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SYSTEMS AND METHODS FOR DISPLAYING
REPRESENTATIVE IMAGES

FIELD OF THE INVENTION

[001] Embodiments of the present invention relate generally to user interface design, and more

specifically to systems and methods for displaying representative images.

BACKGROUND

[002] In conventional operation, display pages comprising graphical user interfaces are often
constrained by a grid, by sequence, or by a predetermined location (e.g. top of a screen).
However, as the user manipulates a device displaying a graphics user interface, a consistent
experience from one orientation to another is not maintained. For example, swiping from left to
right on a home screen of a device in a first orientation does not carry over to a similar left to

right motion in a second orientation.

[003] Additionally, typical collection viewers enable users to view a collection of
representative images as a two-dimensional grid of representative images. The representative
images are conventionaily positioned within the grid according to a specific sequence, such as a
file name, a file sequence number, a sort sequence number, or an image sequence number, The
grid is populated with representative images placed in different screen locations as a function of
device orientation. Width of the grid is associated with horizontal screen width, which may be
different in landscape versus portrait orientations. As a consequence, the physical location of a
specific representative image may change when device orientation changes because the
collection viewer typically needs to alter the grid layout of the representative images. Changing

the physical location of a representative image in response to a device orientation change
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commonly causes the user to lose track of the representative image after the orientation change.
The user is then forced to scan the collection viewer to find the relocated image, creating a
frustrating, time consuming, and inefficient experience. Additional time needed by the user to
locate the representative image typically results in diminished overall power efficiency for a

device in performing specified operations.

[004] As the foregoing illustrates, there is a need for addressing this and/or other related issues

associated with the prior art.
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SUMMARY

[005] A system, method, and computer program product for displaying representative images
within onc or more subpancls of a user interface is disclosed. The method comprises
configuring, by a processor unit, an adjacent relationship between a visible subpanel of the oune
or more subpanels and at least one not-visible subpanel of the one or more subpanels, Next, a
second relationship i3 configured between each of two or more representative images and an
associated subpanel of the one or more subpanels, wherein the second relationship defines a
location on the associated subpanel where cach of the two or more representative images 1s
displayed. Additionally, a notification is received indicating a new orientation for at least one of
the one or more subpanels. In response to the new orientation, an in-place rotation animation is
generated for the two or more representative images based on the adjacent relationship and the
second relationship. Additional systems, methods, and computer program products arc also

presented.

[006] In a f{irst embodiment, the adjacent relationship may include a lincar orientation
comprising at least one oft a lefi-to-right orientation, a right-to-left orientation, a side-to-side
orientation, an up-to-down orientation, a down-to-up orientation, a top-to-boitom orientation, a
bottom-to-top orientation, and a corner-to-corner orientation. Additionally, the in-place rotation
animation may occur independently for each of the two or more representative images affected

by the new orientation.

(0071 In a second embodiment (which may or may not be combined with the frst
embodiment), the notification may occur based on a rotation of the mobile computing device.
Additionally, the notification may comprise a message in an object-based message passing
system. Further, the notification may be generated in response to a measurement of a physical
force associated with the mobile computing device. Morcover, the notification of the new
orientation may be based on a sufficient change in orientation angle of the mobile computing

device, wherein the orientation angle includes a hysteresis function.

[008] In a third embodiment {which may or may not be combined with the first and/or second

embodiment}, the in-place rotation animation may include an animation state comprising a
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current rotation angle. Additionally, the in-place rotation animation may include an animation
state comprising a current scroll position. The in-place rotation animation may be generated by a

graphics processing unit within the mobile computing device.

[009] In a fourth embodiment (which may or may not be combined with the first, second
and/or third embodiment), cach one of the two or more representative images may be displayed
at a dilferent predetermined location relative to a physical origin for the display unit during the

in-place rotation animation.

(00107 In a fifth embodiment (which may or may not be combined with the first, second, third
and/or fourth embodiment}, the in-place rotation animation may be further generated by:
generating a sequence of animation {rames; and displaying the sequence of animation frames;
wherein each animation frame of the sequence of animation frames depicts a different animation
state in a sequence of animation states for the two or more representative images. For example,
an animation frame of the sequence of animation frames may be generated by: computing a
current animation state for the amimation {rame; identifying the two or more representative
images to render in the animation frame; and rendering at least the two or more representative

images in place, according to the current animation state,

[0011] In a sixth embodiment (which may or may not be combined with the first, second, third,
fourth, and/or fifth embodiment), the two or more representative images may be organized onto
a grid pattern of the one or more subpanels of the user interface, wherein the grid pattern
meclodes both a visible region and a non-visible region. Additionally, the associated subpanel
may include a reference coordinate and cach of the two or more representative tmages is
positioned on the associated subpanel at a 2D offset with respect to the reference coordinate. For

example, the 2D offset may be preserved after the new orientation.

[0012] In a seventh embodiment (which may or may not be combined with the first, second,
third, fourth, fifth, and/or sixth embodiment), the second relationship may include an offset
relative to a physical display location for each of the two or more representative images when an

associated subpanel is visible. Further, the user interface may include an information bar with an
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edge orientation, wherein after the new orientation, the information bar is repositioned to

maintain the edge orientation.

[0013] To this end, in some optional embodiments, onc or more of the foregoing features of the
aforementioned system, method, and/or computer program may resull in display of
representative images. [t should be noted that the aforementioned potential advantages are set

forth for illustrative purposes only and should not be construed as limiting in any manner,
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BRIEF DESCRIPTION OF THE DRAWINGS

[6314] So that the manner in which the above recited features of embodiments of the present
invention can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are illustrated in
the appended drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.

[0015] Figure 1A illustrates a flow chart of a method for displaying two or more representative

images within one or more subpanels, in accordance with an embodiment,

[0016] Figure 1B illustrates a flow chart of a method for displaying a collection of

representative images, according to one embodiment.

[0017] Figure 24 illustrates a front view of a mobile device comprising a display unit, according

to one embodiment,

[0018] Figure 2B illustrates a block diagram of a mobile device comprising a display unit,

according to one embodiment.

[0019] Figure 2C illustrates a network architecture, in accordance with onec possible

embodiment.
100207 Figure 2 illustrates an exemplary system, in accordance with one embodiment.

[0021] Figure 3A iHustrates a collection viewer configured in a portrait ortentation, according 1o

one embodiment.

[0022] Figure 3B illustrates a collection viewer configured in a landscape orientation, according

to one embodiment.

[0023] Figure 3C illustrates one representative image in two different orientations as viewed by

a user with respect to a physical up direction, according to one embodiment.



WO 2018/075950 PCT/US2017/057704

[0024] Figure 3D illustrates one representative image in two different orientations with respect

to a physical display origin, according to onc embodiment.

[0025] Figure 3E depicts an animation sequence of frames for one representative image

transitioning between two different ortentations, according to one embodiment.

[0026] Figure 3F depicts a set of subpanels in a porirail orientation, in accordance with an

embodiment,

[0027] Figure 3G depicts a set of subpanels in a landscape orientation, in accordance with an

embodiment,

[0028] Figurc 4 illustrates a flow chart of a method for displaying subpanels for display, in

accordance with an embodiment.

{00297 Figure § illustrates a user interface flow applied to a subpanel, in accordance with an

embodiment.

[0030] Figure 6 illustrates a user interface flow for changing orientation of a plurality of

subpanels, according to one embodiment.

[0031] Figure 7 illustrates a user interface flow for selecting one of a plurality of subpanels to be

visible, according to one embodiment.

[0032] Figure 8 illustrates a user interface flow for a zoom operation performed on a subpanel,

according to one embodiment.

[0033] Figurc 9 illustrates a user interface flow for a subpanel comprising a photo montage,

according to one embodiment.

[0034] Figure 18 illustrates a user interface flow for alphabetically organized icons, according to

one embodiment.
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[8035] Embodiments of the present disclosure allow a mobile device to present a consistent
location of representative images regardiess of device orientation within a user interface (Ul A
collection viewer refers to a collection of software modules that generate a depiction of data
objects within a UlL Displayed Ul elements generated by the software modules may also be
referred to generally as a collection viewer. A collection viewer is configured to present
representative images of the data objects, such as file icons and image thumbnails to a user. A
collection viewer may comprise a file browser, an image browser, or any other type of data
object browser configured to depict data objects as representative images, When the user rotates
the mobile device, the collection viewer generates an in-place rotation animation for ecach
representative image. Keeping each representative image in substantiaily the same physical
screen location regardless of device orientation allows the user to visually track a given
representative image through device rotation, thereby providing a more efficient and intaitive
user experience. Animating rotation of the representative images to maintain proper viewing

orientation provides an intuitive visual cue, further improving the user experience,

[0036] In certain embodiments, a plurality of representative images may be organized into one
or more two-dimensional (2D) patterns, such as one or more grid patterns, for display. A given
grid pattern of representative images at a given zoom level (e.g. a default zoom level) may be
larger than a physical display screen being used to display the representative images. A view
panel may define a visible region of the onc or more grid patterns. For example, a set of
representative images may be organized into a grid pattern that is as wide as a physical display
screen for a mobile device in a porirait orientation and at a default zoom level; however, the grid
patiern may have a larger vertical extent in the portrait orientation than the physical display
screen can present at any one time. The view panel, which occupies at least a portion of the
physical display screen, defines a visible portion of the grid pattern. A user may scroll through
the set of representative images by scrolling up or down along the vertical extent of the grid
pattern. Continuing the above cxample, in a landscape orientation the larger vertical extent
associated with portrait ortentation becomes a larger horizontal extent, and the user may scroll

through the set of representative images by scrolling side to side. In both device orientations,



WO 2018/075950 PCT/US2017/057704

cach representative image ts displayed with the image up direction oriented to a physical up

direction.

(00371 A given grid pattern may be fully or partially populated with representative images. A
given grid pattern may conform to any spatial granularity for locating representative images. In
one embodiment, the spatial granularity generally corresponds to the size of a representative
image being displayed, so that cach represeniative image may snap to a position that does not
overlap with a different representative image. In another embodiment, the spatial granularity
may correspond to the size of a pixel or sub-pixel, so that representative images may be

positioned in arbitrary locations, including locations that cause representative images to overlap.

[0038] In certain other embodiments, one or more grid patterns may have a 2D extent that is
larger in two dimensions than the physical display screen. In such embodiments, the user may
scroll in two dimensions {e.g., vertical and horizontal) to bring different portions of the one or
more grid patterns and therefore different representative images into view within the view panel.
In one embodiment, when a given representative image is visible within the view panel, the user
may select the representative image and perform an action with respect to the representative

image {¢.g., execute, open, view, move relative to others, cte.).

(00397 In certain embodiments, the representative images are organized into subpanels, wherein
cach subpanel may include any number of representative images and/or grid patterns of
representative images. A given subpanel may include a reference coordinate and each
representative image posttioned within the subpanel 13 located at a 2D offset with respect to the
reference coordinate. The offset is preserved regardless of rotational orientation of a mobile
device. A given offset may be specified between the reference coordinate and a geometric
feature of a representative image. The geometric feature may be a corner, a centroid, a center of
rotation, and the like. When the device orientation changes {e.g., the user rolates the mobile
device between a portrait orientation and a landscape orientation), each subpanel may rotate to
irack the device orientation, and cach representative image within each subpanel may rotate
inversely o maintain a physically consistent image orientation for display. For example, a

mobile device may be configured to display a first subpanel that includes a first set of
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representative images and a second subpanel that includes a second set of representative images.
When the mobile device is rotated between a portrait orientation and a landscape oricntation,
each of the two subpanels follows the device orientation. In other words, a given subpanel
simply follows the device rotation by not altering the general outline displayed for the subpanel.
However, cach representative image may rotate in place to be displayed at a rotation angle that
generally compensates for device orientation changes, thereby maintaining an upright
appearance. In one embodiment, the rotation angle is quantized into ninety-degree sieps for
displaying representative images at rest {device orientation is not changing). In certain
embodiments, rotation between the ninety-degree steps is animated through a sequence of
animation frames using finer angular steps for a smooth appearance of rotation. In the context of
the present description, an animation frame includes an arbitrary number of rendered

representative images that are composited together for display as the animation frame.

[0040] In one embodiment, a first subpanel inclades a first set of representative images that are
visible within the view panel when the view panel is being displayed at a specific (¢.g., defauit)
zoom level and the first subpanel is selected for display. A sccond, adjacent subpanel may
include a second set of representative images that are visible within the view panel when the
second subpanel is selected for display. For example, a first subpanel may include icons located
within a home screen of a mobile device. A second subpanel may include icons located within
an adjacent screen. Furthermore, the user may perform a touch swipe gesture to scroll between

the first subpanel (home screen) and the second subpanel (adjacent screen), thereby selectin

o]

one of the two subpanels for display. When the user changes the device orientation {c.g.,
between portrait and landscape), representative images within each subpanel rotate to
compensate for the device rotation. Representative images that are visible within the view panel
may be rolated using a rotation animation over a sequence of animation {rames, Furthermore,
the rotation animation of each visible representative image may be synchronized so that the
representative images appear to rotate together, In one embodiment, the synchronized aspect of
the rotation animation of each visible representative image may include a threshold value (e.g.
rotation animation begins within a set number of milliscconds of a preceding rotation animation,

etc. ).

10
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[00411 In one embodiment, only a default zoom level is availed to the user. In another
embodiment, the user may vary the zoom level from the default zoom level, for example to
zoom in and/or zoom out. In one embodiment, a zoom level applied to a given subpanel is
applied only to the subpanel and when a user selects a different subpanel {¢.g., using a swipe
gesture) the zoom level is reset to a default zoom level. Farthermore, each time a given
subpanel is selected, the zoom level for the selected subpanel is reset to the default zoom level.
In an alternative embodiment, zoom level may be preserved for newly selected subpanels, For
example, if a user zooms in on a first subpanel, and subsequently selects a second subpanel, the
second subpanel is displayed at the zoom level set for the first subpanel. In one such
embodiment, the user may use a swipe gesture to pan around within a first zoomed-in subpanel,
and use the same swipe gesture to select an adjacent subpanel when the first subpanel is pan
position is at the edge of the device screen. In other embodiments, different gestures may be
used (¢.g., one touch versus two touch) used to pan versus select a different subpanel. In one
embodiment, zooming out is constrained to the default zoom level, thereby limiting how small a

representative image may be displayed and constraining the number of visible subpanels to one.

[0042] Figure 1A illustrates a method 108 for displaying two or more representative images
within one or more subpanels, according to onc cmbodiment. As shown, an adjacent
relationship s configured between a visible subpanel of the plurality of subpanels and at least
one not-visible subpanel of the plurality of subpanels. Sec operation 102, In the context of the
present description, the adjacent relationship includes a link, a loading of content, an analysis, a
pointer, an attachment, a grouping of elements, or any association between two or more interface
clements. By way of an example, a home screen (i.¢. visible subpanel) on a device may include
an ability to swipe right or left (i.e. along adjacent relationship) to a separate not-yet-visible

creen (.. not-visible subpanel).

w

[0043] Additionally, a visible subpanel includes any grouping of graphical control clements
which is actively displayed. For example, in one embodiment, actively displayed may include
displaying in real time content {¢.g. an application, a grouping of icons, a home screen, ¢tc.j on a
mobile device screen. Further, a non-visible subpanel includes any grouping of graphical coutrol

clements which is not actively displayed. For example, in one embodiment, not actively

11
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displayed may include content (¢.g. an application, a grouping of icons, a different home screen,
ctc.) but which are currently not shown on the mobile device screen (e.g. hidden or inactive user

interface clements).

[0044] Further, in the context of the present description, an adjacent relationship includes a first
subpane] arranged next to a second (or other) subpane! in a straight manner. In one embodiment,
an adjacent relationship may be a linear relationship. For example, if the first subpanel was
centered (hypothetically), the second subpanel may be arranged at any point surrounding the
first subpanel, and to swiich (e.g., select which s visible) from the first subpanel to & second
subpanel, a user input may be received comprising a touch swipe gesture in a straight motion
from the direction of the second subpanel, Of course, the second subpancl may be arranged in
any manner and made visible based on a lincar orientation between the first subpanel and the

second subpanel.

[00451 A second relationship is configured between cach of the two or more representative
images and an associated subpanel, wherein the second relationship defines a location on the
associated subpanel where each of the two or more representative images is displayed. The
sccond relationship may include an offset relative to a physical display location for cach
representative image when an enclosing subpanel is visible. The second relationship is
preserved through changes in device orientation. For example, a home screen (e.g. one of a
plurality of subpanels) may include icons, widgets, and/or any object that is displayed at a
specific location (i.e. second relationship) on the home screen. During a change in device
ortentation, the second relationship is preserved as a consequence of keeping cach representative
image in the same physical screen location (same offset) and rotating each representative image

in place.

[0046] Further, a notification is received indicating a new orientation for at least one of the
plurality of subpanels. See operation 166. In one embodiment, the notification indicates, at a
minimum, one of four orientations, where a first orientation is associated with a generally
upright portrait orientation, a second orientation is associated a clockwise rotation from the first

oricntation to a landscape orientation, a third orientation is associated with an upside down

12
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portrait orientation, and a fourth orientation is associated a counterclockwise rotation from the
first oricntation to a landscape orientation. In onc cmbodiment, cach of the four orientations
represents an approximation of a physical orientation of the mobile device to the nearest ninety
degrees. In other embodiments, the approximation of a physical orientation may comprise
angular increments of less than ninety degrees to provide a finer approximation granularity. In
certain embodiments, angular increments are substantially uniform, while in other embodiments,

angular increments are non-uniform,

100471 In addition, in response to the new orientation, the adjacent relationship 1s maintained,
and an in-place rotation animation is generated for the two or more representative images,
preserving the second relationship.  Sec operation 108, For example, in one embodiment, a
second screen may be found (non-visible) to the right of a visible home screen. Additionally, an
icon may be found at the top left of the corner of the home screen. After the home screen is
rotated from a portrait to a landscape orientation, the second screen may still be found (non-
visible} to the right of the visible home screen. Further, the icon (previously found at the top left
of the corner of the screen) may now be found on the bottom left corner of the screen (since the
top left corner rotating to the left would correspond with the bottom left corner, assaming the
screen 18 rotated in a counter clockwise manner) and rotated such that the object’s orientation
matches the orientation of the screen. In this manner, the adjacent relationship is maintained
regardless of the orientation of the device, and the icon's location {e.g. based on the second

relationship) 1s additionally maintained.

[0048] Figure 1B ilustrates a flow chart of a methed 109 for displaying a collection of
representative images, according to one embodiment. Although method 189 1s described in
conjunction with the systems of Figures 2A-2D, persons of ordinary skill in the art will
understand that any system that performs method 199 is within the scope and spirit of presently
disclosed embodiments. In one embodiment, a mobile device, such as mobile device 270 of
Figures 2A-2B, is configured to perform method 169. Method 109 may be performed by
executing a collection viewer, implemented as a softwarc module or collection of software

modules within the mobile device.

13
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[0049] Method 199 begins i step 118, where the collection viewer receives a notification
indicating that the mobile device has been repositioned into a new physical orientation. In one
embodiment, physical orientation may be determined from measurements performed by a sensor
device, such as one of sensor devices 242. For example, an accelerometer, comprising sensor
devices 242, may provide a physical measurement of a force vector corresponding to physical
forces on the mobile device. When mobile device is held generally still, such as when a user is
holding the mobile device, this measured force vector is generally aligned with a gravity force
vector. When the measured force vector is aligned vertically and pointing from the top of the
mobile device to the bottom of the mobile device, the mobile device is likely being held in an
upright portrait orientation. When the measured force vector is rotated by approximately ninety
degrees about a normal vector to display unit 212, the device is likely being held in a landscape
oricntation, and so forth, While approximating orientaiion is described herein based on a
measured force vector, other techniques of approximating orientation (physical orientation) may

be performed without departing the scope and spirit of presently disclosed embodiments.

[0050] Any technically feasible technique may be implermented for sending a notification to the
collection viewer. For example, the notification may comprise a message in an object message
passing system. In this example, an instance of the collection viewer is configured to receive a
new orientation message when the mobile device changes to a new oricntation. A software
module, such as a system service module, may be configured to approximate device orientation,
for example, by monitoring an accelerometer within sensor devices 242, The new orientation
message may specify a new orientation, or the new orientation message may specify that the
device is in a new orientation and trigger the collection viewer to determine the new orientation.
The new orientation message may indicate that the device has changed orientation beyond a
specified angular threshold, enabling the collection viewer to determine an orientation for
display, such as in embodiments that implement finer rotational granularity than ninety degree
granularity. The system service module may include a kernel process configured to monitor
hardware circuits comprising the sensor devices 242, an application programming interface
(APT) configured to respond to the kernel process, a process executing in application space that

is configured to mounitor sensor devices 242 and generale messages based on specified criteria,

14
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or any other technically feasible mechanism for providing orientation notifications to the

collection viewer.

[0051] In one cmbodiment, hysteresis is applied to an orientation approximation, so that a
change in physical orientation uneeds to surpass a cerfain rotational threshold to trigger
generation of the netification of a new orientation. In such an embodiment, the system services
module may apply hysteresis to physical orientation measurements so that a notification is
generated only after a specified orientation threshold is exceeded. In other embodiments, the
collection viewer may be configured to apply hysteresis to notifications, such as notifications for
changes of less than ninety degrees or, alternatively, less than an orientation change threshold

(e.g., 60 degrees),

[0052] In step 120, the collection viewer, or a helper function to the collection viewer, computes
a current animation state for a current animation sequence. A current animation sequence may
include a scroll animation, a rotation animation, a zoom animation, or a combination thereof
triggered by a physical change in device orientation. A given current animation sequence may
be initiated in response to receiving notification of an orientation change that is sufficient to
trigger a displayed change in orientation. In one embodiment, the current animation sequence
defines a sequence of frames, as discussed in greater detail below in Figure 3E. In one
embodiment, a given animation sequence (c.g. the current animation sequence) may be
completed before a subsequent animation sequence is initiated. The current animation state may
define any combination of a current zoom level, a current scroll position, and a current rotation
angle for a collection of representative images being animated in the current animation
sequence. The current animation state may determine which representative images are visible
within view panel 311, An animation sequence for in-place rotation of representative images
may be configured to include scroll animation concurrently with the rotation animation. In this
way, a user may initiate a scroll animation, physically rotate the mobile device, and observe
representative images rotating in their proper place given that they are also undergoing a scroll

animation.

15
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[0053] In step 130, the collection viewer, or a helper function to the collection viewer, identifics
representative images to render in a current animation frame. Any technically feasible technique
may be used to identify representative tmages to render. In one embodiment, only visible
representative images are identified to render in the current frame. In one embodiment, a visible
representative image includes geometry that intersects at least one pixel within view panel 311.
In another embodiment, visible representative tmages and at least one non-visible representative
image are identificd to render in a current animation frame, In one embodiment, when a
representative image is newly visible in a current animation frame (e.g. by scrolling or rotating
into view panel 311}, that representative image is instantiated for display and the instantiated
representative image instance is sent a message to render an associated representative image
according to the current animation state. Other representative image instances may be sent a
substantially similar message to render an associated representative image according to the
current animation state. In certain embodiments, a representative image instance that is no

longer visible is de-allocated at the completion of the animation sequence.

[0054] In step 140, the collection viewer, or a helper function {o the collection viewer, generates
and displays an animation frame comprising rendered representative images. In one
cmbodiment, the animation frame inchides one rendered representative mmage. In another
embodiment, the animation frame includes two or more rendered representative images. Each
rendered representative image includes a representative image that has been translated, rotated,
zoomed, or any combination thereof in accordance with the current animation state. FEach
generated animation frame may comprise an arbitrary number of different rendered
representative images that are composited together for display as the animation frame. In oune
embodiment, only visible rendered representative images are generated. In other embodiments,
one or more non-visible rendered representative images are also generated, For example, certain
representative images may be positioned just outside an edge of view panel 311, Various pixels
from these representative images may be visible in some animation frames during a rotation
animation but not visible in all animation frames of the rotation animation. For such scenarios,
detailed per-pixel visibility testing may be advantageously avoided by simply generating a

rendered representative image and allowing a compositing operation used to generate a given

16



WO 2018/075950 PCT/US2017/057704

animation frame to resolve which pixels, if any, are visible. At least a portion of cach rendered
representative image may be presented within view panel 311 during a display time for each
animation frame where the rendered representative image is at least partially visible. In one
embodiment, the gencrated animation frame is displayed on display unit 212 of Figure 2A. In
one embodiment, each animation {rame is rendered by a graphics processing unit (GPU) within

processor complex 218 of Figure 2B.

[0055] If, in step 150, the current animation frame is the last animation frame, then the method

terminates. Otherwise, the method proceeds back to step 126,

[0056] More illustrative information will now be set forth regarding various optional
architectures and uses in which the foregoing method may or may not be implemented, per the
desires of the user. It should be strongly noted that the following information is set forth for
illustrative purposes and should not be construed as limiting in any manner. Auny of the
following features may be optionally incorporated with or without the exclusion of other

features described.

[0057] Figure 2A illustrates a front view of a mobile device 276 comprising a display unit 212,
according to one embodiment. Display unit 212 is configured to display user interface (UD)
elements associated with software applications configured to execute on mobile device 278, The
UT elements may include representative images, such as file icons, digital images and/or digital
photos (or simply “images”), and image thumbnails. In one embodiment, an image thumbnail
melodes an image that depicts & digital stll photo, digital 1mage, digital video, an application, a
media object, and/or any other digital media item. A given representative image may have an

arbitrary shape and may include a cropped and/or scaled version of an image being depicted.

[0058] In one embodiment, the file icons may depict files, applications, and/or other digital
objects. The file icons may be displayed within a home screen view presented by an operating
system or by a launcher module, such as a file launcher application, A given file icon may be
associated with an application that is configured to execute when the icon is selected by a user,
such as by a touch input gesture. For example, a given file icon may be associated with one or

more data files that may be “opened”™ when the file icon is selected by the user, said selection
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causing an associated application {o be executed to open one or more of the data files for user
access. The user access may include, without limitation, reading, viewing, browsing, listening
to, and/or editing data associated with the one or more data files. A file icon may be positioned
for display relative to other file icons by a user, such as by selecting and dragging the icon into
position. Aliernatively, the file icon may be positioned according to an automalic sorting
system, such an alphabetical {c.g., by file name) sorting system. In one embodiment,
applications and/or data files are automatically organized scquentially in groups, with each
group containing file names {e.g., application names, data file names) that start with the same

letter, symbol, Unicode character, Unicode letter, or Unicode glyph.

[0059] In another embodiment, the Ul elements may include representative images, such as
preview images. Said representative images may include image thumbnails, video thumbnails,
and more generally representative depictions of data file content. The representative images
may be presented in a browser, such as a thumbnail browser or file browser. When the user
selects a representative image, such as by a touch gesture, the browser may open, display, or
otherwise play content associated with the represeniative image. In one embodiment, the

preview images may include a reduced resolution of a full frame image

[0060] In yet another embodiment, the Ul elements may include an image viewer. The image
viewer may be configured to display multiple images organized as a montage. Each of the
muitipie images may be displaved in various sizes and/or shapes. In one embodiment, the
montage may be organized along a chronological sequence or time line. The time line may
depict a story line having notes, metadata, and other content such as audio content, video
content, location information, hyperlink information, digital content asseciated with a geo-
location, digital content associated through proximity lo another mobile application, or any

combination thereof.

[0061] o certain embodiments, the Ul elements may include a zoom function, such as a zoom-
in function {e.g., operable from a pinch-out touch gesture) and zoom out function {c.g., operable
from a pinch-in touch gesture). For example, a user may perform a zoom gesture to zoom in on a

display region displaying a specific set of one or more representative images that may be of
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interest to the user. Should the user rotate mobile device 278, representative images being
displayed will rotate in place and continue to appear upright and in their original locations
relative to a physical display screen of mobile device 278, Furthermore, the display region will
continue to display the same sct of one or more representative tmages regardless of device
orientation. The presently disclosed operations for rotating represeutative images in place in
response to changes in device orientation provide dynamic and intuitive zoom operations,
wherein a user may use intuitive pinch to zoom gestures at any time or location when interacting

with the UL

[0062] In one embodiment, presently disclosed operations solve an issuc where systems
reposition icons and thumbnails on a device display screen in response to changes in device
orientation, said reposition operations thereby precluding useful pinch and zoom operations for
U1 subsystems configured to display icons and thumbnails. Additionally, presently disclosed
operations improve a scenario where users select a global icon display size (e.g., small, medium,
large) or a global display size for Ul elements, but such global settings do not give users
dynamic, intuitive control over how they browse icons and/or thumbuails, As such, the present
disclosed operations in one embodiment, seek to resolve the situation where a user is forced to
icave a current visual application context {¢.g., a thumbnail browser or a home screen) to change
a global setting to adjust icon or thumbnail size, after which the user needs to reestablish the
visual application context to perform additional opecrations. Additionally, the presently
disclosed operations, n one embodiment, may be used fo wumprove efficiency where
accomplishing a zoom operation may occur by changing a global icon or thumbnail size {which
may be inefficient when compared to technigques disclosed herein for directly performing zoom
operations {e.g., zoom gesture)). The techniques disclosed herein advantageously provide for
greater efficiency by creating a consistent view of various representative images and/or other Ul
elements regardless of zoom level and device orientation. This greater efficiency may improve
power consumption for mobile device 278 because fewer operations and less operating time are

needed to accomplish the same user goal or goals.

[0063] Figure 2B illustrates a block diagram of mobile device 27#), according to one

embodiment. Mobile device 278 includes a processor complex 216 coupled to display unit 212.
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Mobile device 270 may also include, without limitation, a digital camera 230, a strobe unit 236,
a set of input/output devices 214, non-volatile memory 216, volatile memory 218, a wircless unit
240, and sensor devices 242, cach coupled to processor complex 210, In one embodiment, a
power management subsystem 228 is configured to gencrate appropriate power supply voltages
for each electrical load element within mobile device 270, and a batiery 222 is configured to
supply electrical energy to power management subsystem 228¢. Battery 222 may implement any
technically  feasible  battery, inclading primary or rechargeable battery iechnologies.
Alternatively, battery 222 may be implemented as a fuel cell, or high capacity electrical

capacitor.

[0064] In one usage scenario, strobe illumination 237 comprises at least a portion of overall
iHlumination in a scene being photographed by digital camera 238. Optical scene information
239, which may include strobe illumination 237 reflected from objects in the scene, is focused
onto an image sensor 232 as an optical image. Image sensor 232, within digital camera 238,
generates an electronic representation of the optical image. The electronic representation
comprises spatial color intensity information, which may include different color intensity

samples for red, green, and blue light.

[0065] Display unit 212 is configured to display a two-dimensional array of pixels to form a
digital image for visual display. Display unit 212 may comprise a liquid-crystal display, an
organic LED display, or any other technically feasible type of display. Input/output devices 214
may include, without limitation, a capacitive touch input surface, a resistive tablet input surface,
buttons, knobs, or any other technically feasible device for receiving user input and converting
the input to electrical signals. In one embodiment, display unit 212 and a capacttive touch input
surface comprise a touch entry display system, and input/output devices 214 comprise a speaker

and microphone.

[0066] Non-volatile (NV) memory 216 is configured to store data when power is interrupted.
The NV memory 216 thercfore implements a non-transitory computer-readable medium. In one
embodiment, NV memory 286 comprises one or more {lash memory devices. NV memory 216

may be configured to include programming instructions for execution by one or more processing
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units within processor complex 216, The programming instructions may include, without
limitation, an operating system (OS), user interface (Ul) modules, imaging processing and
storage modules, and modules implementing one or more embodiments of techniques taught
herein.  In particular, the NV memory 216 may be configured to store instructions that
implement roethod 109 of Figure 1. The instractions, when executed by processing units within
processor complex 218, cause the processing units to perform method 169, One or more
memory devices comprising NV memory 216 may be packaged as a module that can be installed
or removed by a user. In one embodiment, volatile memory 218 comprises dynamic random
access memory (DRAM) configured to temporarily store programming instructions, image data,
and the like needed during the course of normal operation of mobile device 278. Sensor devices
242 include sensors configured to detect at least device orientation of the mobile device 276.
For example, sensor devices 242 may include an accelerometer to detect motion and orientation,
an electronic gyroscope to detect motion and orientation, or a combination thercof. Sensor
devices 242 may also incluode, without limitation, a magnetic flux detector to detect orientation,
a global positioning system (GPS) module to detect geographic position, or any combination

thercofl,

[0067] Wireless unit 248 may include one or more digital radios configured to send and receive
digital data. In particular, wireless unit 246 may implement wireless standards known in the art
as “WiFi” based on institute for clectrical and electronics engineers (IEEE) standard 802.11, and
may implement digital cellular telephony standards for data communication such as the well-

81

known “3G” and long term evolution (“LTE”), or “4G” or “5G" suites of standards. In one
embodiment, mobile device 270 is configured to transmit one or more digital photographs
residing within either NV memory 216 or volatile memory 218 to an online photographic media
service via wircless unit 240, In such an embodiment, a user may possess credentials to access
the online photographic media service and to transmit the one or more digital photographs for
storage and presentation by the online photographic media service. The credentials may be
stored or gencrated within mobile device 270 prior to transmission of the digital photographs.
The online photographic media service may comprisc a social networking service, photograph

sharing service, or any other web-based service that provides siorage and download of digital
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photographs. In certain embodiments, mobile device 270 ts configured to receive one or more
incoming digital photographs via wireless unit 24@, and store the incoming digital photographs
in the NV memory 216, or the volatile memory 218, or a combination thercof. In one
embodiment, mobile device 278 is configured to receive and render a web page through a
browser application, which is configured to perform, without limitation, at least one of the
methods 106, 189, and 480 to provide a spatially consistent depiction of content by rotating
representative images associated with the web content in place. More generally, any of the
techniques disclosed herein may be implemented within any browser function, including a
thumbnatl browser, an image browser and/or montage browser, a file browser, and web browser.
Further, any of the techniques disclosed herein may be implemented within any collection

viewer (which may also comprise a browser function, ctc.).

[0068] Figure 2 illustrates a network architecture 288, in accordance with one possible
embodiment. As shown, at least one network 282 is provided. In the context of the present
network architecture 280, the network 282 may take any form including, but not limited to a
ielecommunications network, a local area network {LAN), a wircless network, a wide arca
network {(WAN) such as the Internet, peer-to-peer network, cable network, etc. While only one
network s shown, it should be undersiood that two or more similar or different networks 282

may be provided.

[0069] Coupled to the network 282 is a plurality of devices. For example, a server computer
1612 and an end user computer 285 may be coupled to the network 282 for communication
purposes, Such end user computer 285 may include a desktop computer, lap-top computer,
and/or any other type of logic. Still vet, various other devices may be coupled to the network
282 including a personal digital assistant (PDA) device 286, a mobile phone device 284, a
television 283, etc. In one embodiment, mobile phone device 284 may comprise a smartphone,
configured to mmplement one or more features of mobile device 276, In another embodiment,

PDA 286 is configured to implement one or more features of mobile device 276.

(00707 In one embodiment, a data server 287 is coupled to various devices through network 282,

The devices may include one or more of television 283, mobile telephone 284, end user
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computer 285, and PDA 286. Data server 287 may provide, without limitation, cloud storage,

cloud data scrvices, and/or web page presentation of data to the devices,

[0071] Figure 2D illustrates an exemplary system 296, in accordance with one embodiment. As
aun option, the system 298¢ may be implemented in the context of any of the devices of the
network architecture 298 of Figure 2C. Of course, the system 290 may be implemented in any

desired environment,

[0072] As shown, a system 290 is provided including at least one ceniral processor 282 which is
connected to a communication bus 2%7. The system 298¢ also inchudes main memory 293 {e.g.
random access memory {(RAM), etc.]. The system 298 also includes a graphics processor 295

and a display 296.

[0073] The system 290 may also include a secondary storage 294, The secondary storage 294
includes, for example, a hard disk drive and/or a removable storage drive, representing a floppy
disk drive, a magnetic tape drive, a compact disk drive, etc. The removable storage drive reads

from and/or writes to a removable storage unit in a well known manner.

[0074] Computer programs, or computer control logic algorithms, may be stored in the main
memory 293, the secondary storage 294, and/or any other memory, for that matter. Such
computer programs, when executed, enable the system 298 to perform various functions (as set
forth above, for example), Main memory 293, sccondary storage 294 and/or any other storage

are possible examples of non-transitory computer-readable media.

100751 Figure 3A illustrates a collection viewer 318 configured in a portrait orientation,
according to one embodiment.. As shown, collection viewer 318 is aligned in orientation with
that of a mobile device, such as mobile device 279, so that when the mobile device is in a
portrait orientation collection viewer 319 is also in a portrait orientation, and when the mobile
device 1s in a landscape orientation collection viewer 318 is also in a landscape orientation. Asa
consequence, a given dimension of a display screen included in the mobile device may always
correspond with an associated dimension of collection viewer 318 being displayed on the

display screen. In certain embodiments, the display screen may be sized as a non-square
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rectangle and a larger dimension of the display screen may correspond with a larger dimension
of coliection viewer 310. In another embodiment, the collection viewer 310 may be aligned
independent of the orientation of the mobile device 278, For example, the collection viewer
may change orientation based on a manual input {e.g. from a user, etc.), a sensor input (¢.g.

accelerometer, gyroscope, etc.), etc,

(00761 A physical display origin 312 may be disposed, for example, in an upper left corner, and
a scroll axis 314 may be aligned along a larger dimension of the display screen, so that scroll
axis 314 1s aligned vertically when collection viewer 316 is in a portrait orientation as shown.
That is, the scroll axis 314 is generally aligned with respect to a physical “up” direction 316
when collection viewer 310 is in a portrait orientation. While physical display origin 312 is
shown n the upper left corner, any technically suitable physical location (e.g., any of the other
three corners) may serve as a physical display origin. A second scrofl axis 315 may be
orthogonal to scroll axis 314, In this way, scroll axis 315 may be aligned horizontally when
collection viewer 310 is in a portrait orientation as shown. Scroll axis 314 and scroll axis 315
each provide a reference axis for performing gesture-based cormmands. Such commands may
include, without limitation, touch-based gestures, such as touch to select, swipe to scroll/pan,

and pinch to zoom gestures.

[0077] In one cmbodiment, collection viewer 310 allows a user to scroll a collection of
representative images 326, along scroll axis 314 in response to an input scroll command. The
collection of representative images 320 may be organized in a grid, with a portion of the
representative images 328 visible within a view panel 311, A swipe gesture performed ou a
capacitive input device within display unit 212 may serve as the input scroll command. In one
embodiment, view panel 311 is configured to have a rectangular form, including a larger
dimension and a smaller dimension. In such an embodiment, the term “portrait orientation”
refers to an orientation for view panel 311 with the larger dimension generally oriented along the
up direction 316. The term “landscape orientation” refers to an orientation for view panel 311
with the smaller dimension generally oriented along the up direction 316. In other
embodiments, view panel 311 may be square. o such embodiments, “porirait orientation” and

“landscape orientation” comprise arbitrary but orthogonal orientations of view panel 311.
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[0078] In one embodiment, a user may scroll representative images 320 only along scroll axis
314, In another embodiment, the user may scroll representative images 320 only along scroll
axis 3158, In yet another embodiment, the user may scroll representative images 328 along both
scroll axis 314 and scroll axis 315. In embodiments that provide scrolling along both along
scroll axis 314 and scroll axis 315, representative images may be organized along a contiguous

2D surface, or organized as a set of subpanels, illustrated in greater detail below.

[0079] While collection viewer 319 is illustrated here as a Ul element having a view panel 311,
the term “collection viewer” 1s defined broadly herein to include a software module configured

to generate the Ul clement and display representative images 328 within view panef 311.

[0080] When a user rotates mobile device 270 into a new position, the collection viewer may
reconfigure presentation of representative images 328 by causing the representative images 320
to rotate to an angle consistent with the new position. For example, the user may initially hold
mobile device 270 in a portrait orientation. The user may then rotate mobile device 276 into a
landscape orientation. In this example, mobile device 278 may detect a sufficient change in
orientation angle and cause collection viewer 318 to transition from a portrait orientation to a
landscape orientation, ilustrated below in Figure 3B.  Detecting a sufficient change in
ortentation angle may include a hysteresis function applied to device orientation. In the present
context, a hysteresis function may be defined to be a threshold function with an output
orientation state that depends on both a current input orientation angle and a current output
orientation. In various embodiments, the output orientation state may change after the current
inpul orientation angle changes by more than hysteresis threshold. Thus, detecting device
orientation with a hysteresis function may exhibit the property of reguiring an orientation angle
to overcome a hysteresis threshold as a condition for detecting an orientation change from
portrait orientation to landscape orientation, or vice versa. For example, if the hysteresis
threshold 1s defined to be forty-five degrees and the current orientation is a portrait orientation,
then the current orientation angle may need to rotate clockwise by at least forty-five degrees
{(from vertical, the current output orientation) for the hysteresis function to report an orientation
change in the clockwise direction, such as to detect an orientation change from porirait to

landscape in the clockwise direction. Once the device is deemed to be in landscape orientation
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{current output oricntation s¢ to landscape), the current orientation angle needs to rotate
counterclockwise by at least forty-five degrees towards vertical for the hysteresis function to
then report an orientation in the counterclockwise direction (to portrait orientation). In other
embodiments, different orientations may be implemented according to arbitrary angles having
finer granularity than, for example, orthogonal angles. Detecting a sufficient change may
include detecting angular changes in device orientation consistent with the angular granularity.
Furthermore, any other technically feasible technigues may be implemented for detecting device

orientation without departing the scope and spirit of the present disclosure.

[0081] Figure 3B illustrates collection viewer 318 configured in a landscape orientation,
according to one embodiment. This configuration of a Iandscape orientation may be the result
of rotating a mobile device counterclockwise by ninety degrees (clockwise by two-hundred
seventy decrees) from the portrait orientation itlustrated previously in Figure 3A. As shown, the
physical display origin 312 is disposed in a lower left corner, and scroll axis 314 is aligned
horizontally, In this landscape configuration, scroll axis 315 is aligned vertically along physical
“up” direction 316, Of course, in other embodiments, the physical display origin 312 may bhe
disposed in another predetermined corner (e.g. bottom right, bottom left, top right, top left, ete.)

or 1n another predetermined position {¢.g. axis point, rotation point, ¢tc.).

[0082] In a typical usage scenario, a user holds their head in a physically upright position, and
therefore prefers to view representative images 320 rendered according to the physical up
direction 316. As shown, representative images 328 are rotated to be viewed in an orientation
consistent with the up direction 316. In one embodiment, representative images 320 are rotated
in place when device orientation is changed between portrait and landscape orientation. In one
embodiment, rotation in place comprises performing an animation, such as a rotation animation,
fade animation, or other transition animation, for each representative image 320. In one
embodiment, animation for all representative tmages 328 is performed substantially
synchronously, so that all displayed representative image 320 appear to move together. By
rotating representative images 320 in place, collection viewer 319 is able to present a physical
metaphor of the representative images 326 that is consistent with a physical device rotation. For

example, the relative position of representative image 320¢0,0) to the physical origin 332 is

26



WO 2018/075950 PCT/US2017/057704

maintained regardless of changes in device orientation. Similarly, other representative images
320 maintain respective relative positions relative to physical origin 312, and thercfore relative
positions to each other. When a user rotates the mobile device between portrait and landscape
orientations, cach representative image 320 remains visually in place relative to physical origin
312, thereby preserving the Ul metaphor of a data object (app, data file, etc) being represented
as a representative image {(e.g., an icon). By contrast, prior art systems typically rearrange
thumbnails, ieading to user confusion and breaking any perceived consistency with physical

device rotation.

[0083] Figure 3C illustrates representative image 326(6,8) of Figure 3A in two different
orientations as viewed by a user, according to one cmbodiment. A portrait to landscape
transform 338 is implemented to animate a clockwise rotation of representative image 326(6,8)
from a portrait orientation to a landscape orientation. Additional transforms may be similarly
implemented to animate transilions between each different discrete rotation position, Here,
representative image 320(0,8} is rotated ninety degrees in a clockwise direction to compensate
for a ninety degree counter~clockwise rotation of a mobile device, Note that representative
image 320(0) remains at a fixed offset with respect to physical display origin 312. As shown,
representative image 328(0,8) 1s rotated to be viewable in a gencrally upright orientation
regardless of orientation of the mobile device, while preserving a fixed offset with respect to
physical display origin 312. In other embodiments, finer-grain discrete rotation positions may

be siuilarty implemented.

[0084] Figure 3D illusirates representative image 320(6,0) in two different orientations with
respect to the physical display origin 312 of Figure 3A, according to one embodiment, As
described above, portrait to landscape transform 330 implements a rotation of representative
image 320¢0.,0). As shown, representative image 320(0,8) is rotated to compensate for mobile

device rotation, while preserving a fixed offset relative to physical display origin 312,

[0085] Figure 3E depicts an animation sequence 340 of frames 360 for one representative image
342 transitioning between two different orientations, according to one embodiment. As shown,

representative image 342 is rotated in sequential frames 368(N} to 360(N+4) to gencrate a
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rotation animation of representative image 342. The rotation animation depicts a rotational
movement of the representative tmage 342 from an initial position at time T8, to a new position
at time T4. In this example, a user rotates a mobile device {¢.g. mobile device 278} counter-
clockwise from a portrait orientation to a landscape orientation between time T and time T1,
thereby triggering a clockwise animation of representative image 342, In the process, a new
physical up direction is established. A new up direction 352 consequently replaces an old up
direction 380, The animation sequence depicts rotational movement of representative image 342
to generally negate the physical rotation of mobile device. In one embodiment the animation
sequence is timed independently of physical rotation once a rotation event is detected.
Furthermore, in certain embodiments the rotation animation may be triggered only after a
hysteresis threshold for rotation has been met. In other embodiments, the animation sequence is
timed to substantially track physical rolation once a rotation event is detected, In certain
embodiments, a rotation cvent comprises detecting a rotational change larger than a
predetermined angle in at least one of three orthogonal (e.g. 90 degree, etc.) angles, or a
rotational change larger than a predetermined angle for a normal vector from the mobile device
display screen. While detecting an orientation change is described generally hercin, any
technically feasible technigue for detecting a transition between portrait orientation and
landscape orientation may be implemented without departing the scope and spirit of the

presently disclosed embodiments,

00861 Represeniative umage 342 may be rendered in each rotational position associated with
each incremental frame 366¢. Although three intermediate frames 36G(N+1), 36G(N+2), and
366{N+3) are shown, animation sequence 348 may include an arbitrary number of intermediate
frames. In one embodiment, animation sequence 34@ is initiated and completed during a time
span of less than one second, but more than fen milliseconds. In certain implementations, a
duration for animation sequence 348 may be configured to be an integral multiple of a number
of frame times needed to display intermediate frames as video refresh frames on a display screen
(e.g., display umt 212 of Figures 2A and 2B) included in the mobile device. In one
embodiment, cach representative image being displayed within view panel 311 is animated

substantially synchronously, so that ecach animation step for each representative image is
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completed together, For example, antmation {rame 360(N+1) may be rendered and displayed at
or before time T2 for cach representative image 328 of Figure 3A. In other embodiments, looser
synchronization may be implemented, so that cach representative image 220 completes a
respective animation sequence within a specified maximum number frame times, such as less
than five frame times, or less than sixty frame times. In certain embodiments, an animation
sequence models certain physical behaviors or properties, such as momentum, oscillation,
friction, and the like. For example, an animation sequence may depict the representative images
overshooting their rotation and springing back into proper position. An arbitrary rotation
function may be applied with respect to time to provide these kinematic cffects (and others) to

the animation sequence.

(80871 In alternative embodiments, transition effects other than a rotation animation may be
implemented. For example, one alternative transition effect is an alpha fade animation between
representative image 342 depicted in frame 360(8) and representative image 342 depicted in
frame 360(N+4}. Another alternative transition effect animates representative image 342
depicted in frame 360(0) collapsing to a dot and re~emerging as represeniative umage 342
depicted in frame 3606{(N+4). These and other in-place transition effects may be implemented

without departing the scope and spirit of the presently disclosed embodiments,

[0088] In one embodiment, frames 366 are rendered by a graphics processing unit (GPU) within
processor complex 216 of Figure ZB. Furthermore, each representative umage within a given
view panel may be rendered individually by the GPU at a current animation angle (given by a
current aunimation state). The individually rendered represemiative images wmay then be
composited together by the GPU to form one frame (e.g., video frame) for display. Each frame
360 may be similarly generated following the steps of rendering each representative image at a
current animation angle, followed by compositing the rendered representative images together to

form one frame for display,

[0089] While the technigues disclosed herein are described in conjunction with a mobile device,
persons skilled in the art will recognize that any compute platform may be configured to perform

these techniques.
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[0090] Figure 3F depicts a set of subpanels 370 in a portrait orientation, in accordance with an
embodiment. As shown, the subpanels 370 are arranged in a fixed relationship to each other.
The fixed arrangement shown here positions subpanel 376(8) to the left of subpanel 376(1) and
subpanel 376{¢) below subpanel 378(2). Furthermore, subpanel 376(¢) is positioned in the

botiom left corner and subpanel 378(3) is positioned in the upper right comer.

(03917 In one embodiment, view panel 311 comprises a Ul element displayed within a portion
of the display screen of the mobile device. View panel 311 may be generated by a collection
viewer. A physical display origin 312 is shown located at the upper left corner of the display
screen.  In other embodiments, the physical display origin may be disposed in a different
location of the display screen. As shown, subpanel 376(0) is currently visible within the view
panel 311. A user may provide a command, such as a swipe gestare, to move the subpanels
relative to view panel 311 to select a different subpanel 378 to be visible. For example, the user
may provide a left swipe gesture to select subpanel 376(1) to be visible. In this way, the
collection viewer may provide a metaphorical representation of the subpanels, where the

subpanels are depicied as physical objects that may be moved using swipe gestures.

[0092] As shown, cach subpancl 370 includes a local origin 372, A local origin 372 defines an
origin for a local coordinate system within a given subpanel 378. When a given subpanel 378
rotates relative to the up direction 316 (c.g., as illustrated in Figure 3G), representative images
374 within the subpanel may substantially maintain their offset position relative to the local
origin 372. A local origin 372 associated with a subpanel 376 that is visible within view panel
311 may follow physical display origin 312 as orientation changes. However, a different local
origin 372 for a non-visible subpanel 378 will follow the rotation of the non-visible subpanel
376, as illustrated in Figure 3G. Each local origin 372 is shown in the upper left comer of a
respective subpanel; however, a local origin may be positioned in any technically feasible
location relative to the geometry of an associated subpanel. Each subpanel may include a set of
representative images 374 disposed at respective, fixed offsets relative to a corresponding local
origin 372. For cxample, a set of representative images 374(0) includes individual

representative images each located at a fixed offset relative to local origin 372{(6).
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[0093] In one embodiment, a swipe gesture to the left may cause subpanel 376¢(0) to pan to the
left. For example, a pan animation may be triggered that depicts subpanels 378(8) and 37041)
panning to the left along scroll axis 315, bringing subpanel 3781} into visibility for display
within view panel 311, Simtlarly, a downward swipe gesture may cause subpanel 378(8) to pan
down along scroll axis 314, and bringing subpanel 370(2) into visibility for display within view
panel 311. Each pan animation may be implemented as a sequence of animation frames that
depict incremental panning state. The panning animation may track a user finger position and
the panning animation may exhibit momentum, for example if the user finger breaks contact

with the display screen.

[0094] Panning between subpanels may cause certain representative images to become newly
visible within view panel 311. Fach of the newly visible representative images should be in a
rotational position that is consistent with currently visible representative images. Furthermore, a
pan animation may be partially complete when a rotation animation is triggered, causing the pan
animation to operate concurrently with the rotation animation. Similarly, a rotation animation
may be partially complete when a pan animation is triggered, causing the rotation animation {o

operate concurrently with the pan animation.

[0095] In one embodiment, animation state comprises rotation state and pan state and each
animation frame within a sequence of frames are rendered according to at least the animation
state. In certain embodiments, animation state further includes a zoom level and each animation

frame may be rendered to further inchude the zoom level.

[0096] Figure 3G depicts a set of subpanels 37¢ in a landscape orientation, in accordance with
an embodiment. As shown, the fixed relationship of each subpanel 376 is preserved, so that
subpanel 376{0) is still to the left of subpanel 370(1), subpanel 378(8) is still below subpanel
376(2), subpanel 370(8) is still in the bottom lefi corner, and subpanel 378(3) is still in the upper
right corner. Furthermore, each fixed offset between cach local origin 372 and each individual
representative image within a given subpanel 37¢ is preserved. For example, fixed offsets
between local origin 372(8) and individual representative images within the set of representative

images 374(6) arc preserved over transitions between portrait orientation and landscape
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ortentation. Each representative image is rotated in place (¢.g., through a sequence of animation
frames), to maintain an upright appearance for display. In onc embodiment, any transition
between portrait orientation and landscape orientation triggers an animation sequence that

causcs each representative image to rotate into an upright appearance for display.

[0097] In one embodiment, a swipe gesture to the left may cause subpanel 378(8) to pan to the
left. For example, a pan animation may be triggered that depicis sabpaneis 370(8) and 378¢1)
panning to the left along scroll axis 314, bringing subpanel 376(1) into visibility for display
within view panel 311, Similarly, a downward swipe gesture may cause subpanel 376(#) to pan
down along scroll axis 315, and bringing subpancel 370(2) into visibility for display within view
panel 311, The relative position of each subpanel is preserved regardless of orientation and pan
position. Furthermore, the offset position of each representative image within each sabpanel

376 is preserved relative to a local origin 372 for a containing subpanel.

[0098] Figure 4 tllustrates a flow chart of a method 406 for displaying subpanels for display, in
accordance with an embodiment. As an option, the method 400 may be implemented in the
context of any one or more of the embodiments set forth in any previous and/or subsequent
figure(s) and/or description thereof. For example, method 466 may apply in the context of the
adjacent relationship of operation 182 of Figure 1A, Of course, however, method 406 may be
implemented in the context of any desired environment. Further, the aforementioned definitions
may equally apply to the description below. In one embodiment, the method s performed by a

mobile device, such as mobile device 278 of Figure 2B.

[0099] As shown, each subpanel in a plurality of subpanels is configured to be logically adjacent
to another subpanel within the plurality of subpancls. Sec operation 402. Each logically
adjacent relationship between subpanels may reflect previously established positions for each
subpanel.  In one embodiment, subpancls are organized in a lincar relationship so that the
subpanels form a line of side-to-side panels. In another embodiment, subpanels may be
organized into a linear relationship so that the subpanels form a line of top-to-bottom panels. In
still another embodiment, cach subpanel may be adjacent to different subpanel at one or more

edges, so that a side-to-side linear relationship may exist between a first subpanel and a second
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subpanel; and, a top-to-bottom linear relationship may exist between the first subpanel and a
third subpancl. In this way, the subpancls may form a completely or partially populated grid
pattern, with each subpanel configured to include an arbitrary number of representative images
(e.g., icons or thumbnails). In still yet another embodiment, a set of subpanels may form a line
of subpanels, and each subpanel within the line may be part of an arbitrary line of different, non-
intersecting subpanels. In such an embodiment a user may scroll side-to-side to select a
subpanel, scroll up or down to select another subpanel, and then scroll side-to-side again within
a different, non-intersecting space. In this way, 3 user may browse through a structure that is
topologically equivalent to an arbitrary tree with arbitrary branches. Such an arrangement of

subpaneis may mirror an arbitrary directory structure,

[63100] Next, at feast one selected (2.g., selected to be visible) subpanel of the plurality of
subpanels is displayed in an initial configuration. Sec operation 404, As discussed before, a
iinear relationship may include a first subpauvel being arranged next to a second (or other)
subpanel] in an adjacent manner. For example, if a first subpanel was centered (hypothetically),
the second subpancl may be arranged at any point surrounding the (irst subpanel, and to swiich
from the first subpanel to a second subpanel (select the second subpanel), a user input may be
received where a touch gesture indicates a straight motion from the direction of the second
subpanel. Of course, the sccond subpanel may be arranged in any manner and made visible
based on the lincar relationship between the first subpanel and the second subpanel. Adjacent

subpanels may optionally be aligned and positioned and aligned along a grid.

[00101] In decision 406, it is determined whether one of a set of specific forms of user
input 18 recetved. In particular, it is determined whether a user input comprising an orientation
change (e.g., mobile device is rotated between landscape and portrait orientation), subpanel
selection command {ec.g., a sufficiently long swipe gesture), scroll command (c.g., a shorter
swipe gesture), or zoom command (¢.g., a pinch gesture) is received,  If it is determined that the

specific form of user input is received, the method proceeds to decision 448.

In decision 408, it is determined whether the user input indicates a new orientation for the

mobile device. Determining whether a new orientation is indicated for the mobile device may
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be performed according to the techniques described herein or using any technically appropriate
technigue. For example, in one embodiment, the orientation of a visible {e.g., sclected) subpancl
may change in response to at least one of the following: change in orientation of the display,
change in orientation of the device, a change in orientation detected by sensors {(¢.g. gyroscope,
accelerometer), eic. Additionally, if an orientation has changed, then such may be the basis for
the notification per operation 196 of Figure 1A, If it is determined that a new orientation is
indicated, the method proceeds to operation 410, Otherwise, the method proceeds to decision
412

[60102] Per operation 419, the mobile device generates and displays a plurality of
animation frames for a detected transition to a new orientation. Each animation frame of the
plurality of animation frames may include a plurality of individually rendered representative
images composited together to form the animation frarwe. Each representative image may be
rendered to animate a rotation operation for the representative image. A collection of
representative images, including all visible representative images, may be rendered substantially
synchronously {e.g. within milliseconds of each other, etc.) so that the collection of
representative images appears to rotate together. Animation state for a given representative
image may include rotation angle. The animation state may further include a scroll position, so
that a rotation animation may be combined with a scroll (pan) animation. Such a combination
may provide a more realistic physical metaphor through in-place rotation and panning with
momentum. The animation state may still further include a zoom level, allowing a user to zoom
in, rotate their device, and scroll through a zoomed region while preserving the physical
metaphor of representative images as objects. In various embodiments, the rotation animation is

performed according to the technigues described in Figures 1B, 3A-3G, 5,6, 8, and 8.

[00103] In decision 412, it is determined whether the user input is a new subpanel
selection command. If the user tnput is a new subpanel selection command the method proceeds

to operation 414. Otherwise, the method proceeds to operation 416,

[00104] In operation 414, an animation comprising animation frames is generated and
displayed indicating a new subpanel selection. For example, the animation may depict a first

subpanel panning off screen and a newly selected subpanel panning into view for display. The
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animation may frack a user swipe gesture so that the panning animation appears to follow a

user’s finger tip. This operation is illustrated in Figure 7.

[00105] In operation 416, an animation comprising animation frames is generated and
displayed to depict a panning or zooming operation within a subpanel. A zooming operation

foliowed by a rotation operation is illustrated in Figure 8.

[06106] if the orientation has not changed per decision 406, or after operation 410
completes or after operation 414 completes or after operation 416 completes, the method

proceeds back to decision 406.

[0G107] Figure 8§ illustrates a user interface flow 300 applied to a subpanel 529, in
accordance with an embodiment. As shown, subpanel 520 is a visible subpanel. Other subpancls
(not shown)} may exist in logically adjacent positions to subpanel 526. As an option, the user
interface flow 560 may be implemented in the context of any one or more of the embodiments
set forth in any previous and/or subsequent figure(s) and/or description thereof, For example,
the user interface flow 508 may apply in the context of the adjacent relationship of operation 102
of Figure 1, and/or the changing the orientation per decision 408 of Figure 4. Of course,
however, the user interface flow 306 may be implemented in the countext of any desired
environment., Further, the aforementioned definitions may cqually apply to the description

below,

[00108] As shown, user interface flow 808 includes a {irst set of icons within the subpanel
520 in a first orientation 562. A first change in orientation 564 of a mobile device (e.g., the user
rotates the mobile device) may cause the first set of icons to be displayed in a second orientation
5¢6. After the change in orientation 8€4, and afier the icons are displayed in a second
orientation 306, due to physical rotation of the mobile device, an animation sequence (e.g. of
video frames) for the first set of icons commences such that the icons rotate to a third orientation
588 to match the onentation of the mobhile device. Of course, in an alternative embodiment, the
third orientation 508 may be displayed immediately after concluding the change in orientation
564. In onc embodiment, the third orientation 508 may match the first orientation 502 for cach

icon.
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[00109] Additionally, in response to a second change in orientation 518, the icons are
displayed in a fourth orientation 512, after which an animation sequence for the first set of icons

commences such that the icons rotate back to the first orientation 502,

[00110] In this manner, the icons may be rotated to maich the rotation of the display.
Additionally, rather than re-organizing all such icons on the screen, the icons retain the same
location on the device and stioply rotate in place at the conclusion of the change in orientation of

the device.

[60111] A user interface associated with user interface flow 308 may include an
information bar 550. Information bar 550 may be configured to display information such as, and
without limitation, wireless signal strength, time of day, and battery charge state. In one
embodiment, information bar 550 is configured to be displayed on a top horizontal edge of a
mobile device display screen as shown., Information bar 85¢ may be moved from a previously
horizontal edge to a newly horizontal edge at any point during or after a change in orientation
(c.g., during change in orientation 304, 51¢). The moving may be implemented using any
technique without departing embodiments of the present disclosure. For example, information
bar 550 may fadc from a previously horizontal edge and materialize at a newly horizontal edge.
in another example, information bar 350 may be depicted as sliding from a previously horizontal
edge to a newly horizontal edge over a sequence of animation frames. In other embodiments,
information bar 586 remains on a fixed edge of the display screen regardless of ortentation (see

example in Figure 18).

[00112] Figure 6 illustrates a user interface flow 60¢ for changing orientation of a
plurality of subpanels, according to one embodiment. As an option, the user interface flow 680
may be implemented in the context of any one or more of the embodiments set forth in any
previous and/or subsequent figure(s) and/or description thercof, For example, the user interface
flow 600 may apply in the context of the adjacent relationship of operation 102 of Figure 1A,
the changing the orientation per decision 408 of Figure 4, and the animation sequence 580 of

Figure 8. Of course, however, the user interface flow 608 may be implemented in the context of
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any desired environment., Further, the aforementioned definitions may equally apply to the

description below.

[00113] As shown, a mobile device may include a first subpanel 682 in a first orientation
612 as well as a sccond subpanel 664 and a third subpanel 606. Additionally, a linear orientation
608 (per the adjacent relationship of operation 102) is in a left-to-right orientation between
subpanels 662-606. In other words, subpanel 604 is adjacent to subpanel 602, and subpanel 602
is adjacent to subpanel 686. Further, a change in orientation 618 between the first orientation

12 and a third orientation 616 1s shown,

[00114] In one embodiment, the change in orientation 618 may include a sccond
orientation 614. Additionally, the second orientation 614 may continue to maintain the linear
orientation 608 between subpanels 602-606. In this manner, subpancl 604 remains to the left of
subpanel 602, and subpanel 686 remains fo the right of subpanel 662 even during the change in

orientation.

[60115] After the completion of the change in orientation 61§, the third ortentation 616 is
displayed. Additionally, the third orientation 616 may continue {o maintain the lincar orientation
608 between subpanels 602-606. In this manner, subpanel 684 remains to the left of subpanel
602, and subpanel 606 remains to the right of subpancl 602. Of course, hinear orientation 608
may be in any direction (as opposed to just lefi-to-right type orientation). In another
embodiment, the linear orvientation is maintained from a first orientation 612 to g third

orientation 616.

[00116] Figure 7 tllustrates a user interface flow 708 for selecting one of a plurality of
subpanels to be visible, according to one embodiment. As an option, the user interface tlow 700
may be implemented in the context of any one or more of the embodiments set forth in any
previous and/or subsequent figure(s) and/or description thereof. For example, the user interface
flow 760 may apply in the context of the adjacent relationship of operation 162 of Figure I, the
changing the orientation per decision 408 of Figure 4, the animation sequence 50¢ of Figure 5,

and the user interface flow 606 of Figure 6. Of course, however, the user interface flow 7060
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may be implemented in the context of any desired environment.  Further, the aforementioned

definttions may equally apply to the description below.

[00117] As shown, a visible first subpanel 762 is shown and a non-visible sccond
subpanel 704 is shown (i.e. surrounded by dotted line). In response to a {irst user action 786 (i.¢.
swiping from left to right), a first user interface change 708 occurs, where the visible portion of
the screen now displays visible second subpanel 710 and non-visible {irst subpanel 712 is shown
to the side (surrounded by dotted line}. Additionally, linear orientation 763 shows that the linear
{c.g., adjacent} relationship between the visible first subpanel 702 and non-visible second
subpanel 704, as well as between visible second subpanel 716 and non-visible first subpanel
712, is a left-to-right lincar orientation, or right-to-left lincar orientation, respectively. Further,
icons 711 are represented on the visible first subpanel 742, the non-visible second subpanel 704,
the visible second subpanel 718, and the non-visible first subpanel 71Z. As described herein,
specific icons contained within visible first subpanel 702 are also contained within non-visible
first subpanel 7312, and specific icons contained within non-visible second subpanel 764 are also
contained within visible second subpanel 718, In one embodiment, an orientation of the icons
711 is dependent on the orientation of a subpanel (e.g. subpanels 762-4, 710-12). lu another
embodiment, an orientation of the icons 711 may be dependent on another trigger (e.g.

orientation of the mobile device, input from a sensor, ¢tc.).

[00118] In response to a first change in orientation 714, the visible second subpanel 710
(and non-visible first subpanel 712} is rotated to a new orientation 718. In the new orientation
718, the vistble second subpanel 719 and non-~visible first subpanel 712 maintain the same linear
orientation 783. Additionally, the icons 711 are rotated consistent with the orientation of the
subpanel. Further, the physical placement of icons 711 on a physical display screen coincides
with the placement of such icons 711 prior to the first change in orientation 714. In other words,
if an icon was originally in the bottom right hand comer (as shown in visible second subpanel
718}, and if the device was turned clockwise (as shown in first change in orientation 714}, then

the same icon would be found on the bottom left corner after the first change in orientation 714.
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[00119] Additionally, in response to a second user action 716 (i.e. swiping from right to
left), the display is modified such that the visible first subpanel 782 is made visible and a non-
visible second subpanel 784 is made non-visible. After such action, the same linear orientation

763 is maintained.

16G120] Next, in response to a second change in orientation 728, the visible first subpanel
762 and non-~visible second subpanel 704 are displayed in an orientation that corresponds with

the original orientation.

[00121] In one embodiment, during the first change in orientation 714 and the second
change in orientation 720, the lincar relationship 703 may be maintained between the visible
second subpanel 71 and non-visible first subpane]l 712, and between the visible first subpanel

762 and non-visible second subpanel 704, respectively.

[00122] Of course, in one cmbodiment, rather than receive a first user action 786 and
second user action 716, the device and/or display may be utilized in any manner to facilitate
switching between one user interface and another, including, but not limited to, gaze detection,

use of sensors (e.g. gyroscope, accelerometer), gesture control, ele.

[00123] Figurc 8 illustrates a user interface flow 808 for a zoom operation performed on a
subpanel 882, according to one embodiment. As shown, subpanel 802 includes at least icon
820. Initially, subpanel 882 may be displayed at an initial zoom factor, such as a default zoom
factor. A user zoom action 806 causes a Ul zoom operation 808 to be performed, during and/or
after which a portion of subpanel 862 is displayed according to a different zoom factor. As
shown, icons, including icon 828, within subpanel 802 are displayed larger (higher zoom factor)
after the Ul zoom operation 808 is performed to increase zoom factor. In certain usage modes,
displaying larger icons may assist certain users to be able to discern the icons better.
Furthermore, any text associated with the icons {not shown), such as file or application names,
may be displayed according to a prevailing zoom factor (e.g., the higher zoom factor) to assist
users in reading the text. A user may only need to zoom in bricfly to view the icon and/or

associated test, and may then zoom back out. For cxample, a user may zoom in on a particular
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icon {¢.g., icon 826) to read a file name for the icon and then zoom back out to a default zoom

level for the subpanel.

[00124] A first change in orientation 810 (c.g., a counterclockwise rotation of ninety
degrees) may cause subpanel 802 to be displayed as rotated into a new (landscape) orientation.
As shown, icon 82@ (and others) rotated in place to compensate for the new device orientation.
As shown, icon 828 is also displayed at a higher zoom factor because of the user zoom action
and rotated in place because of the first orientation change 818, A second orientation change
810 (a clockwisc rotation of ninety degrees) may cause subpanel 802 to be displayed in the

original portrait orientation.

[00125] In one embodiment, the disclosed system seeks to improve zoom operations in
file / icon browsers which may require a user to navigate to a system control tool, set the overall
UT zoom level to a higher zoom level using the systeru conirol tool, view an icon and/or text at a
higher zoom level, and then, optionally return to the system control tool and set the overall Ul
zoom level back to a default level. In the process, the user may lose their place in the file / icon
browser. To avoid this and other issues, some users compromise on usability and simply set the
overall UT zoom level higher (larger icons and larger text) than they actually prefer in order to
facilitate occasionally reading certain ttems, but the user may need to set the zoom level down to
view certain documents or web pages properly. In each case, Ul zoom operations in file / icon
browsers are inefficient both from a usability perspective as well as in system performance
measures such as run time (and therefore power consumption) needed to complete an operation
or set of operations requested by the user, all of which may be improved by the embodiments

disclosed herein.

164126] Furthermore, in one embodiment, the zoom system may be used to improve upon
systems where zoom operations within a file / icon browser may cause an icon of inlerest to be
potentially lost during an orientation change {mobile device rotation) due to a file / icon browser
re-shuffling the screen position of each icon, thereby forcing the user to search for the icon of
interest.  Still vet, in another embodiment, icons being displayed may not be rotated to

compensate for device oricntation, making such systems difficult to use, all of which may be
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improved by the embodiments disclosed herein. Further, embodiments disclosed herein allow
the user to zoom in and out freely and efficiently, as well as change the orientation of a mobile

device while preserving a user’s upright view of an icon of interest.

[00127] The above described operations preserve the sereen location and upright display
of an icon of interest, while allowing the user to freely perform zoom and pan operations as well
as device orientation changes. A user may also pan freely, and preserve the screen location of
the icon of interest through rotation operations and/or additional zoom operations.
Embodiments disclosed herein preserve the physical metaphor of 1cons as objects and allow the
user to advantageously perform Ul operations with greater simplicity and efficiency compared to

conventional systems.

[00128] Technigues disclosed herein may be implemented together in any combination
including, without lumitation, arbitrary combinations of rotating representative images in place,
zooming in and out, panning, and selecting different subpanels for display. Furthermore,
various embodiments may implement different forms and organizations of representative images

and subpanel behavior, as described below in Figures 9 and 16.

[00129] Figure 9 illustrates a user interface flow 909 for a subpanel 842 comprising a
photo montage 920, according to one embodiment, As shown, subpanel 992 is configured to
display the photo montage 928, which may comprise an arbitrary set of digital images, such as
digital photos. Each of the digital images may have an arbitrary form factor, with a cropping
function applied to the form factor for display within a photo montage image. For example,
photo 93¢ may have an arbitrary form factor, and may be cropped for display within an
associated rectangular form factor as shown; and photo 946 may also have an arbitrary form

factor and may be cropped for display with a square form factor as shown.

[00130] In one embodiment, photo montage 920 comprises at least a portion of a
subpanel. The subpanel may be configured to function as described previously. At least a
portion of the subpanel may be visible for display. Furthermore, other subpanels (not shown)
may be disposed in a logically adjacent position to subpanel 992 and not presently visible. In

other embodiments, sets of at least one photo each within a given photo montage may comprise
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a subpanel configured to function as described previously. In certain embodiments, one or more

of the subpanels may be visible for display at any one time.

[00131] A first change in orientation 984 (c.g., a counterclockwise rotation of ninety
degrees) may cause subpanel 802 to be displayed in a new (landscape) orientation. As shown,
photo montage 928 {(and potentially others) is rotated in place to compensate for the new device
orientation. Photo 946 is shown to have a square form factor and may rotate about a geometric
center {e.g., centroid) for the square form factor. Photo 938 is shown to have a non-square
rectangular form factor. As such, simply rotating about a geometric center may not necessarily
produce desirable results, As an option, certain photos, such as photo 938, may rotate instead
about a point of interest identified within the photo. The point of interest may include, without
fimitation, one of a focus point of interest, an exposure point of interest, and an identified object
point of interest {e.g., a region identified as a face within the phote). In one embodiment, such
point(s) of interest may be determined automatically (e.g. object recognition, etc.) or may be

manually received {e.g. a user selects a point of interest on the photo, etc.).

[00132] in this particular example, a region identified as a face within photo 836 may
represent an automatically sclected point of intercst and serve as a center of rotation when photo
930 is rotated between a portrait orientation and a landscape orientation for display.
Alternatively, photo 930 may have been taken with a point of interest specified explicitly by the
user {e.g., user may have touched on the face to indicate interest prior to taking photo 938), and
the point of interest (focus and/or exposure} may then be stored within metadata for photo 930,
As shown photo 930 rotates about a point of interest 932 associated with the face in photo 938,
As such, the face remains visible despite other items in photo 230 going in or out of visibility

while alternating between portrait and landscape orientations.

[00133] In certain cmbodimentis, a specified point (e.g., point of interest) within a photo is
used as a center of rotation in a thumbnail browser, icon browser, and/or other form of

representative image browser,

160134] Figure 16 illustrates a user interface flow 1609 for alphabetically organized icons

1642, according to one embodiment. As shown, icons 1682 are organized into alphabetic groups

42



WO 2018/075950 PCT/US2017/057704

1629. For example, icons associated with a name (¢.g. application name or file name) beginning
with the letter “A” are organized into group 1028(A) and displayed within a region for group
1829{A); icons with a name beginning with the letter “B” are organized into group 1028(B) and
displayed within a region for group 1026(B), and so forth. A given region may include a visual
boundary, such a rectangle drawn around the region (as shown), one or more demarcation lines,
alternating background shades or colors, or any other visually distinct indication of different
regions, In one erbodiment, an information bar 1056 is displayed on a top horizontal edge of a

mobile device display screen when in portrait orientation as shown.

[00135] While the above example describes an embodiment that uses English letters and
alphabetical organization, any system of characters may be implemented without departing the
scope of the present disclosure. For example, icons may be organized according to any set of
characters within the well-known Unicode system. As such, icons having file names in any one
or more languages supported by Unicode characters may be organized and displayed according
to the techniques described herein. In a separate embodiment, the organization of the icons may
be configured automatically (e.g. alphabet progression, organization based on context, eic.) or
may be manually determined (e.g. organization based on pictorial character, personal

organization, ¢ic.}.

[00136] A first change in orientation 1804 (c.g., a counterclockwise rotation of ninety
degrees) may cause groups 1028 to be displayed in a new overall landscape orientation with
associated icons rotated, through animation, into upright positions. In one embodiment, as
shown, information bar 105¢ does not change physical position relative to a mobile device
display screen in response to the first change in orientation 1804, In other embodiments,
information bar 1058 may be repositioned, such as through animation or through a simple
redraw operation, along a horizontal edge of the display screen as generally described

previously.

[00137] As shown, the physical positions of icons 1082 on the display screen are
preserved after the first change in orientation 1804, Furthermore, geometry for the groups 1024

is consistently presented on the display screen regardless of device orientation. Icons 1002
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displayed within groups 1620 are rotated (e.g., through animation) in response to the first change
in orientation 1004 to preserve an upright appearance. A second change in orientation 1003
restores the appearance of groups 1424 and icons 1802 to a portrait orientation. Icons 1682 are

rotated into an upright position in response to cach change in orientation.

16G138] Various embodiments of the present disclosure advantageously improve mobile
device operation by reducing run time associated with locating and acting on data objects (files,
applications, images, videos, audio clips, other media objects, ete.} displayed as representative
images {icons, thumbnails, etc.). Run time, and therefore power consumption, may be improved
(reduced) by allowing a user to keep visual track of a selected representative image regardless of
changes to device orientation. By rotating the representative image in-place in response to a
change in device orientation, the user is able to keep visunal track of the representative image,
thereby reducing run time associated with opening, running, editing, viewing, listening to, or
otherwise operating oun the data object associated with the representative image. Further
advantage is achieved in scenarios when the user needs to zoom in on a representative image.
By rotaling a zoomed-in representative timage in-place, the user is able to maintain visual track
of the representative image. The techniques disclosed herein address inefficiencies associated
with conventional systems, such inefficiencies typically require the user to spend time visually
hunting for and/or scrolling through shuffled representative images following a change in device
orientation; such hunting and scrolling operations require additional device run time and

therefore additional device power consumption.

[00139] It is noted that the techniques described herein, in an aspect, are embodied in
executable instructions stored in a computer readable medium for use by or in connection with
an instruction execution machine, apparatus, or device, such as a computer-based or processor-
containing machine, apparatus, or device. It will be appreciated by those skilled in the art that
for some embodiments, other types of computer readable media arc included which may store
data that is accessible by a computer, such as magnetic cassettes, flash memory cards, digital
video disks, Bernoulli cartridges, random access memory (RAM), read-only memory (ROM),

and the like.
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[00144] As used here, a "computer-readable medium" includes one or more of any
suitable media for storing the exccutable instructions of a computer program such that the
instruction execution machine, system, apparatus, or device may read {or fetch) the instructions
from the computer readable medium and execute the instructions for carrying out the described
methods. Suitable storage formats include one or more of an elecironic, magnetic, optical, and
electromagnetic format. A non-exhaustive list of conventional exemplary computer readable
medium includes: a portable computer diskette; a RAM; a ROM; an erasable programmable read
only memory (EPROM or flash memory); optical storage devices, including a portable compact
disc (CD), a portable digital video dise (DVD), a high definition DVD (HD-DVD™), a BLU-
RAY disc; and the like.

[03141] it should be understood that the arrangement of components iflustrated in the
Figures described arc exemplary and that other arrangements are possible. It should also be
understood that the various system components (and means) defined by the claims, described
below, and illusirated in the various block diagrams represent logical components in some

sysiems configured according to the subject matter disclosed herein,

[00142] For cxample, one or more of these system components (and means) may be
realized, in whole or in part, by at least some of the components illustrated in the arrangements
itlustrated in the described Figures. In addition, while at least one of these components are
implemented at least partially as an electronic hardware component, and therefore constitutes a
machine, the other components may be implemented in software that when included in an
execution euviromment constituies a machine, hardware, or a combination of software and

hardware.

160143] More particularly, at least one component defined by the claims is implemented
at least partially as an electronic hardware component, such as an instruction execution machine
(e.g., a processor-based or processor-containing machine) and/or as specialized circuits or
circuitry {c.g., discreet logic gates interconnected to perform a specialized fanction). Other
components may be implemented in software, hardware, or a combination of software and

hardware. Morcover, some or all of these other components may be combined, some may be
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omitted altogether, and additional components may be added while still achieving the
functionality described hercin. Thus, the subject matter described herein may be embodied in
many different variations, and all such variations are contemplated to be within the scope of

what is claimed.

[00144] in the description above, the subject matter 1s described with reference to acts and
symbolic representations of operations that are performued by one or more devices, unless
indicated otherwise. As such, it will be understood that such acts and operations, which are at
times referred to as being computer-executed, include the manipulation by the processor of data
in a structured form. This manipulation transforms the data or maintains it at locations in the
memory system of the computer, which reconfigures or otherwise alters the operation of the
device in a manner well understood by those skilled in the art. The data is maintained at physical
locations of the memory as data structures that have particular properties defined by the format
of the data. However, while the subject matter is being described in the foregoing context, it is
not meant to be limiting as those of skill in the art will appreciate that various of the acts and

operations described hereinafter may also be implemented in hardware,

[00145] To facilitate an understanding of the subject matter described herein, many
aspects are described in terms of sequences of actions. At least one of these aspects defined by
the claims is performed by an clectronic hardware component. For example, it will be
recognized that the various actions may be performed by specialized circuits or circuitry, by
program instructions being executed by one or more processors, or by a combination of both.
The description herein of any sequence of actious is not intended to iroply that the specific order
described for performing that sequence must be followed. All methods described herein may be
performed in any suilable order unless otherwise indicaied herein or otherwise clearly

contradicted by context

[60146] The use of the terms "a" and "an"” and "the" and similar referents in the context of
describing the subiect matter (particularly in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or clearly

contradicted by context. Recitation of ranges of values herein are merely intended to serve as a

46



WO 2018/075950 PCT/US2017/057704

shorthand method of referring individually to cach separate value falling within the range, unless
otherwise indicated herein, and cach separate value is incorporated into the specification as if it
were individually recited herein. Furthermore, the foregoing description is for the purpose of
illustration only, and not for the purposc of limitation, as the scope of protection sought is
defined by the claims as set forth hereinafter together with any equivalents thereof entitled to.
The use of any and all cxamples, or exemplary langnage {(¢.g., "such as") provided herein, is
intended merely to better Hustrate the subject matter and does not pose a limitation on the scope
of the subject matter unless otherwise claimed. The use of the term “based on” and other like
phrases indicating a condition for bringing about a result, both in the claims and in the writien
description, is not intended to foreclose any other conditions that bring about that resuit. No
language in the specification should be construed as indicating any non-claimed element as

essential to the practice of the invention as claimed,

[00147] The embodiments described herein included the one or more modes known to the
inventor for carrying out the claimed subject matter. Of course, variations of those embodiments
will become apparent to those of ordinary skill in the art upon reading the foregoing description.
The inventor expects skilled artisans to employ such variations as appropriate, and the inventor
mtends for the claimed subject matter to be practiced otherwise than as spectifically described
herein. Accordingly, this claimed subject matter includes all modifications and equivalents of
the subject matter recited in the claims appended hercto as permitted by applicable law.
Moreover, any combination of the above-described clements in all possible variations thereof is

encompassed unless otherwise indicated herein or otherwise clearly contradicted by context.
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We Claim:

2.

A mobile computing device comprising:
a display unit configured to visibly display a user interface;
a processing unit coupled to the display unit and configured to:

cause the display unit to display two or more representative images within one or
more subpanels of the user interface;

configure an adjacent relationship between a vistble subpanel of the one or more
subpanels and at least one not-visible subpanc! of the one or more subpanels;

for cach of the two or more representative images, configure a second
relationship between the respective representative image and an associated subpanel of
the one or more subpanels, the second relationship defining a location on the associated
subpanel at which to display the respective representative image;

receive a notification indicating a new orientation for at least one of the one or
more subpanels;

in response to the new orientation, generate an in-place rotation animation for the
two or more representative images, affected by the new orientation, based on the

adjacent relationship and the second relationship.

The mobile computing device of Claim 1, wherein the adjacent relationship includes a

linear orienlation comprising at least one of: a lefi-to-right orientation, a right-to-left orieniation,

a side-to-side orientation, an up-to-down orientation, a down-to-up orientation, a top-to-bottom

orientation, a bottom-to-top orientation, and a comer-to-corner orientation.

3.

The mobile computing device of Claim |, wherein the in-place rotation animation occurs

independently for each of the two or more representative images affected by the new orientation.

4.

The mobile computing device of Claim 1, wherein the notification occurs based on a

rotation of the mobile computing device.
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P

5. The mobile computing device of Claim 1, wherein the notification comprises a message

in an object-based message passing system.

6. The mobile computing device of Claim 1, wherein the notification is generated in

response to a measurement of a physical force associated with the mobile computing device.

7. The mobile computing device of Claim 1, wherein the in-place rotation animation

includes an animation state comprising a cusrent rotation angle.

8. The mobile computing device of Claim 1, wherein the in-place rotation animation

includes an animation statec comprising a current scroll position.

9. The mobile computing device of Claim 1, wherein the in-place rotation animation is

generated by a graphics processing unit within the mobile computing device.

160, The mobile computing device of Claim 1, wherein each one of the two or more
representative images is displayed at a different predetermined location relative to a physical

origin for the display unit during the in-place rotation animation,

11, The mobile computing device of Claim 1, wherein the in-place rotation animation is
further generated by:

generating a sequence of animation frames; and

displaying the sequence of animation frames;

wherein each animation frame of the seqguence of animation frames depicts a different

animation state in a sequence of animation states for the two or more representative images.

12, The mobile computing device of Claim 11, whercin an animation frame of the sequence
of animation frames is generated by:
computing a current animation state for the animation frame;

identifying the two or more representative images to render in the animation frarue; and
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rendering at least the two or more representative images in place, according to the

current animation state.

13, The mobile computing device of Claim 1, wherein the two or more representative images
are organized onto a grid pattern of the one or more subpaunels of the aser interface, wherein the

grid pattern includes both a visible region and a non-visible region.

14, The mobile computing device of Claim 1, wherein the associated subpanel includes a
reference coordinate and cach of the two or more representative images is positioned on the

associated subpanel at a 2D offset with respect to the reference coordinate.

15, The mobile computing device of Claim 14, wherein the 2D offset is preserved after the

new orientation.

16. The mobile computing device of Claim 1, wherein the second relationship includes an
offset relative to a physical display location for cach of the two or more representative images

when an associated subpanel is visible.

17. The mobile computing device of Claim 1, wherein the notification of the new orientation
is based on a sufficient change in orientation angle of the mobile computing device, wherein the

oricuntation angle tncludes a hysteresis function,

18.  The mobile computing device of Claim 1, wherein the user interface includes an
information bar with an edge orientation, wherein after the new orientation, the information bar

1s repositioned to maintain the edge orientation,

19. A computer program product embodied in a non-transitory computer-readable medium
that, when executed by a processor, causes the processor to display on a display unit two or
more representative images within one or more subpanels of a user interface by performing a

method comprising:
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configuring an adjacent relationship between a visible subpanel of the one or
more subpanels and at least one not-visible subpanel of the one or more subpanels;

for each of the two or more representative images, configuring a second
relationship between the respective representative image and an associated subpanel of
the one or more subpanels, the second relationship defining a location on the associate
subpanel at which to display the respective representative image;

receiving a notification indicating a new orientation for at least one of the one or
more subpanels;

in response to the new orientation, gencrating an in-place rotation animation for
the two or more representative images, affected by the new orientation, based on the

adjacent relationship and the second relationship.

20, A method, comprising:

displaying, by a processor unit on a display unit, two or more representative images
within one or more subpanels of a user interface;

configuring, by the processor unit, an adjacent relationship between a visible subpancl of
the one or more subpanels and at [east one not-visible subpanel of the one or more subpanels;

for each of the two or more representative images, configuring, by the processor unit, a
second relationship between the respective representative image and an associated subpanel of
the one or more subpanels, the second relationship defining a location on the associated
subpanel at which to display the respective representative image;

receiving, by the processor unit, a notification indicating a new orientation for at least
one of the one or more subpanels;

in response to the new orientation, generating, by the processor unit, an in-place rotation
animation for the two or more representative images, affected by the new orientation, based on

the adjacent relationship and the second relationship.
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