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(57) Abstract: Systems and methods are described for providing animated visual feed-
back in a manner that increases the likelihood that the feedback will be seen. When a
touch-based interaction with a user interface element is detected, a position, orienta-
tion, and/or size of the gesturing user's hand and/or digit are determined by assessing
factors such as the size and shape of the touched region on the touchscreen, the position
of the user interface element relative to the edges of the touchscreen, the orientation
of the touchscreen device, and other criteria. An eclipsed region of the touchscreen
may be determined, and a starting coordinate for the animated visual feedback may
be determined based on the eclipsed region. The animated feedback may be drawn for
a determined duration, and may be reversed or erased if the touch-based interaction
ceases before the duration is completed.
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FEEDBACK ANIMATION FOR TOUCH-BASED INTERACTIONS

BACKGROUND

{0001} Generally described, computing devices may provide touch-based user
interfaces via a touchscreen or other similar input/ouiput device. A touchscreen may display
user interface conirols, which may be activated or invoked by making touch gestures. A touch
gesture may involve, for example, vsing a finger, thumb, or other digit to physically touch a
target region of the touchscreen that is associated with a user interface control.

{0002} Users of computing devices may thus interact with touch-based user
interfaces, which may provide visual feedback when the user makes a touch gesture.
However, touch-based inleractions reqguire that the user’s finger or hand cover at least a
portion of the touchscreen during the interaction, which may block the user’s view of a
portion of the touchscreen display during the touch-based interaction.

BRIEF DESCRIPTION OF THE DRAWINGS

{00031 The foregoing aspects and many of the attendant advantages will become
more readily appreciated as the same become better understood by reference to the following
detailed description, when faken in conjunction with the accompanying drawings, wherein

{00041 FIG. 1A is an illustrative user interface that depicts the beginning of a
touch-based interaction with a user interface control.

{0005] FIG. 1B is an illustrative user interface that depicts a touched region of a
touchscreen during an interaction with a user imter{ace control.

{0006} FIG. 1C is an ilustrative user interface that depicts the drawing of
animated visual feedback in a portion of the user interface that remains visible to the user

during the touch-based interaction.

{00071 FIG. 1D 1s an illostrative user interface that depicts the drawing of a
second animated visual feedback in response to an interruption of the touch-based
interaction.

{0008] FIG. 1E 1s an illustrative user interface that depicts completion of the

touch-based interaction and completion of the delivery of the animated visual feedback.
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{0009] FIGS. 2A and 2B are flow diagrams depicting an illustrative animated
visual feedback routine in accordance with aspects of the present disclosure.

{0010} FIG. 3 is a flow diagram depicting an illustrative eclipsed region
determination routine in accordance with aspects of the present disclosure.

{0011} FIG. 4 15 a general architecture of an example mobile computing device
that is configured to implement aspects of the present disclosuore.

DETAILED DESCRIPTION

10012} Generally described, aspects of the present disclosure relate to touchscreen
user interfaces. More specifically, aspects of the present disclosure are directed to systems,
methods, and computer-readable media related to providing anmated visual {eedback in
response to a touchscreen gesture, such that the animated feedback 15 visible to the user
despite a portion of the touchscreen being covered by the wser’s hand and/or digits.
HHustratively, a computing device may be equipped with a touchscreen, which may display
various user interface elements and controls, and which may receive touch gestures as input.
Touch gestures may include, for example, a tap, a double tap, a long press, a tap and hold, a
drag, a pinch, and the like. The computing device may capture information regarding the
touch gesture, such as a region of the touchscreen that was touched (which may vary over
time) and/or a set of touchscreen coordinates (which may similarly vary), an amount of
pressure or force exerted against the touchscreen, a duration of the touch gesture, a user
interface element associated with the touch gesture, and/or other information.

[0013] The computing device may determine that a touch gesture is a long press
based on the duration of the gesture, which may be ongoing at the time of the determination.
For example, in some embodiments, a touch gesture may be considered a long press as
opposed to a tap if the length of time that the touch remains in a given location or region of
the touchscreen exceeds a predetermined length of time (such as one second). The coraputing
device may further identily a user interface element associated with the touch gestore. For
example, the computing device may identify that the user is making a long press on a user
interface (“UI”) button or other Ul control displayed on the touchscreen. The Ul button may
illustratively require a long press rather than a tap or other gesture, in order to ensure that the

UT button was deliberately pressed. The Ul button may, for example, be associated with an
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action that would be difficult, expensive, or inconvenient to undo if the bution were pressed
inadvertently. However, the Ul button may visually resemble a button that is normally
tapped, or that the aser would otherwise expect to be immediately responsive to a touch
gesture.

{00141 The computing device may thus provide animated visual feedback in
response o the start of a long press, and may continue to provide animated visual feedback
for the duration of the long press that is required to activate the Ul button. Hlustratively, the
animated visual feedback may include gradunally drawing an outline around the entire user
interface element, an outline around the target region of the user interface elernent, a fill
effect, a distortion {e.g., a 2D or 3D displacement, such as a ripple effect or a change in
perspective), a color change, or another form of animated visual feedback. “Target region,” as
used herein, refers to the region of the touchscreen that, when touched, is considered by the
computing device to be an interaction with the displayed user interface element. The target
region may itlustratively include the entire user interface element, a portion of the user
interface element, or may extend bevond the boundaries of the user interface element. For
example, a user interface element may include a button and a caption, and the element’s
target region may include only the portion of the touchscreen that displays the bution. As a
further example, a user interface element may be contained within a table or a list, and the
element’s target region may include the entire row of the table or list,

{0015} The computing device may attempt to provide immediate visual feedback
when the user begins a touch gesture, in order to confirm that the touch gesture has been
registered. However, since the user is touching the screen in order to perform the touch
gesture, at least a portion of the touchscreen may be hidden from view by the user’s digit
{¢.g., finger or thumb) and/or hand. Accordingly, an animation or other visual feedback
displayed by the computing device may not in fact be seen by the user, thus not providing the
intended cffect of alerting the user that the touch gesture has been registered.

{0016} Accordingly, to prevent the visual feedback from being hidden from view
by the wvser’s hand, the computing device may determine a region of the touchscreen that is
likely eclipsed or blocked from view, and may cause the visual {eedback to begin at a

coordinate of the touchscreen that is not within the eclipsed portion. For exaruple, the
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computing device may detect the start of a long press gesture associated with a button
displayed on the touchscreen. The computing device may analyze various data associated
with the long press gesture, as described in more detail below, to determine a likely position
of the user’s hand relative to the touchscreen, and to deterrmine a portion of the touchscreen
that the user’s hand is likely to be covering. Hlustratively, the computing device may analyze
a size and/or a shape of the touched region, an amount of pressure applied to the touched
region {which may, in some embodiments, be a function of the size of the touched region}, a
position of the user interface element relative to the edges of the touchscreen, an orientation
of the touchscreen, and other {actors to determine that, for example, the aser’s right thumb is
likely the digit touching the user interface element, and hence that an arca of the touchscreen
below and to the right of the touched region (e.g., in the shape of a hand with an extended
thurnb) s hikely hidden from view.

10017] As a further example, the computing device may analyze a touched region
having a teardrop shape, with the blunt end of the teardrop overlapping a target region of a
user interface control and the tail end of the teardrop extending ountside the target region. The
computing device may determine a centroid, or geometric center, of the teardrop, and may
determine that the longest line that can be drawn within the boundaries of the teardrop while
passing through the centroid has a slope of 35 degrees. The computing device ruay thus
determine that the digit used to make the touch gesture is extending over the touchscreen at a
35 degree angle, and may determine the position of the user’s hand relative to the digit. In
some embodiments, the computing device may store information regarding average hand and
finger sizes, the sizes and shapes of previous touch regions or reference touch regions, or
other information to enable identification of the particular digit {e.g., a thumb, index finger,
middle finger, ring finger, or pinky) used to perform the touch gesture, more accurate
estimation of the position of the digit, and more accurate estimation of the hand position.

[0018] As used herein, “touched region” refers to the portion of a touchscreen
with which the user makes actual physical contact during a touch gesture, and/or to
information regarding that portion of the touchscreen, such as its boundaries or coordinates.
In various embodiments, the touched region may be expressed as the area of contact at a

particular moment in time {e.g., when some combination of duration, pressure, capacitance,
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or other measurements used by the touchscreen to detect a touch exceeds a threshold), as a
series of areas captured over time {e.g., the areas that are touched as the user’s finger flattens
against the touchscreen), or may be captured in real timie or near-real time as the touch event
proceeds. Additionally, as wsed herein, “eclipsed region” refers to the portion of the
touchscreen that is likely to be hidden from view by the user’s hand. While references are
made herein to determining the position of the user’s hand and/or to determining the eclipsed
region, it will be appreciated that these determinations are estimates or predictions of a likely
position and/or a likely eclipsed region. It will also be understood that, unless explicitly
excluded, references made herein to the user’s hand include the digits of the hand.

{0019} o some embodiments, the computing device may generate a “heat map”
based on the characteristics of a touch gesturc over time, and may use the heat map to
identify the digit and the relative position of the digit and hand. For example. the computing
device may determine that a touch event initially registered as a small, narrow, oval-shaped
region, then broadened and became larger as more of the user’s digit came into contact with
the touchscreen. The computing device may thus determine characteristics such as an angle
of the digit, a rotation of the digit {e.g., that the user pressed the touchscreen using the side of
a finger), a size of the user’s hand, and/or other characteristics,

{0020] In further embodiments, the computing device may obtain sensor data
from, for example, an accelerometer, a camera, other touch sensors besides the touchscreen
{e.g., sensors on the sides or the back of the device that detect how the device is being held),
light sensors, vibration sensors, or other input sources to enable more accurate identification
and position estimation.

{00211 The computing device may then determine an eclipsed region of the
touchscreen interface, the user interface control, and/or the target region of the user interface
control, based on the estimated size and position of the user’s hand and digit. In some
embodiments, the computing device may estimate a viewing angle and/or a position of the
user’s eves relative to the touchscreen in order to determine the eclipsed region. For example,
the computing device may obtain accelerometer data or other data indicating that the
computing device is being held at an angle 31 degrees {rom vertical. The computing device

may thus determine that the user is looking down at the touchscreen, and accordingly that the
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eclipsed region includes portions of the touchscreen that are below the user’s hand as well as
areas directly covered by the user’s hand.

{0022} Based on the size and shape of the eclipsed region, the computing device
may determine an animation starting coordinate that is likely to be visible to the user. For
example, the computing device may determine a coordinate that is furthest away from the
eclipsed region while still within the boundaries of the user interface control and/or the target
region. As a further exanmiple, the computing device may determine a coordinate of the control
or the target region that is “most eclipsed” (that is, having the furthest total distance from a
non-eclipsed coordinate and/or a center coordinate), and may determine an animation starling
coordinate that is geometrically opposite the most eclipsed coordinate. In some embodiments,
the computing device may bias its sclection toward, for example, the top of the touchscreen,
the nearcst edge of the touchscreen, the top or nearest edge of the user interface control
and/or the target region, or toward other coordinates on the touchscreen. In further
embodiments, the bias may be configurable based on user preferences or other data. For
example, a user preference or other data may indicate that the user is left-handed. The
computing device may therefore determine that coordinates on the right side of the interface
are less likely to be hidden from view, and may determine an animation starting coordinate
accordingly.

{00231 The computing device may then begin delivering animated {eedback to the
user to indicate that the start of the long press gesture has been received and processed.
Hlustratively, the computing device may begin drawing the animated feedback at the
determined starting coordinate, and may continue drawing animated feedback unti] either a
specified feedback duration is reached or an indication is received that the long press gesture
has ended. In some embodiments, the computing device may reverse the direction of the
animated feedback, erase the previously drawn animated feedback, or deliver a different
animated feedback in response to receiving an indication that the long press gesture ended
while the initial feedback animation was still being displayed. In further embodiments, the
computing device may display additional feedback, such as a help message, if it detects that a

touch gesture (or a series of touch gestures) ended before invoking the user interface control.
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10024} The foregoing aspects and many of the attendant advantages will become
more readily appreciated as the same become better understood by reference to the {ollowing
descriptions of illustrative embodiments, when taken in conjunction with the accompanying
drawings depicting the illustrative embodiments.

{00251 FIG. 1A depicts an illustrative user interface presented by a mobile
computing device 100 that implements aspects of the present disclosure. The mobile
computing device 100 1s described in more detail with reference to FIG. 4 below. In the
illustrated embodiment, the mobile computing device 100 includes a touchscreen interface
102, which displays a user interface control 106 having a target region 108. While depicted as
an oval and a circle in FIG. 1A, the user interface control 106 and the target region 108 may
be of any shape or size, and may be various sizes relative to each other. For example, the user
iterface control 106 and the target region 108 may be identically shaped, such that a touch
anywhere on the user interface control 106 may be interpreted as a touch gesture. As a further
example, the target region 108 may be larger than the user interface control 106. Still fusther,
the target region 108 may not correspond to any drawn element on the touchscreen interface
102. For example, the target region 108 may be an area of the touchscreen interface 102 for
which the user interface control 106 is the nearest control.

[0026] In the illostrated embodiment, a user’s hand 104 is initiating a touch
gesture by touching the target region 108 of the user interface control 106. Specifically, the
left index finger of the user’s band 104 is touching the target region 108. As a result, a
portion of the touchscreen inter{ace 102, including an eclipsed portion 110 of the target
region 108, is hidden from the user’s view. Although FIG. 1 illustrates an eclipsed portion
110 of the target region 108, one skilled in the art will understand that the eclipsed portion
110 may include any part of the touchscreen interface 102 that is covered by the user’s hand
104, and that aspects of the present disclosure include determinations of an eclipsed portion
110 of the target region 108, of the user interface control 106, and/or of the touchscreen
interface 102.

100271 FIG. 1B depicts a different perspective on the illustrative user interface of
FIG. 1A, in which details that arc covered by the user’s hand 104 are described. As the user’s

hand 104 makes physical contact with the touchscreen interface 102, the mobile computing
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device 100 detects a touched region 112 of the touchscreen interface 102 that is in durect
contact with the user’s hand 104. While the touched region 112 is visually represented f{or
illustrative purposes in FIG. 1B, it will be appreciated that a visual indication of the touched
region would not typically be rendered for actual display by the mobile computing device.
The touched region 112 may iHustratively be an irregular shape, such as a teardrop, oval, or
another shape that naturally occurs as the digit of the user’s hand 104 is pressed flat against
the touchscreen interface 102. Hlustratively, the touchscreen interface 102 may be divided
into a grid of pixels or coordinates, and the mobile computing device may identify the
touched region 112 as a set of coordinates or as a region or area within the touchscreen
interface 102. In some embodiments, the mobile computing device 100 may determine that
the touched region 112 overlaps the target region 108 of a user inlerface control 106, and
accordingly may treat the touch as the start of an inferaction with the user interface control
106. In some embodiments, the mobile computing device 100 may detect that the touched
region 112 changes shape over time. For example, the mobile computing device 100 may
detect an initial touched region 112 as the user’s hand 104 makes contact with the
touchscreen interface 102, and then detect changes to the touched region 112 as a digit of the
user’s hand 104 is pressed flat against the touchscreen.

[0028] FIG. 1C depicts a view of the illustrative oser interface discussed above at
a later point in time, after the mobile computing device 100 has begun to provide feedback in
response to the touch event whose beginning was depicted in FIGS. 1A and 1B, In FIG. 1C,
the mobile computing device 100 has begun to draw a feedback animation 114, which
illustratively may have begun drawing at an animation starting point that is opposite the
touched region 112 and that is outside the portion of the touchscreen interface 102 that is
hidden behind the user’s hand 104, In the illustrated embodiment, the feedback animation
114 15 an outline gradually drawn arcund the target region 108, and is animated by drawing
both clockwise and counter-clockwise from the animation starting peint (such as, for
cxample, by updating the visual display to present an increasce in the length of the animated
outline 114 at a given refresh rate, such as 30 times per second, during the touch event). In
various embodiments, the feedback animation 114 may be an outline, color change,

distortion, fill effect, or other animation. As described in detail below, the mobile computing
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device 100 may determine an animation starting point based on the size, shape, and other
characteristics of the touched region 112, the target region 108, the user interface control 106,
the touchscreen interface 102, and the mobile computing device 100,

{0029] FIG. 1D depicts a view of the illustrative user interface at a point in time
after the user-initiated touch gesture has ended or has been interrupted, such that the user’s
hand 104 is no longer in physical contact with the touchscreen 102 or is no longer touching a
portion of the touchscreen 102 that overlaps the larget region 108, In the illustrated
embodiment, the mobile computing device 100 has begun to draw a second feedback
animation 114’, which in some embodiments may be a reversal or erasure of the original
feedback animation 114, The mobile computing device 100 may illustratively begin drawing
the second feedback amimation 1147 at the last drawn coordinates 116A-B of the original
feedback animation 114, and in various embodiments may continue drawing the second
feedback animation 114" until the original feedback animation 114 has been fully erased,
until the second feedback animation 114" has completed, or until the mobile computing
device 100 receives an indication of the start of a second user-initiated touch gesture, such as
a second long press that overlaps the target region 108.

HEIR Y FIG. 1E depicts a view of the illustrative user interface of FIGS. 1A-1D at
a point in time at which the mobile computing device 100 has completed its drawing of the
feedback animation 114. This may occur, for example, in situations where the touch gesture
was not interrupted (as in the case of FIG. 1D discussed above), or after the user resumed
touching the target region subsequent to an interruption. The feedback animation 114 now
fully encircles the target region 108, ending at a coordinate within the eclipsed portion 110
that 1s not visible to the user doe (o the placement of the user’s hand 104. Hlusiratively, the
mobile computing device 100 may provide other feedback, such as feedback message 118, to
indicate that the user has completed the touch cvent and successfully invoked the user
interface control 106. Feedback message 118 may, in various embodiments, be displayed as a
status message, a pop-up window, an overlay displayed on top of the user interface control
106, presented as audio feedback, or delivered in other formats. One skilled in the art will
understand that FIG. 1E depicts a state that occurs only when the user performs the required

touch gesture for as long as is necessary to allow the mobile computing device 100 to

-9.
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complete its drawing of the feedback animation 114. In various embodiments, the mobile
computing device 100 may determine a duration for drawing the feedback animation 114,
based on criteria such as previous touch events, previously canceled or reversed interactions
with the user interface control 106, or other criteria.

[0031] Turning now to FIGS. 2ZA and 2B, an illustrative routine 200 for drawing
animated visual feedback will be described. The routine 200 may be carried out, for example,
by the mobile computing device 100 of FIG. TA. At block 202, an indication of the start of a
long press may be received. In some embodiments, the start of a long press may be
determined from a touch gesture that continues beyond a threshold duration. In other
embodiments, the start of a long press may be received from an operating sysiem or other
software of the mobile computing device 100. In further embodiments, the indication of the
start of the long press may specify a touched region of a touchscreen, such as the touchscreen
mterface 102 of FIG. 1A. Alternatively, in some embodiments, a touched region may be
determined dynamically based on raw touch data received in association with the
touchscreen.

10032} At block 204, an overlap may be determined between the touched region
and a target region of a user interface clemcent (e.g., a user interface control). In some
embodiments, the overlap may be determined by an operating system or other software, and
the indication at block 202 may indicate the target region and/or the user interface element
that was overlapped. In other embodiments, the overlap may be determined and/or the user
interface element may be identified by comparing the touched region and the target region.
For example, the mobile computing device 100 may determine coordinates defining a
polygon or other shape that defines the collection of pixels or screen coordinates currently
being touched by the vser, as well as coordinates defining the displayed target region. The
computing device 100 may then determine whether these two areas intersect and whether the
intersecting shared region is above a threshold number of pixels or points.

10033] At block 206, a position of the user’s hand may be determined.
Hustratively, the position of the user’s hand may be determined by an eclipsed region
determination routine, such as the illustrative routine 300 depicted in FIG. 3 and described

more detail below. In some embodiments, a position of one or more digits may be

-10-
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determined, and the position of the user’s hand may be determined based on the position of
the digit(s). For example, a determination may be made that the user’s index finger is pressed
against the touchscreen, based on a size and shape of the touch region. The position of the
rest of the user’s hand may thus be extrapolated from the position of the index finger.

{00341 At block 208, an eclipsed region of the user interface element may be
determined. In some embodiments, an eclipsed region of the target region or the touchscreen
interface may be determined. The eclipsed region may be determined based on criteria such
as an estimated size and position of the user’s hand, an estimated position of the user’s eyes
{c.g., based on the orientation of the mobile computing device), or other criteria. For
example, the eclipsed region may include at least any portion of the target region actually
being touched (as directly determined via the touchscreen input), as well as portions
estimated to be eclipsed or blocked from view based on the estimated position of the user’s
hand and other factors described above.

10035] At block 210, an animation starting coordinate may be determined.
Hustratively, as described above, the starting coordinate may be determined based on a “most
echipsed” coordinate and/or a geometric cenier of the touched region, the target region, the
user interface control, and/or the touchscreen interface. In some embodiments, the starting
coordinate may be determined as the coordinate most likely to be visible to the user given the
determined eclipsed region and/or the determined positions of the user’s hand and digit.

{0036} At block 212, the drawing of animated feedback may begin. [ustratively,
the drawing may start from the animation starting coordinate. In some embodiments, the
animated feedback may be drawn as an outline extending clockwise and counnter-clockwise
around the target region of a user interface control, as depicted in example FIGS. 1C and 1D,
or in other embodiments may be drawn as other types of animated feedback, may progress in
a clockwise or counter-clockwise direction around the object, may “fill” the object and
progress directly or indirectly toward a coordinate opposite the animation starting coordinate,
or in other patterns as described above,

[0037] At decision block 214, a determination may be made as o whether an
indication of the end of the long press has been received (e.g., whether the user has stopped

touching the touchscreen or the touch position has shifted to a position away from the target
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region}. If so, the routine 200 branches to block 220 of FIG. 2B, which will be described
below. If the determination at decision block 214 is that an indication of the end of the long
press has not been received, then the routine 200 branches to decision block 216, where a
determination may be made as to whether the animated visual feedback that was begun at
block 212 has completed. It the visnal feedback has completed, then the routine 200 ends. In
some embodiments, the routine 200 may output that the animation was completed to a
computing device (such as the mobile computing device 100 of FIGS. 1A-1D), which may in
turn determine that the user interface element overlapped by the touched region has been
success{ully invoked by the long press. As will be appreciated, a subsequent action triggered
by the successfully completed long press may vary widely depending on the purpose of the
user interface element. For example, in one embodiment in which the user interface element
is presented by an operating system, the completed long press may result in an application
being launched, while a user interface element presented by a retail-related application may
result in a purchase being made or product being ordered.

[0038] If the determination at decision block 216 is that the animated visual
feedback has not completed its animation, then the routine 200 branches to block 218, where
the anumated visual {eedback may be continued. The routine 200 then returns to decision
block 214, and iterates until the animation is ecither completed or interrupted (e.g., by
receiving an indication of an end of the long press).

{00391 Turning now to FIG. 2B, at block 220 erasure of the previously drawn
animated feedback may begin. [ustratively, the erasure may begin from the most recently
drawn coordinate of the animated feedback. For example, if the animated feedback was a

straight line drawn from starting coordinate x=100, y=150 to ending coordinate x=300,

y=150)}, then animating the crasure of the line may begin from coordinate x=200, y=150 and
proceed toward the original starting coordinate. Although described as a straight line for
purposes of example, one skilled in the art will understand that the animated feedback need
not be linear, and indeed may take any shape, curve, or patiern as it proceeds from its starting
coordinate to its ending coordinate. For example, the animated feedback may be a ripple

effect that expands outward from the starting coordinate in all directions, a fill effect that
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begins at the starting coordinate and {ills a 2D or 3D shape, an outline around an irregular
shape, or any number of other animation effects.

{0040] In some embodiments, drawing of a second animated visual feedback may
instead begin at block 220, and the second feedback may not be an crasure or mirror image of
the initial feedback. For example, the initial feedback may be an animation of lighting a fuse,
and the second feedback may be an animation of blowing out the fuse. In other embodiments,
block 220 and subseguent blocks may be omitied, and the routine 200 may end (with or
without removal of any previously drawn feedback) upon receipt of an indication of an end of
the long press.

{00411 At decision block 222, a determination may be made as to whether an
indication of the start of a new long press gesture has been received. If so, the routine 200
branches to decision block 224, where a determination may be made as to whether a touched
region associated with the new long press overlaps the target region of the user interface
element. If the new long press overlaps the target region {e.g., if the new long press touches
the same user interface element as the original long press). then the routine 200 branches to
block 230, where drawing of the original animated feedback may be resumed. In various
embodiments, drawing may resume from the last erased coordinate, from the original starting
coordinate, from the last drawn coordinate of the original drawing, or from another
coordinate. The routine 200 then continues at decision block 216 of FIG. 2A.

{00421 If the determination at decision block 222 is that an indication of the start
of a new long press has not been received, or if the determination at decision block 224 15
that the new long press does not overlap the target region of the user interface element, then
the routine 200 branches to decision block 226, where a determination may be made as to
whether the previously drawn animation has been fully erased. I not, the routine 200
branches to block 228, where erasure of the animation may be continued, and then the routine
200 returns to decision block 222 and iterates until the animation is erased or a new long
press of the user interface element is received.

[0043] If the determination at block 226 is that the animation has been fully
erased, then the routine 200 ends. In some embodiments, the routine 200 may output that a

touch interaction with the user interface clement was begun but not completed, and a
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computing device (such as the mobile computing device 100 of FIGS. 1A-1D) may process
this output to determine an appropriate duration for a long press of the user interface element,
provide a “help message” or other feedback on how to invoke the user interface element, or
deterrmne that touch nputs involving the user interface element should be temporarily
discarded in order to prevent accidental touches from invoking the user interface element. In
some embodiments, routine 200 may include displaying a help message after a specified
number of iterations of blocks 214-230, discarding further touch inputs after a specified
number of iterations, or determining a duration of the feedback animation based on the
iterations. In further embodiments, an amimation duration may be determined based on
criteria such as cancellation or reversal of an action associated with invoking the user
interface element.

100441 Turning now to FIG. 3, an example eclipsed region determunation routine
300 will be described. The example routine 300 may be carried out, for example, by the
mobile computing device 100 of FIGS. 1A-1D, and may be carried out in conjunction with or
as pait of the example routine 200 of FIGS. ZA-2B. At block 302, a touched region may be
obtained. For example, the touched region may be associated with a touch gesture, and may
be obtained as part of an operating system event or message regarding the touch gesture.

{0045] At block 304, a centroid or geometric center of the touched region may be
determined. For example, the centroid may be determined by treating the touched region as a
collection of ‘n’ coordinates (X1, y1}, {(x2. y2). . . . {Xa. ¥}, and the centroid may be determined
as the coordinate ((Xy + X2+ ...+ xu) /0, ({yy + v2 + ...+ yuy / n). Other technigues for
determining a centroid are known to those skilled in the art and are within the scope of the
present disclosure.

{00461 At block 306, a longest line that lies within the touched region and that
intersects the centroid may be determined, and at block 308 the slope of the longest line may
be determined. Thereafter, at block 310, the digit used to make the touch gesture and its
spatial orientation may be determiined. For example, a relatively long line having a slope of
30 degrees may lead to a determination that the user’s index finger was vsed to make the

touch gesture, and that the index finger is oriented at a 30 degree angle to the touchscreen. At
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block 312, a position of the user’s hand may be determined based on the position of the digit
used in the touch gesture.

[0047] One skilled in the art will understand that the Interactions carried out at
blocks 304-310 are provided for purposes of example, and that various approaches to
characterizing the size and/or shape of the touched region are within the scope of the present
disclosure. For example, a largest rectangle, oval, or other shape that may be drawn within
the boundaries of the touched region may be determined. As a farther example, the touched
region may be compared to reference models, which may be generated based on simulated or
actual touch interactions in which the position of the hand and/or the digits of the hand are
known. Still further, the position of the user’s hand and/or digits may be modeled in two or
three dimensions using factors such as the spatial oricntation of the touchscreen {e.g..
whether the touchscreen is in a portrait mode or a landscape mode, whether it is being held
vertically or at an angle, and so forth), the amount of pressure applied and/or the size of the
touched region, the geometry of the touched region, or other factors. For example, the
touched region may be relatively small and round, and the routine 300 may thus determine
that the user is “poking” the touchscreen with a finger extended at a nearly perpendicular
angle. Alternatively, the touched region may be relatively long and varrow, and the routine
300 may determine that the user 18 making countact with the side of the thumb. Even further,
in some embodiments, the touched region may be modeled as a region that changes over
time, and the routine 300 may incorporate reference models that change over time (o
determine the specific digit used to make the gesture, the angle and rotation of the digit, and
so forth.

{00481 fn some embodiments, the routine 300 may determine whether the user’s
left hand or right hand 1s being used to make the touch gesture, based on factors such as the
relative position of the user interface element on the touchscreen. For example, the routine
300 may determine, based on the size and angle of the touched region and the relative
position of the user interface element {or its target region), that the user is extending a right
thumb across the touchscreen to make the touch gesture. In further embodiments, the routine
300 may determine a digit or a hand based on the relative size of the touchscreen, user

preference data (e.g., a user preference for left-handed operation), biometric information
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{e.g., a user’s height, weight, and other factors may be used to determine an expected touch
region size, or to determine a likelthood that the user is making a one-handed gesture), or

9

data from a computing device’s camera, accelerometer, or other sensors that may provide
information about the hand or digit used to make the touch gesture.

{00491 At block 314, a region of the touchscreen that is hidden from view by the
user’s hand {(including the digit(s) used to make the touch gesture) may be identified. In some
embodiments, the relative positions of the touchscreen, the user’s hand, and the user’s eyes
may be determined, and the portions of the touchscreen that are hidden from view by the
user’s hand may be determined according to a three-dimensional model, which may take into
account f{actors such as a viewing angle of the touchscreen. In other embodiments, the
relatively short distance between the touchscreen and the user’s hand may be treated as the
dominant factor in determining the size and shape of the eclipsed region.

{0056] At block 316, the eclipsed region that was determined may be output. In
some embodiments, the entire routine 300 may be a subroutine that is called by another
routine, such as the animated visual feedback routine 200 of FIGS. 2A and 2B, and the output
of the routine 300 roay be used by the routine 200. For example, routine 300 may be carried
out as part of blocks 206 and 208 of routine 200, and the eclipsed region may be utilized as
described above to determine an animation starting coordinate.

{0051} FIG. 4 fusther depicts a general architecture of the mobile computing
device 100, which includes an arrangement of computer hardware and software components
that may be used to implement aspects of the present disclosure. The mobile compuling
device 100 roay include many more (or fewer) elements than those shown in FIG. 4. It is not
necessary, however, that all of these elements be shown in order to provide an cnabling
disclosure.

{0052} As illustrated, the mobile computing device 100 includes a processor 402,
a touchscreen interface 404, a network interface 406, and a data store 408, all of which may
communicate with one another by way of a communication bus. The network mterface 406
may provide connectivity to one or more networks (not depicted in FIG. 4) or coroputing
systems and, as a result, may enable the mobile computing device 100 to receive and send

information and instructions from and to other computing systems or services.
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{0053} The processor 402 may also comununicate to and from a mernory 420. The
memory 420 may contain computer program instructions (grouped as modules or components
in some embodiments) that the processor 402 may execute in order to implement one or more
embodiments. The memory 420 generally includes RAM, ROM, and/or other persistent,
auxiliary, or non-transifory compuier-readable media. The memory 420 may store an
operating system 422 that provides computer program instructions for use by the processor
402 in the general administration and operation of the mobile computing device 100. The
memory 420 may further slore specific computer-execuotable iustructions and other
information {(which may be referred to herein as “modules™) for implementing aspects of the
present disclosure. For example, the memory 420 may include a user interface module 424,
which may perform various operations with regard to the touchscreen interface 404. For
cexample, the user interface module 424 may identify particular touch gestures, such as a long
press, and may identify which user interface control was the target of the touch gesture.

{0054] In some embodiments, the memory 420 may include a {eedback animation
module 426 and an eclipsed region determination module 428, which may be executed by the
processor 402 to perform varions operations, such as those operations described with
reference to FIGS. 1A-1D, 2A-2B, and 3.

[0055] While the operating system 422, the user interface module 424, the
feedback animation module 426, and the eclipsed region determination module 428 are
illustrated as distinct modales in the memory 420, in some embodiments, the user interface
module 424, the feedback animation moduole 426, and the eclipsed region determunation
module 428 may be incorporated as modoles in the operating system 422 or another
application or module, and as such, separate modules may not be required to implement some
embodiments. In some embodiments, the user interface module 424, the feedback animation
module 426, and the eclipsed region determination module 428 may be implemented as parts
of a single application.

{0056} It will be recognized that many of the devices described above are optional
and that erabodiments of the mobile computing device 100 may or may vot combine devices.
Furthermore, devices need not be distinct or discrete. Devices may also be reorganized. For

example, the mobile computing device 100 may be represented in a single physical device or
S Y 0 Y ,
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alternatively, may be split into multiple physical devices. Additionally, while referred to
herein as a “mobile” computing device 100, aspects of the present disclosure are not limited
o any particular type of computing device, and may include devices such as desktop
computing devices, laptops, tablets, wearables, gaming consoles, media players, and any
other device capable of implementing aspects of the present disclosure.

{00571 It is to be understood that not necessarily all objects or advantages may be
achieved 1n accordance with any particular embodiment described herein. Thus, {or example,
those skilled in the art will recognize that certain embodiments may be configured to operate
in a roanner that achieves or oplitnizes one advantage or group of advaniages as taught herein
without necessarily achieving other objects or advantages as may be taught or suggested
hercin.

{0058] Al of the processes described herein may be embodied in, and fully
automated via, software code modules, including one or more specific computer-executable
instructions, that are executed by a computing system. The computing system may inclhude
one or more computers or processors. The code modules may be stored in any type of non-
transifory cornputer-readable medium or other computer storage device. Some or all the
methods may be embodied in specialized computer hardware.

{0059] Many other variations than those described herein will be apparent from
this disclosure. For example, depending on the embodiment, certain acts, events, or functions
of any of the algorithms described herein can be performed in a different sequence, can be
added, merged, or left out altogether (e.g., not all described acts or events are necessary for
the practice of the algorithms). Moreover, in certain embodiments, acts or events can be
performed concurrently, e.g., through multi-threaded processing, interrupt processing, or
multiple processors or processor cores or on other parallel architectures, rather than
sequentially. In addition, different tasks or processes can be performed by different machines
and/or computing systems that can function together.

[0060] The varous ilustrative logical blocks and modules described 1n
connection with the embodiments disclosed herein can be implemented or performed by a
machine, such as a processing unit or processor, a digital signal processor (DSP), an

application specific integrated circuit (ASIC), a field programmable gate array (FPGA) or
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other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described herein.
A processor can be a microprocessor, but in the alternative, the processor can be a controller,
microcontroller, or state machine, combinations of the same, or the hike. A processor can
include electrical circuitry configured to process computer-executable instructions. In another
embodiment, a processor includes an FPGA or other programmable device that performs
logic operations without processing computer-executable instructions. A processor can also
be implemented as a combination of computing devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one Or more MICroprocessors in conjunction
with a DSP core, or any other such configuration. Although described herein primarily with
respect to digital technology, a processor may also include primarily analog components. A
computing environment can include any type of computer system, including, but not lirnited
to, a computer system based on a microprocessor, a mainframe computer, a digital signal
processor, a portable computing device, a device controlier, or a computational engine within
an appliance, to name a few.

100611 Conditional language such as, among others, “can,” “counld,” “might” or
“may,” unless specifically stated otherwise, are otherwise understood within the context as
used in general to convey that certain ernbodiments include, while other embodiments do not
include, certain features, elements and/or steps. Thus, such conditional language is not
generally intended to imply that featurcs, clements and/or steps are in any way required for
one or more embodiments or that one or more embodiments necessarily include logic for
deciding, with or without user input or prompting, whether these features, elements and/or
steps are included or are to be performed in any particular embodiment.

{0062} Disjunctive language such as the phrase “at least one of X, Y, or 2. unless
specifically stated otherwise, is otherwise understood with the context as used in general to
present that an item, term, etc., may be cither X, Y, or Z, or any combination thereof (e.g., X,
Y, and/or £}. Thus, such disjunctive language is not generally intended to, and should not,
imply that certain embodiments require at least one of X, at least one of Y, or at least one of

Z.to each be present.
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{0063} Any process descriptions, elements or blocks in the flow diagrams
described herein and/or depicted in the attached figures should be understood as potentially
representing modules, segments, or portions of code which include one or more executable
instructions for implementing specific logical functions or elements in the process. Alternate
implementations are included within the scope of the embodiments described herein in which
clements or functions may be deleted, executed out of order from that shown, or discussed,
including sobstantially concurrently or in reverse order, depending on the {unctionality
involved as would be understood by those skilled in the art.

{00641 Unless otherwise explicitly stated, articles such as “a” or “an” shounld
gencerally be interpreted to include one or more described items. Accordingly, phrases such as
“a device configured 107 are intended to include one or more recited devices. Such one or
more recited devices can also be collectively configured to carry out the stated recitations.
For example, “a processor configured to carry out recitations A, B and 7 can include a first
processor configured o carry out recitation A working in conjunction with a second
processor configured to carry out recitations B and C.

{0065} Examples of the embodiments of the present disclosure can be described
in view of the following clauses:

{0066} 1. A computer-implemented method comprising: causing display, on a
touchscreen, of a user interface element, wheren the user interface element is associated with
a target region of the touchscreen; receiving an indication of a start of a long press in
association with the touchscreen, the indication comprising at least a touched region of the
touchscreen, wherein the long press comprises physical contact with the touched region that
exceeds a threshold duration; determining that the touched region overlaps the target region
of the user interface element; determining a spatial orientation of the touched region, wherein
the spatial orientation of the touched region represents an estimated position of a digit on a
hand of a user relative to the touchscreen; determining, based at least in part on the spatial
orientation of the touch coordinate region, an echipsed sub-region of the target coordinate
region, the eclipsed sub-region representing a portion of the aser interface element that is
estimated to be covered {rom view by the digit; determining, based at least in part on the

eclipsed sub-region, an animation starting coordinate that is not covered by the digit; and
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causing a display of animated {feedback during the long press, wherein the animated feedback
starts at the animation starting coordinate.

[0067] 2. The computer-implemented method of Clause 1, wherein the animated
feedback comprises at least one of an outline, a distortion, a fill effect, or a color change.

{0681 3. The computer-implemented method of Clause 1, wherein the animated
feedback 1s drawn 1o at least one of a clockwise direction around the user interface element or
a counterclockwise direction around the user interface element.

{00691 4. The computer-implemented method of Clause 1, wherein determining
a spatial orientation of the touch coordinate region comprises: determining a centroid of the
touch coordinate region; determining a longest line within the touch coordinate region that
intersects the centroid; and identifying a slope of the longest line as the spatial orientation of
the touch coordinate region.

{0070] 5. A system comprising: a memory; a touchscreen; a processor in
communication with thc memory and the touchscreen; computer-executable instructions
stored in the memory that, when executed by the processor, configure the processor to:
receive, from the touchscreen, a touch input, the touch input specifying at least a touched
region of the touchscreen; determine that the touched region overlaps a target region of a user
interface element displayed on the touchscreen; determiine, based at least in part on the
touched region, an estimated spatial orientation of a digit on a hand of a user; determine,
based at least in part on the spatial orientation of the digit of the hand of the user, an eclipsed
portion of the user interface clement, the cclipsed portion of the user interface clement
corresponding to a portion of the user interface element that is estimated to be covered from
view by the digit; determine, based at least in part on the eclipsed portion of the user interface
clement, a starting coordinate for a display of animated feedback; and cause a display of the
animated feedback to start at the starting coordinate.

10071} 6. The system ol Clause 5, wherein the starting coordinate is determined
based at least in part on a distance from the eclipsed portion of the user interface clement.

[0072] 7. The system of Clause 6, wherein the distance is a furthest distance

from the eclipsed portion within the target region.
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{0073] 8. The system of Clause 5, wherein the spatial orientation of the digit is
determined based at least in part on a position of the target region relative to an edge of the
touchscreen.

{00741 9. The system of Clause 5, wherein the processor is further configured to
determine a digit identification based at Jeast in part on a size of the touched region.

{00751 10. The system of Clause 9, wherein the digit identification is a thumb, an
index finger, a middle finger, a ring finger, or a pinky finger.

10076] 11. The system of Clause 9, wherein the eclipsed portion of the user
interface element 1s determined based at least in part on the digit identification.

{00771 12. The system of Clause 5, wherein the processor is {urther configured to
determine a hand identification based at least in part on the spatial orientation of the digit.

[0078] 13. The system of Clause 12, wherein the hand identification is a left hand
or a right hand.

{0079] 14. The systern of Clause 12, wherein the eclipsed portion of the user
interface element s determined based at least in part on the hand identification.

{0080] 15. A non-transient compuier-readable medium containing computer-
executable nstructions that, when executed by a processor, configure the processor to at
least: receive an indication of a start of a touch gesture, the indication specifying at least (a) a
touched set of coordinates on a touchscreen interface and (b) a user interface clement
associated with the touched set of coordinates; determune, based at least in part on the
touched set of coordinates, an cclipsed set of coordinates of the user interface element, the
eclipsed sct of coordinates defining a portion of the user interface clement blocked from view
as a result of the touch gesture; determine, based at least in part on the eclipsed set of
coordinates of the user interface element, a starting coordinate for a feedback animation; and
cause display of the feedback animation to start at the starting coordinate.

{00811 16. The noon-transient computer-readable medium of Clause 15, wherein
the touched set of coordinates intersects a target set of coordinates of the user interface

clement.
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[0082] 17. The non-transient compaier-readable mediom of Clause 15, wherein
the eclipsed set of coordinates 1s determined based at least in part on a spatial orientation of
the touched set of coordinates.

[0083] 18. The non-transient computer-readable medium of Clause 15, wherein
the processor is further configured to determine, based at least in part on the touched set of
coordinates, a duration of the feedback animation.

{00841 19. The non-transient computer-readable medium of Clause 15, wherein a
duration of the feedback animation is determined based at least in part on a size of the
touched set of coordinates.

10085 20 The non-transient computer-readable medium of Clause 15, wherein a
duration of the feedback animation is determined based at least in part on one or wore
previous touch gestures associated with the user interface clement.

[0086] 21. The non-transient computer-readable medium of Clause 15, wherein
the processor is further configured to: identify a set of visible coordinates of the user interface
element; identify a most eclipsed coordinate, the most eclipsed coordinate corresponding to a
coordinate in the eclipsed set of coordinates that is fuirthest from a visible coordinate; wherein
the starting coordinate for the feedback animation is determined based at least in part on the
most eclipsed coordinate.

{00871 22.The non-transient computer-readable medium of Clause 15, wherein
the processor is further configured to: cause the display of the feedback animation to continue
until completion; and cause display of a notification on the touchscreen interface, the

notification indicating completion of an interaction with the user interface element.
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WHAT IS CLAIMED 1S:

I A computer-implemented method comprising:

cansing display, on a touchscreen, of a user interflace element, wherein the
user inter{ace element s associated with a target region of the touchscreen;

receiving an indication of a start of a long press in association with the
touchscreen, the indication comprising at least a touched region of the touchscreen,
wherein the long press comprises physical contact with the touched region that
exceeds a threshold duration:

determining that the touched region overlaps the target region of the user
interface element:

defermining a spatial orientation of the touched region, wherein the spatial
orientation of the touched region represents an estimated position of a digit on a hand
of a user relative to the touchscreen;

determining, based at lcast in part on the spatial orientation of the touch
coordinate region, an eclipsed sub-region of the target coordinate region, the eclipsed
sub-region representing a portion of the user interface element that is estimated to be
covered {rom view by the digit;

determining, based at least in part on the eclipsed sub-region, an animation
starting coordinate that is not covered by the digit; and

cansing a display of animated feedback during the long press, wherein the
animated feedback starts at the animation starting coordinate.

2. The computer-implemented method of Claim 1. wherein the animated
‘eedback comprises at least one of an cutline, a distortion, a fill effect, or a color change.

3. The computer-implemented method of Claim 1, wherein the animated
feedback 1s drawn 1o at least one of a clockwise direction around the user interface element or
a counterclockwise direction around the user interface element.

4. The computer-umplemented method of Claim 1, wherein determining a spatial
orientation of the touch coordinate region comprises:

determining a centroid of the touch coordinate region;

4
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determining a longest line within the touch coordinate region that intersects
the centroid: and
wdentifying a slope of the longest line as the spatial orientation of the touch
coordinate region.
5. A system comprising:
a memory;
a touchscreen;
a processor in communication with the memory and the touchscreen;
computer-executable instructions stored 1 the memory that, when executed by
the processor, configure the processor to:
receive, from the touchscreen, a touch input, the touch 1oput specifying
at least a touched region of the touchscreen;
determine that the touched region overlaps a target region of a user
interface clement displayed on the touchscreen;
determine, based at least in part on the touched region, an estimated
spatial orientation of a digit on a hand of a user;
determine, based at least in part on the spatial orientation of the digit
of the hand of the user, an eclipsed portion of the user interface element, the
eclipsed portion of the user interface element corresponding to a portion of the
user interface element that is estimated to be covered from view by the digit;
determine, based at least in part on the cclipsed portion of the user

interface element, a starting coordinate for a display of animated feedback;

and
causc a display of the animated feedback to start at the starting
coordinate.
6. The system of Claim 5, wherein the starling coordinate is determined based at

least 1o part on a distance from the eclipsed portion of the user interface element.
7. The system of Claim 6, wherein the distance is a furthest distance from the

eclipsed portion within the target region.
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8. The system of Claim 5, wherein the spatial orientation of the digit is
determined based at least in part on a position of the target region relative to an edge of the
touchscreen.

9. The system of Claim 5, wherein the processor is further configured to
determine a digit identification based at least in part on a size of the touched region.

10. The system of Claim 9, wherein the digit identification is a thumb, an index
finger, a middle finger, a ring finger, or a pinky finger.

11 The system of Claim 9. wherein the eclipsed portion of the user interface
element is determined based at least in part on the digit identification.

12. The system of Claim 5, wherein the processor is further configured to

determine a hand identification based at least in part on the spatial orientation of the digit.

13. The system of Claim 12, wherein the hand identilication 1s a left hand or a
right hand.
14. The systern of Claim 12, wherein the eclipsed portion of the user interface

clement is determined based at least in part on the hand identification.
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