predicted location or at the actual stopping location of the cursor, the location for the menu (or
submenu) to be displayed might be so close to an edge of the screen (or window) that displaying
a menu around the cursor would cause the menu to extend past the edge of the screen. In order to
put the entire menu on the screen, different embodiments can employ one or more of several
different methods of automatically moving the cursor and/or the menu. In some embodiments,
before the menu is digplayed, the cursor is moved to a location with room for the menu to be
displayed around the cursor. In some embodiments, the menu will be displayed around the cursor
at the cursor’s initial location and then move onto the screen (in some of those embodiments, the
cursor moves with the menu). In some embodiments, the menu will be displayed in a location
where it fits on the screen and then the cursor moves to the center of the menu.

[00101] Figure 11 illustrates an example of moving a menu away from an edge. Figure

11 illustrates a menu 1110 surrounding the location of a first faded cursor 1120, a second faded
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cursor 1130, a faded submenu 1135, a third cursor 1140, and submenu 1145 surrounding the
third cursor 1140.

[00102] As the figure shows, if a submenu were displayed around location of the second
faded cursor 1130, a location denoted by faded submenu 1135, that submenu would extend past
the boundaries 1150 of the screen. Accordingly, the illustrated application has automatically
moved the submenu and cursor to the location of third cursor 1140. As the location of the third
cursor shows, in some embodiments, the relocated submenu will be displayed along the line of
the sweep 1142. The new location is far enough within the boundaries 1150 of the screen that
submenu 1145 can appear around the relocated third cursor 1140 without extending past the
boundaries 1150 of the screen. Some embodiments also move the menu when it would extend
past the edge of a window, even if it wouldn’t extend past the edge of the screen.

[00103] Figure 12 illustrates a process 1200 of some embodiments for moving a submenu
and cursor away from an edge of the screen. The process 1200 can be applied to predicted or
actual locations of a cursor after a sweep command to open a submenu. The process 1200 can
also be applied to any other command to open a menu (or submenu) that can open the menu too
close to an edge. For example, if the initial menu in a hunt and click command appears near an
edge, and a user selects a menu item close to the edge then the location where the submenu
would otherwise be displayed would be partly over the edge.

[00104] The process 1200 determines (at 1205) where the submenu should be displayed.
If (at 1210) the process 1200 determines that the submenu will fit in that location, then the
process 1200 will display the submenu at that location (at 1215). If (at 1210) the process 1200
determines that the submenu will not fit at that location, then the process 1200 automatically

moves the cursor (at 1220) to a location where the submenu will fit. In some embodiments, the
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cursor is moved directly away from the edge or corner it is too near. For example, if the submenu
is too close to the left edge of the screen, the cursor will be moved to the right. In other
embodiments, the cursor is moved back along the direction from which it came. For example, if
a cursor was swept up and to the left to reach the place too close to the edge it will be moved
down and to the right until it reaches a place far enough from the edge.

[00105] Various embodiments automatically move the cursor in various ways. For
example, in some embodiments that move the cursor first, the operation (at 1220) moves the
cursor animatedly, in the same manner as if the user was moving it with a mouse. In some
embodiments, the operation (at 1220) makes the cursor vanish from the edge of the screen and
reappear at a nearby point that will allow the submenu to be displayed. In some embodiments,
the operation (at 1220) causes the cursor to vanish and reappear on the other side of the screen
(sometimes called looping), far enough inside the screen to open the submenu entirely within the
screen. In some embodiments, the operation (at 1220) makes the cursor “bounce” off the edge of
the screen and end up far enough inside to display the submenu. In some embodiments, rather
than first moving the cursor and then displaying the submenu, the submenu is first displayed at a
location where it will fit, and the cursor is then moved to a location within the submenu (e.g., the
center) via one of the operations described above.

[00106] In some embodiments, the cursor is simply prevented from getting too close to the
edge of the screen. In some such embodiments, once a sweep command (or other submenu
selecting command) has been performed and a submenu has been selected, the application
“knows” that where the cursor stops, a submenu of a particular size will be displayed.
Accordingly, in some embodiments, the application simply ignores commands that would move

the cursor too close to the edge of a screen to accommodate a submenu of that particular size.
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[00107] In some embodiments, when the cursor starts to move too close to an edge of a
window, the cursor becomes harder to move. That is, the amount of movement of the cursor
controller necessary to move the cursor a particular distance increases. In some embodiments,
the distance the cursor travels for a given command from the cursor control device drops
exponentially. In some embodiments, the cursor acts as though there is an increasing frictional
force preventing it from moving quickly. In other embodiments, the cursor acts as though there is
a force gradient pushing it away from the edge. In some embodiments, it takes a larger command
to the cursor to move closer to the edge than to move away from the edge and when a user stops
moving the cursor closer to the edge it automatically slides away from the edge.

[00108] Whether the cursor is moved away from the edge, or prevented from reaching the
edge, the process 1200 will display (at 1225) a submenu at the new location of the cursor. In
some embodiments, a submenu will be displayed under the cursor and moves with it until the
cursor comes to rest, with the mdving submenu providing a visual cue as to why the cursor does
not move closer to the edge than some particular distance.

[00109] Figure 13 illustrates a process 1300 of some embodiments for displaying a
submenu at the location of a cursor and then moving the submenu further into the screen. As was
the case with process 1200, process 1300 can be applied to sweep commands as well as any
other command to open a menu or submenu that can open the menu or submenu too close to an
edge.

[00110] Process 1300 is similar to process 1200 up until operation 1320. Briefly, the
process 1300 determines (at 1305) where the submenu should be displayed. If (at 1310) the
process 1300 determines that the submenu will fit in that location, then the process 1300 will

display the submenu at that location (at 1315). If (at 1310) the process 1300 determines that the
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submenu will not fit at that location, then the process 1300 will display as much of the submenu
as will fit (at 1320). Once the submenu has been displayed, the process 1325 slides the submenu
away from the edge, displaying more and more of the submenu, until the entire submenu is
displayed. In some embodiments, the operation 1325 slides the submenu by repeatedly
redrawing the submenu over a short period of time, moving the menu further onto the screen
with each redrawing. Figure 14 illustrates the motion of a submenu 1400 onto the screen. The
faded submenus 1410 represent the repeated redrawing of the submenu as it is moved onto the
screen from an initial location where only half of the submenu fits on the screen. In the
embodiment of Figure 14, the final location of the menu 1400 is determined by moving the
menu 1400 directly away from the edge 1420 that it extends past rather than back along the line
of a sweep gesture that took the cursor too close to the edge. In some embodiments, moving the
menu entails redrawing the menu many more times than is illustrated in Figure 14 so as to
appear to the user that the menu is sliding onto the screen. In other words, the menu appears to
move, rather than appearing to be repeatedly erased and redrawn.

[00111] In some embodiments, operations 1320 and 1325 are combined, so that when a
cursor stops near or at the edge of the screen, the submenu will be displayed and moved at the
same time. Figures 15a-15f illustrate a submenu 1500 starting off small and expanding against
first one, then two edges. In Figure 15a submenu 1500 starts off as a small object around the
point of cursor 1505, with the top of the submenu 1500 against a top edge 1510 of the screen
(only the top edge 1510 and the left edge 1515 are shown). In Figure 15b, the submenu 1500 has
expanded, the top of submenu 1500 is still against the top edge 1505 of the screen and the center
of submenu has moved away from the top edge 1505 as the menu has expanded. In Figure 15c,

the left edge of the expanding submenu 1500 has reached the left edge 1515 of the screen.
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Because the expansion has reached the left edge of the screen, the center of submenu 1500 has
moved to the right in order to keep the submenu 1500 on the screen as it expands.

[00112] In Figures 15d-15f the edges of the submenu stay at the edges of the screen, but
the center of the submenu moves away from the edges of the screen as submenu 1500 expands
until it reaches full size in Figure 15f. In the embodiment of Figures 15a-15f, the cursor 1505
moves along with the center of the submenu 1500 as the submenu 1500 expands. In other
embodiments, a cursor does not move along with an expanding submenu. The embodiments
illustrated in Figures 15a-15f do not display the text of the submenu 1500 until the submenu
1500 has fully expanded. However, some embodiments display the text of a submenu while the
submenu expands.

[00113] Some embodiments that use an absolute position controller will not display a
submenu if a cursor is moved too close to the edge of the screen. In some such embodiments, the
submenu will be displayed the next time the user places the cursor far enough within the
boundaries of the screen. In other such embodiments, moving the cursor too close to the edge of
a window or screen aborts the menu item selection process. Other embodiments display a
submenu somewhere on the screen when the cursor gets too close to the edge and then use the
absolute position controller as a relative position controller, either until a selection and activation
of a menu item of the submenu is made, or until the entire menu selection process is complete.
Some embodiments take this a step further and start to use the absolute position controller as a
relative position controller as soon as the initial menu is activated.

[00114] Some embodiments allow submenus to be activated by sweep gestures and also
allow the submenus to be activated by alternate means. For example, some embodiments allow

submenus to be activated by hunt and click or by moving the cursor over a menu item then
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lecaving it there for some period of time (sometimes referred to as “spring loading” or “spring-
loading” the menu). In such embodiments, the same processes that move a cursor or a menu after
a sweep command, as described above, can move the cursor or menu after a spring-load or hunt
and click command.

[00115] Various embodiments determine the location at which the submenu will
ultimately be displayed in various ways. In some embodiments, when a sweep gesture is used to
open a submenu, the embodiment identifies a line from the starting point of the sweep to the end
of the sweep, then displays the menu along that line. In other words, in such embodiments, the
cursor or the menu moves back along the line of the sweep. In some embodiments, the final
location of the submenu is the closest location to the edge that the cursor is near that allows the
menu to be fully displayed. In other words, the cursor or menu moves directly away from the
edge or edges of the window or screen to which it is too close.

[00116] 1v. SPRING-LOADED COMMANDS

[00117] Some embodiments use spring-loaded commands that allow a user to select and
activate a menu item by keeping a cursor in the same place over the menu item for a preset
length of time (sometimes called “hovering” or “dwelling”). Once that time has elapsed, the
application interprets the hovering of the cursor as a command to select and activate that item.
Some embodiments employ a noise compensation function to filter out the effects of minor
cursor movements such that these minor movements do not cause the preset length of time to
reset. Some embodiments provide controls for setting the timing of spring-load commands
and/or turning the spring-load feature on and off. Figure 16 illustrates a spring-load control 1600
of some enbodiments. The spring-load control 1600 includes a check box 1610 for deactivating

the spring-load option altogether, and a slider control 1620 for setting the time that the
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application will delay (sometimes called the duration of the delay) before determining that an
unmoving cursor is a spring-load command. Some embodiments allow a user to click on the key
identifier 1630 to set or change a keyboard key (and/or set or change a cursor controller key) that
will preempt the delay time and cause the application to immediately perform the action that
would otherwise not happen until after the delay set on the slider.

[00118] Figure 17 illustrates a timing diagram 1700 for a spring-loaded selection. The
timing diagram 1700 includes button setting line 1710 that identifies the actions of a cursor
control button (or equivalent control such as a stylus on a graphics tablet) and cursor position
line 1720 that identifies the movement of the cursor commanded by the cursor control device.
Line 1710 shows a press of the button to open a menu at time 1712, and after the button is
pressed it is held down. Line 1720 shows that while the button is held down, the cursor
controller begins to command the cursor to move, eventually stopping at time 1722. The cursor
then waits there for the preset time for spring-loading. At time 1724, the cursor has been still for
long enough that some embodiments cause the menu item to blink or otherwise react to provide a
visual indicator to a user that a spring-load selection is about to occur. For example, in some
embodiments the menu item over which the cursor is hovering flashes a different color to
indicated that the spring-load selection will occur soon.

[00119] At time 1726, the cursor has been waiting at one location for longer than the
preset time for a spring-load command, so the application selects item F. In some alternate
embodiments, a spring-load command can be performed by keeping the cursor in one place on a
menu item without holding the cursor button. Figure 18 illustrates a timing diagram 1800 for
such a spring-load command. Apart from the menu being opened by a click command that

releases the button at time 1812, and the button not being held down, the two spring-load
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command timing diagrams are the same. Spring-load commands can also be used in some
embodiments to select and activate menu items without either a press-and-hold operation or a
press-and-release operation preceding the movement of the cursor over the menu item.

[00120] Figure 19 illustrates the process 1900 of some embodiments for activating a
menu item with a spring-load command using a graphics tablet or touch screen. The process
1900 waits (at 1905) for a stylus to touch the surface of the tablet. Once the contact has been
made, the process 1900 will display a radial menu (at 1910) around the cursor that appears at the
location on the display corresponding to the place where the stylus touched the tablet.

[00121] The process 1900 receives (at 1915) multiple signals from the tablet. These
signals include information identifying the location of the stylus at various times. Based on these
signals, the process 1900 determines which wedge the cursor is over. If (at 1925 or 1935), the
stylus moves before a preset time (i.e. the warning time or the spring-load time) has elapsed then
the process 1900 loops back to receiving multiple stylus contacts (at 1915).

[00122] If (at 1925) the location of the stylus stays over one wedge in the same location
for longer than a preset amount of time, the spring-load warning time, then the wedge flashes (at
1930) to alert the user that a spring-load command is about to be received. If (at 1935) the stylus
has been in one place for longer than the preset spring-load delay time then the process 1900
activates the menu item under the cursor. In some embodiments that use spring-loaded
commands, rather than being required to keep the cursor in the same place for a preset length of
time with only minimal movement, a user need only keep the cursor over the menu item without
moving the cursor outside the menu item for the preset length of time in order to activate the

spring-loaded command.
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[00123] Whether a spring-loaded command requires a still cursor, or one that merely stays
within one menu item, in some embodiments, if a selected menu item corresponds to a command
to open a submenu, then the submenu will be displayed around the cursor. If the menu item
corresponds to a command that does not open a submenu, then the command is performed. Some
embodiments provide applications with a similar process for allowing a mouse controller to be
used to spring-load a menu item. In those applications, when the mouse does not move for the
preset length of time, the application receives the activates the menu item.

[00124] Some embodiments allow a user to preempt the spring-load delay time by
pressing a keyboard shortcut key (e.g., the spacebar, the enter key, or any other key chosen by a
user). Using a cursor control device, if a user places the cursor over a menu item and then
presses the chosen keyboard shortcut key, the menu item is performed in these embodiments.
This allows the user to select and activate the menu item without waiting for the entire spring-
load delay time. In some embodiments, the user can preempt the delay time either before or after
the menu item has flashed due to the spring-load warning time being reached.

[00125] V. ALTERNATE MENU ITEM SELECTION

[00126] Some embodiments use other operations to select menu items. Figure 20
illustrates a timing diagram for selecting a radial menu item by hunt and click commands.
Figure 20 illustrates a combined diagram 2000 which shows: 1) a line 2010 identifying what
actions are being performed via a button (or equivalent control(s)) of cursor controller at various
times and 2) a line 2020 identifying the location of a cursor, relative to a radial menu 2030, at
various times.

[00127] As the figure shows, a click command 2012 occurs when a cursor control is

activated briefly, then deactivated. For example, the click command 2012 could be sent by a user
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pressing a mouse button briefly then releasing it or by a user tapping a stylus on a touchpad. In
some embodiments, click command 2012 opens the radial menu 2030 centered on the cursor.
The user then moves the cursor from the center of the menu into the wedge of one of the menu
items, as indicated by diagonal portion 2024 of line 2020. Here, item F 2032 is provided as an
example, although the cursor could also be moved to any of the other menu items. Once the
cursor is within the desired item, the user sends another click command 2014 to select and
activate the desired menu item.

[00128] Some embodiments allow a user to activate an item of a radial GUI object by
various operations using input devices other than cursor controllers (or cursor controllers with
additional functions). Some such embodiments allow a user to select an item using an input
device, but do not automatically activate the selected item. In some embodiments, the selected
item is indicated by having a darker color than the other items, or a lighter color, or inverted
colors, etc. The user can send a signal to activate the selected item.

[00129] In embodiments in which the menu displays labels for each item, a menu item can
be selected by typing at least part of the name of that item on a keyboard. Figure 21 illustrates a
radial menu with an item selected via keyboard. As the figure shows, menu 2100 has multiple
named wedges, including wedge 2110, with the name “Filter” in it. On keyboard 2120, the user
has typed “Fi” 2130. As “Filter” is the only menu item that starts with the letters “F” and “i",
wedge 2110 has been selected. In some embodiments, the user can then activate the wedge by
pressing a keyboard key (e.g., the enter key or the space-bar) or a key on some other input
device.

[00130] Some embodiments allow a user to select menu items with a scrollwheel or

equivalent control (e.g., some touchpads, arrow keys on a keyboard, etc.). Figure 22 illustrates a
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process 2200 of some embodiments for selecting menu items using a scrollwheel. The process
activates a menu (at 2210), and if the scrollwheel is rolled (at 2220) then a default menu item is
selected (at 2230). Some embodiments initially select the menu item at the top of the radial menu
(e.g., whichever menu item includes the angle 90° off the horizontal. In some embodiments, if (at
2240) the scrollwheel is rolled forward, then the next menu item in the clockwise direction will
be selected (at 2245). If (at 2250) the scrollwheel is rolled backward, then the next menu item in
the counter clockwise direction is chosen. Other embodiments use the opposite directions (i.e.,
the scrollwheel being rolled forward corresponds to counterclockwise movement through the
radial menu items). In some embodiments, a noise filter function is used to ignore small mouse
movements while a scrollwheel is being turned. Such filters protect against the scrollwheel
selection process being interrupted by the system misinterpreting an accidental mouse movement
as a different input method, such as a sweep or hunt and click.

[00131] In some embodiments, if a scrollwheel is rolled far enough in one direction (e.g.,
each menu item selected once), then the selection returns to the first menu item after the last item
is selected. In some such embodiments, the selection can loop back to the first menu item any
number of times as the scrollwheel continues to roll in that direction. In some such embodiments,
if the scrollwheel is rolled far enough in the opposite direction (e.g., each menu item selected
once) then a center item of the menu is selected to allow the user to dismiss the menu with an
activation command.

[00132] If (at 2260) an activation command is received, then the process 2200 activates (at
2270) the item that is selected when the activation command is received. Otherwise, the process
2200 loops back to operation 2240. In some embodiments, gestures on a touchpad can substitute

for the scrollwheel. For example, in some embodiments, sliding one, two, or more than two
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fingers linearly down a touchpad is used to scroll through (e.g., select) menu items. Similarly, in
some embodiments, placing two fingers on a touchpad and rotating them relative to each other
(pivoting) or sliding them along with each other in a rotational motion can be used to scroll
through (e.g., select) menu items. In some embodiments that select items from a radial menu, the
default selected item is the menu item corresponding to the angle of 90° from the horizontal (i.c.,
the 12 o’clock position). For example, in Figure 21, the item “Action” of radial menu 2100
would be initially selected. A scrollwheel, trackpad gesture, or other such input could then be
used to scroll through the other menu items of radial menu 2100 either clockwise or
counterclockwise.

[00133] Some recent computers with touchpads (e.g. Apple ® laptops) support 'trackpad
gestures'. For example, if a user places two fingers on the trackpad and pivots the fingers, the
computer interprets the pivoting as a rotate gesture. In some embodiments, depending on the
direction of rotation the selection would progress clockwise or counter-clockwise, in a similar
manner to the process 2200. Some embodiments allow a user to select successive radial menu
items using the arrow keys of a keyboard. The down and left keyboard arrows cause the selection
indicator to move counter-clockwise.

[00134] In some embodiments, if some means other than a cursor controller is used to
select a menu item that activates a submenu, the cursor is automatically moved (e.g., an animated
sliding of the cursor) to the location of the center of the activated menu. In other embodiments,
the menu activates around the current location of the cursor when a submenu is selected by some
means other than a cursor controller. In still other embodiments, the menu opens up somewhere
other than around the cursor (e.g., at the location of the menu item that opened the submenu) and

neither the cursor nor the menu are moved.
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[00135] Some embodiments allow a user to activate menu items using a cursor controller
(e.g., hunt and click, gestural, spring-loaded) and also allow a user to select and activate menu
items with keyboard inputs, trackpad gestures, and/or scrollwheels.

[00136] V1. CURSOR CONTROL DEVICES

[00137] As described above, various types of cursor control devices can be used in
conjunction with some embodiments of the present invention. Relative position cursor control
devices (“relative position controllers™) are devices that are used in conjunction with GUIs to
move a cursor relative to its pre-existing position. Relative position controllers include devices
such as mice, trackball mice, touch-pads (e.g., laptop touch-pads) and joysticks. Absolute
position cursor control devices (“absolute position controllers™) are devices that provide a one-
to-one correspondence between positions of particular points on the device and locations on a
screen of a GUI. Absolute position controllers include graphics tablets (sometimes called
“graphics pads”, “digitizing tablets”, or “drawing tablets”), signature recorders at retail
establishments, touch-screen computers, many ATM screens, and touch-screen devices such as
the iPhone®.

[00138] Some types of hardware can be used as either relative position controllers or
absolute position controllers. For example, a GUI could be set to move the cursor to a location
on the screen corresponding to the location on a touch-pad that was touched, thus using the
touch-pad as an absolute position controller. However, a GUI could also be set so that when a
touchpad is touched, the cursor does not go to a location corresponding to the location at which
the touch pad was touched but instead moves only when the touch-pad is stroked, thus using the
touch-pad as a relative position controller.

[00139] Some embodiments operate with cursor control devices that use a relative
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position system, some embodiments operate with cursor comtrol devices that use absolute

position systems, and some embodiments work with either type of device. Such devices are

further described below.
[00140] A. Relative Position Cursor Control Devices
[00141] Some embodiments use relative position cursor controllers such as mice or touch-

pads. Relative position cursor controllers command the cursor to move relative to its existing
position. That is, the cursor controller sends commands to the computer that the computer
interprets as commands to change the position of the cursor, rather than commands to move the
cursor to a particular location. If a cursor is at the left edge of the screen and the relative position
cursor controller commands it to move right, the cursor moves to the right of its starting position
(at the left edge of the screen). Likewise if the cursor is at the middle of the screen and is
commanded to move right, it moves right relative to its starting position at the middle of the
screen.

[00142] Relative position cursor controllers typically do not measure an absolute position
of the control. Accordingly, in some embodiments when a cursor stops at a position that is too
close to an edge of the screen and is automatically moved to a new location (as described in
section III above) the new location becomes the position from which the relative cursor
controller acts.

[00143] One example of a relative position cursor control device is a computer mouse.
Figure 23 illustrates a mouse 2310, a computer 2314, and a display screen 2320 of some
embodiments. A mouse button 2312 can be pressed, which sends a signal to computer 2314 (not
drawn to scale) that the button has been pressed. The computer 2314 has drivers that interpret the

signal and pass that information on to an application that uses radial menus. The application uses
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a graphics card in the computer 2314 to cause the menu 2330 to be displayed on display screen
2320 around cursor 2340 in response to the pressing of the button 2312.

[00144] The mouse 2310 can be moved in any direction such as the direction of arrow
2332a. The mouse 2310 sends a signal 2311 to the computer (which the computer drivers
interpret and pass to the application) that the mouse 2310 is moving along the direction of arrow
2332a at a particular speed. In some embodiments, the signal 2311 corresponds to the mouse’s
actual direction and speed as indicated by arrow 2332b. In other embodiments, the signal 2311
corresponds to the mouse’s motion in the x direction 2342a and the y direction 2342b. The
drivers (or the application) interpret the signals from the mouse. The application then moves
cursor 2340 in the direction of the arrow 2332¢ and performs any actions that it is programmed
to perform when the mouse 2310 moves in that direction (e.g., activating wedge 2350).

[00145] Relative position controllers often have multiple buttons for activating different
functions, such as mouse buttons 2312 and 2352. Some embodiments take advantage of this by
assigning different top-level menus to different buttons. These embodiments display the menu
associated with a particular button when that button is pressed. In some embodiments, a click-
and-sweep operation requires clicking and holding a particular mouse button and moving the
cursor with the mouse while holding that button. For example, a file menu and its submenus
might be accessed by right-clicking and holding a mouse button (e.g., pushing down and holding
down mouse button 2312) and moving the mouse 2310 while holding mouse button 2312, while
a text formatting menu and its submenus might be accessed by left-clicking and holding mouse

button 2352 and moving the mouse 2310 while holding the button.
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[00146] B. Absolute Position Devices

[00147] Some embodiments use absolute position cursor control devices, such as graphics
tablets or touch screen devices. An absolute position device provides a one-to-one
correspondence between a setting of the device and the location of the cursor on the screen. That
is, commands that identify a position are sent to a computer rather than commands to change a
position. For example, on a touch screen, touching a part of the screen directs the cursor to the
location that was touched. Figure 24 illustrates a one-to-one correspondence between locations
on a graphics tablet 2410 and locations on a display screen 2430. The figure shows a number of
locations 2420a-2420¢ on tablet 2410. The circles at locations 2420a-2420e are used to identify
the locations in the figure for descriptive purposes, rather than representing physical objects or
marks on the graphics tablet itself.

[00148] Touching the tablet’s surface 2410 at locations 2420a-2420¢ would activate any
GUI elements in screen 2415 at locations 2440a-2440e, respectively. Likewise, some
embodiments display a cursor 2450 at the location on the screen 2415 corresponding to the
location that the stylus 2460 is touching the touchpad. Some embodiments use a touch screen as
a combination graphics tablet and display. In such embodiments, the cursor will be displayed at
the actual location on the display that the stylus or finger is touching.

[00149] One difference in the processes of using a mouse and using a graphics tablet is
that the direction of the motion of the stylus 2460 or finger on the graphics tablet 2410 is derived
from successive positions of the finger or stylus 2460 over time, rather than calculated from
motion signals as was the case for the mouse.

[00150] Figure 25 presents one embodiment of a touch-sensitive input device that may be

utilized to implement the present invention. For some embodiments, touch-sensitive cursor-
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controlling input device 2500 is a graphics tablet (not drawn to scale). Graphics tablet 2500
includes virtual electrode pad 2505, electrical balance measurement circuit 2515, balance ratio
determination circuit 2520, and microcontroller 2525. For some embodiments, virtual electrode
pad 2505 is in the shape of a rectangular sheet. It is capable of forming "virtual electrodes” at
various positions on its top and bottom surfaces. These electrodes are denoted as "virtual
electrodes” since separate conductive strips on the two sides of pad 2505 are used to form single
elements denoted as "virtual electrodes." The virtual electrodes are connected to electronic
circuitry capable of measuring the electrical balance between selected top and bottom virtual
electrodes.

[00151] Balance ratio determination circuit 2520 determines the ratio of one balance
measurement to another. Microcontroller 2525 selects appropriate electrodes for balance
measurement and ratio determination. Microcontroller 2525 also responds to balance ratios to
calculate position information of the sensed object (e.g., finger 2510). This information may
include positional data along one axis or two axes parallel to the electrode pad surface (e.g.,
along the x and y axes). Additional "proximity" information along an axis perpendicular to the
surface of electrode pad 2505 (e.g., along the z-axis) may also be determined from an
appropriate balance measurement. Position information determined by microcontroller 2525 is
provided to a utilization means 2530, which may be any of a variety of electronic or computer
devices (such as computer 2314).

[00152] Consequently, graphics tablet 2500 generates X, y, and z data pertaining to the
user's contact with the graphics tablet (e.g., pertaining to the position of the operator's finger on
the graphics tablet) over some region in the x, y and z directions. Velocities, accelerations,

timing differentials, and signal strengths can be determined from this data string. As mentioned
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below, when these parameters are considered along with prior events, it is possible to discern
between cursor manipulation, click, multi-click, drag, click-and-drag, and multi-click-and-drag
operations. Additionally, raw x, y, and z data can be filtered to optimize the operation of the
touch-sensitive input device as perceived by the user.

[00153] Since feedback to the user that an operation has been initiated or completed is
important, feedback to the user is incorporated into some embodiments through the use of audio
signals (e.g., various beeps, clicks, or customizable sounds issued through the computer's sound
system) or video signals (e.g., a change in shape, color, or highlighting of the cursor, on-screen
status indicator, etc.).

[00154] In some embodiments, the GUI of an application using an absolute position
controller such as a graphics tablet may not show a cursor at all until a user touches the active
surface of the tablet (c.g., with a stylus). When the user has touched the surface, the cursor
appears at the location on the screen corresponding to the location on the tablet that the user
touched.

[00155] In some embodiments, predicting where to display a menu when using an
absolute position cursor control device includes predicting what location the control device will
indicate when the location stops changing. A click and sweep operation on a graphics tablet
involves touching part of an active surface of the tablet (e.g., with a finger or stylus) and stroking
the surface. As the finger or stylus moves on the surface, it sends new positions for the cursor to
the GUI. Accordingly, predicting what location a graphics tablet will indicate means predicting
where a stroking finger (or stylus, etc.) will stop touching the tablet.

[00156] In other embodiments, predicting where to display a menu includes predicting

where a stylus or finger used to indicate the position will end up after leaving the controller. For
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a graphics tablet, this would mean assuming that the user’s finger or stylus would keep moving
after leaving the tablet and predicting what portion of the tablet the user’s finger will be hovering
over when the finger stops moving.

[00157] As described above, an application using a relative position controller can simply
move the cursor to a new location on the screen and that new position will become the position
from which future movement commands will apply. However, that is not the case for an absolute
position controller. For example, if an application is using a graphics tablet, the position of the
cursor on the screen is determined by the position of the user’s stylus on the graphics tablet.
Because of the absolute positioning system used by such controllers, any move of the cursor on
the screen without a corresponding move of the user’s stylus on the graphics tablet would break
the one-to-one correspondence between the cursor’s position on the screen and the location of
the stylus. Accordingly, such applications cause the submenus to be displayed at the predicted or
actual stopping point when that point is not too close to an edge. However, when the user moves
the cursor too close to the edge, the applications cause a menu to be displayed as close to the
cursor as possible and rely on the user to move the cursor to the menu.

[00158] VIl. SOFTWARE ARCHITECTURE

[00159] Some embodiments are implemented by computer programs (e.g., applications)
executed on processors and stored on computer readable media with software modules. Figure
26 conceptually illustrates the software architecture 2600 for an application that uses the menus
of some embodiments. In some embodiments the application is an operating system, while in
other embodiments the application is a stand-alone application or is integrated into another
application. Figure 26 illustrates a menu controller 2610, menu structure database 2614, GUI

display module 2618, graphics system 2622, application control system 2640, detector modules
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2637a-2637d, and drivers 2630 and 2632.

[00160] The menu controller 2610 receives data about menu and submenu items 2612
from a menu structure database 2614. The data 2612 can include information about what
commands the menu items of a particular menu correspond to, such as commands to open
submenus and non-submenu commands (e.g., a “Save” command). The data 2612 can also
include information about the size and position of the menu items in a menu.

[00161] Using the data 2612, the menu controller 2610 provides visual displays of the
menus to a user by sending data 2616 about menu and submenu items and the positions of menus
and submenus to a GUI display module 2618. The GUI display module 2618 provides GUI
image data 2620 to a graphics system 2622, which then provides a user with a display of the
GUI, including any menu or submenu invoked by the menu controller. In some embodiments the
graphics system 2622 is part of an operating system. In other embodiments, the graphics system
is part of the application.

[00162] The user interacts with the menus using input devices (not shown). The input
devices, such as cursor controllers and keyboards, send signals to the cursor controller driver
2630 and the keyboard driver 2632, which translate those signals into user input data 2634 that
are then provided to the menu controller 2610.

[00163] The menu controller 2610 sends data 2636 (in some embodiments including the
user input data and positions of the menu items of any menus open at the time) to detector
modules 2637a-2637d that identify when a click, sweep, spring-load, or some other selection
method has been used to select a menu item of the current menu. In the illustrated embodiment,
the modules that identify cursor commands are part of the application (or operating system) that

uses radial menus. However, in some embodiments, an operating system or drivers of the
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operating system identify the cursor commands and pass that data on to the application. For
example, in some embodiments, the direction of a sweep command is determined by the
operating system, by drivers of the operating system, or by hardware or software in the cursor
control device.

[00164] When a menu item is selected, it could either be a menu item that corresponds to a
submenu or a menu item that corresponds to a non-submenu command. If the selected menu item
corresponds to a submenu, then the menu controller 2610 opens the submenu at an appropriate
location (as described earlier in this specification) and passes this information to the GUI display
module. If the menu item selected corresponds to a non-submenu command (e.g., print current
page), then the menu controller 2610 sends the non-submenu command to the control system
2640 of the application. The control system 2640 then executes the selected command.

[00165] While many of the features have been described as being performed by one
module (e.g., the menu controller #3310), one of ordinary skill would recognize that the
functions might be split up into multiple modules, and the performance of one feature might
even require multiple modules.

[00166] IX. COMPUTER SYSTEM

[00167] Computer programs for implementing some embodiments are executed on
computer systems. Figure 27 illustrates a computer system with which some embodiments of the
invention are implemented, such a computer system includes various types of computer readable
mediums and interfaces for various other types of computer readable mediums. Computer system
2700 includes a bus 2705, a processor 2710, a graphics processing unit (GPU) 2720, a system
memory 2725, a read-only memory 2730, a permanent storage device 2735, input devices 2740,

and output devices 2745.
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[00168] The bus 2705 collectively represents all system, peripheral, and chipset buses that
communicatively connect the numerous internal devices of the computer system 2700. For
instance, the bus 2705 communicatively connects the processor 2710 with the read-only memory
2730, the GPU 2720, the system memory 2725, and the permanent storage device 2735.

[00169] From these various memory units, the processor 2710 retrieves instructions to
execute and data to process in order to execute the processes of the invention. Some instructions
are passed to and executed by the GPU 2720. The GPU 2720 can offload various computations
or complement the image processing provided by the processor 2710. In some embodiments,
such functionality can be provided using Corelmage’s kernel shading language.

[00170] The read-only-memory (ROM) 2730 stores static data and instructions that arc
needed by the processor 2710 and other modules of the computer system. The permanent storage
device 2735, on the other hand, is a read-and-write memory device. This device is a non-volatile
memory unit that stores instructions and data even when the computer system 2700 is off. Some
embodiments of the invention use a mass-storage device (such as a magnetic or optical disk and
its corresponding disk drive) as the permanent storage device 2735.

[00171] Other embodiments use a removable storage device (such as a floppy disk, flash
drive, or ZIP® disk, and its corresponding disk drive) as the permanent storage device. Like the
permanent storage device 2735, the system memory 2725 is a read-and-write memory device.
However, unlike storage device 2735, the system memory is a volatile read-and-write memory,
such a random access memory. The system memory stores some of the instructions and data that
the processor needs at runtime. In some embodiments, the invention’s processes are stored in the
system memory 2725, the permanent storage device 2735, and/or the read-only memory 2730.

[00172] The bus 2705 also connects to the input and output devices 2740 and 2745. The
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input devices enable the user to communicate information and select commands to the computer
system. The input devices 2740 include alphanumeric keyboards and pointing devices (also
called “cursor control devices”). The output devices 2745 display images generated by the
computer system. For instance, these devices display a GUI. The output devices include printers
and display devices, such as cathode ray tubes (CRT) or liquid crystal displays (LCD).

[00173] Finally, as shown in Figure 27, bus 2705 also couples computer 2700 to a
network 2765 through a network adapter (not shown). In this manner, the computer can be a part
of a network of computers (such as a local area network (“LAN”), a wide area network
(“WAN”), or an Intranet, or a network of networks, such as the internet. For example, the
computer 2700 may be coupled to a web server (network 2765) so that a web browser executing
on the computer 2700 can interact with the web server as a user interacts with a GUI that
operates in the web browser.

[00174] Any or all components of computer system 2700 may be used in conjunction with
the invention. For instance, in some embodiments the execution of the frames of the rendering is
performed by the GPU 2720 instead of the CPU 2710. Similarly, other image editing functions
can be offloaded to the GPU 2720 where they are executed before the results are passed back
into memory or the processor 2710. However, a common limitation of the GPU 2720 is the
number of instructions that the GPU 2720 is able to store and process at any given time.
Therefore, some embodiments adapt instructions for implementing processes so that these
processes fit onto the instruction buffer of the GPU 2720 for execution locally on the GPU 2720.
Additionally, some GPUs 2720 do not contain sufficient processing resources to execute the
processes of some embodiments and therefore the CPU 2710 executes the instructions. One of

ordinary skill in the art would appreciate that any other system configuration may also be used in
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conjunction with the present invention.

[00175] As mentioned above, the computer system 2700 may include any one or more of a
variety of different computer-readable media. Some examples of such computer-readable media
include RAM, ROM, read-only compact discs (CD-ROM), recordable compact discs (CD-R),
rewritable compact discs (CD-RW), read-only digital versatile discs (DVD-ROM), a variety of
recordable/rewritable DVDs (e.g., DVD-RAM, DVD-RW, DVD+RW, etc.), flash memory (e.g.,
SD cards, mini-SD cards, micro-SD cards, etc.), magnetic and/or solid state hard drives, ZIP®
disks, and floppy disks.

[00176] While the invention has been described with reference to numerous specific
details, one of ordinary skill in the art will recognize that the invention can be embodied in other
specific forms without departing from the spirit of the invention. For example, while many of the
features described herein are described in the context of radial menus, many of these features can
be applied to any radial structure in a GUI (e.g., a radial file folder system). Further, many of the
features are applicable to radial hierarchical menus that are not round (e.g., menus that are square
instead of round). Similarly, while the embodiments above are described in terms of radial
menus, the features can be applied to any other display area in a GUI Displayed GUI objects
may sometimes be referred to as display areas.

[00177] Some of the described embodiments have been described in reference to
particular devices, such as a graphics tablet or a touch sensitive screen. Features of some
embodiments described as relating to one or the other apply to embodiments of either one.
Similarly, features of embodiments described in terms of a mouse may apply to embodiments
using touchpads.

[00178] Some of the described embodiments refer to “submenus” or “menus”. However in
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some embodiments, features described as applying to menus may apply to submenus and
features described as applying to menus may apply to submenus. For example, descriptions that
include moving submenus can apply to moving menus and descriptions that include moving
menus can apply to moving submenus, Similarly, the term window as used in the specification
can include windows that occupy a full screen, and windows without visible borders. In some
descriptions of the illustrated embodiments, the term “screen” is used without the term
“window”, however features described in terms of screens may apply to windows in some
embodiments. Thus, one of ordinary skill in the art would understand that the invention is not to

be limited by the foregoing illustrative details, but rather is to be defined by the appended claims.
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1. A method comprising:
a) displaying a first graphical user interface (GUI) object comprising a

plurality of selectable GUT items;

b) detecting a movement of a cursor in a direction of a particular selectable
GUI item;
C) determining an expected location for the stopping of the cursor; and
d) displaying, at the expected location, a second GUI object corresponding to
the particular GUI item.
2. The method of claim 1, wherein determining the stopping location comprises

identifying a location at which the movement of the cursor actually stops.

3. The method of claim 1, wherein determining the stopping location comprises
predicting, before the movement stops, a location where the movement is expected to stop.

4. The method of claim 3 further comprising moving said second display area from
said location where said movement is expected to stop to a location where said movement
actually stops.

5. The method of claim 3, wherein the location where said movement is expected to
stop is based at least partly on a speed and an acceleration of the cursor.

6. The method of claim 3, wherein the movement of the cursor is determined by a
movement of a stylus on a surface, and wherein the location where said movement is expected to
stop is based at least partly on a pressure of the stylus on the surface.

7. The method of claim 6, wherein the surface is the surface of a graphics tablet.

8. The method of claim 6, wherein the surface is the surface of a touch sensitive

display.
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9. The method of claim 1, wherein the second display area is displayed after a cursor
control is released.

10.  The method of claim 9, wherein the determined stopping location is a location of
the cursor when the cursor control is released, wherein the display area moves with the cursor
until the cursor actually stops moving.

11.  The method of claim 1, wherein the first display area comprises a radial menu and
said second display area comprises a submenu of the radial menu.

12. The method of claim 11, wherein the particular section comprises a menu item for
opening said submenu.

13.  The method of claim 1, wherein detecting a movement of the cursor comprises
determining a direction of the movement of the cursor.

14, The method of claim 1, wherein the second GUI object comprises a second
plurality of selectable GUI items, the method further comprising:

a) detecting an outward motion of a cursor from a location in the second GUI
object;

b) correlating the outward motion to a second selectable GUI item from the
second plurality of selectable GUI items; and

c) performing a function associated with the second selectable GUI item.

15.  The method of claim 14, wherein correlating the outward motion to a second
selectable item comprises identifying a direction of the outward motion.

16. A method comprising:

a) defining a first display area for displaying about a cursor;

b) defining a second display area for displaying at a particular location; and
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c) defining a set of modules for determining the particular location to display
the second display area based on a movement of the cursor in a direction of a particular section
of the first display area, the second display area corresponding to the particular section of the
first display area.

17. The method of claim 16, wherein the set of modules are defined within an

operating system.

18. The method of claim 16, wherein the set of modules are defined within an
application.
19. A computer readable medium storing a computer program for execution by at

least one processor, said computer program comprising sets of instructions for:
a) displaying a display area around a cursor, said display area comprising a
plurality of selectable items;
b) identifying a direction of a movement of said cursor;
) performing a function corresponding to a particular selectable item
corresponding to said direction of movement;
d) identifying a location of said cursor when a cursor control activation
command is received; and
e) performing a function corresponding to a particular selectable item that the
cursor is over when the cursor control activation signal is received.
20. The computer readable medium of claim 19, wherein said cursor control
activation signal comprises a signal that a stylus has contacted a surface.
21.  The computer readable medium of claim 19, wherein said cursor control

activation signal comprises a signal that a mouse button has been pressed.
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22.  The computer readable medium of claim 19, wherein said computer program
further comprises sets of instructions for:

a) identifying a location of said cursor when said cursor has been over a
particular selectable item for a time exceeding a preset duration; and

b) executing a command selected from said plurality of commands by said
location of said cursor when said cursor has been over said particular selectable item for said
time exceeding the preset duration.

23. A computer readable medium storing a computer program for execution by at
least one processor, the computer program comprising sets of instructions for:

a) determining that a first identified location is too close to an edge of a
window of a graphical user interface to display a radial display area;

b) identifying a second location far enough from the edge to fully display the
radial display area within the window; and

c) displaying the radial display area at the second location.

24.  The computer readable medium of claim 23, wherein the first identified location
is a location of a cursor.

25.  The computer readable medium of claim 23, wherein the set of instructions for
determining that the first identified location is too close to the edge of the window comprises a
set of instructions for comparing a distance from the first location to an edge of the window to a
size of the radial display area.

26.  The computer readable medium of claim 23, wherein the first identified location

is a predicted location at which a moving cursor is expected to stop moving.
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27.  The computer readable medium of claim 26, wherein the second location lies
along a path taken by the cursor while moving.

28.  The computer readable medium of claim 23, wherein the set of instructions for
displaying the radial display area at the second location comprises sets of instructions for:

1) displaying part of the radial display area at the first location; and
(i)  moving the radial display area to the second location.

29.  The computer readable medium of claim 28, wherein the set of instructions for
moving the radial display area to the second location comprises a set of instructions for
successively displaying the radial display area at locations between the first location and the
second location.

30.  The computer readable medium of claim 29, wherein the set of instructions for
successively displaying the radial display area comprises a set of instructions for displaying a
larger part of the radial display area at each successive location.

31. The computer readable medium of claim 28, wherein the set of instructions for
displaying part of the radial display area at the first location comprises a set of instructions for
displaying as much of the radial display area as fits within the window when the radial display
area is at the first location.

32, The computer readable medium of claim 23, wherein the computer program
further comprises a set of instructions for identifying a third location to display a cursor.

33. The computer readable medium of claim 32, wherein the third location is within
the radial display area when the radial display area is displayed at the second location.

34. The computer readable medium of claim 33, wherein the cursor is displayed at the

third location prior to the display of the radial display area at the second location.
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35.  The computer readable medium of claim 32, wherein the computer program
further comprises a set of instructions for moving the cursor to the third location as the radial
display area is moved from the first location to the second location.

36.  The computer readable of claim 23, wherein the set of instructions for displaying
the radial display area at the second location comprises sets of instructions for:

(1) displaying the radial display area at the first location at a reduced size such
that the radial display area fits within the window; and

(ii)  expanding the radial display area while moving the center of the radial
display area away from the edge.

37. A method comprising:

a) defining a display area for display in a window of a graphical user
interface (GUI); and

b) defining a set of modules for (i) identifying a command to display the
menu around a moving cursor once the cursor stops moving, and (ii) preventing the cursor from
entering a portion of the window in which the display area cannot be fully displayed around the
cursor while remaining within the window.

38.  The method of claim 37, wherein preventing the cursor from entering the portion
of the window comprises ignoring received signals from a cursor controller indicating a
command to move the cursor into the portion of the window.

39.  The method of claim 37, wherein preventing the cursor from entering the portion
of the window comprises moving the cursor with speed reduced by a predetermined factor in
response to receiving signals from a cursor controller to move a cursor into the portion of the

window.
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40.  The method of claim 39, wherein the predetermined factor increases as the cursor
approaches an edge of the window.

41. A method comprising:

a) defining a display area for display at a first location in a window of a
graphical user interface; and

b) defining a set of modules for (i) determining that at least a portion of the
display area does not fit within the window when the display area is displayed at the first
location, and (ii) sliding the display area to a second location such that the entire display area is
displayed within the window.

42. A method comprising:

a) defining a radial display area comprising a plurality of selectable items
arranged about an internal point of the radial display area; and

b) defining a set of modules for (i) determining a first location to display the
radial display area, and (ii) determining a second location within the display area to which a
cursor is automatically moved.

43, A computer readable medium storing a computer program which when executed
by at least one processor performs a function in a graphical user interface (“GUI”), the computer
program comprising sets of instructions for:

a) in the GUI, displaying a menu comprising a set of selectable menu items;

b) detecting that a cursor is in place over a particular menu item for a
predetermined duration; and

c) when the cursor is in place over the particular menu item for the

predetermined duration, performing a function associated with the menu item.
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44.  The computer readable medium of claim 43, wherein the predetermined duration
is a first predetermined duration, the computer program further comprising sets of instructions
for:

a) prior to detecting that the cursor is in place for the first predetermined
duration, detecting that the cursor is in place over the particular menu item for a second
predetermined duration shorter than the first;

b) upon detecting that the cursor is in place over the particular menu item for
the second predetermined duration, providing a visual indication that the menu item will be
selected if the cursor is not moved;

45, The computer readable medium of claim 44, wherein the set of instructions for
providing a visual indication comprises a set of instructions for flashing the menu item.

46. The computer readable medium of claim 43, wherein the set of instructions for
performing the function comprises a set of instructions for sending a command to a program.

47.  The computer readable medium of claim 43, wherein the set of instructions for
performing the function comprises a set of instructions for displaying a submenu in the GUL

48.  The computer readable medium of claim 43, wherein the menu is a radial menu.

49.  The computer readable medium of claim 43, wherein the menu is a hierarchical
structure of commands grouped by categories.

50.  The computer readable medium of claim 43, wherein the set of instructions for
detecting that the cursor is in place over the particular menu item for the predetermined duration
comprises a set of instructions for detecting that the cursor is over any part of the menu item

during the duration.

o1
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51.  The computer readable medium of claim 43, wherein the set of instructions for
detecting that the cursor is in place over the particular menu item for the predetermined duration
comprises a set of instructions for detecting that the cursor is over the same point in the menu
item for the entire duration.

52. The computer readable medium of claim 43, the computer program further
comprising sets of instructions for:

a) receiving keyboard input to perform the function associated with the menu
item prior to the cursor being in place over the menu item for the predetermined duration; and

b) performing the function associated with the menu item in response to the
keyboard input.

53. A method comprising:

a) defining a menu comprising a set of selectable menu items in a graphical
user interface (GUI);
b) defining a set of modules for (i) identifying that a cursor is in place over a

particular menu item for a predetermined duration, and (ii) performing a function associated with
the particular menu item when the cursor is in place over the particular menu item for the
predetermined duration.

54, The method of claim 53, wherein the set of modules is further for (i) identifying
input from a keyboard prior to the cursor being in place over the particular menu item for the
predetermined duration, and (ii) based on said input from said keyboard, performing the function
associated with the particular menu item after the cursor is placed over the menu item but before

the predetermined duration.
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55.  The method of claim 53, wherein the set of modules is further for (i) identifying
that the cursor is in place over the particular menu item for a second predetermined duration
shorter than the first, and (ii) when the cursor is in place over the particular menu item for the
second predetermined duration, causing the particular menu item to provide a visual indication
that the menu item will be selected.

56. A method comprising:

a) defining a radial menu comprising a set of selectable menu items; and

b) defining at least one module for (i) selecting a first menu item based on a
first input, (ii) selecting a second menu item based on a second input such that the first menu
item is no longer selected, and (iii) activating the second menu item based on a third input.

57. The method of claim 56, wherein the radial menu is a circular menu, wherein the
selectable menu items are wedges.

58.  The method of claim 56, wherein the radial menu is a square menu, wherein the
selectable menu items are rectangular.

59.  The method of claim 56, wherein the selectable menu items are displayed around

the radial menu.
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