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INK RENDERING
BACKGROUND
[0001] The way in which users are able to interact with computing device is ever
increasing. For example, keyboards were originally provided so that a user could type
inputs to a computer. Cursor control devices (e.g., a “mouse”) were subsequently
developed to enable users to interact with the computing device via a graphical user
interface.
[0002] However, these and subsequent techniques that were developed for user
interaction may still have an artificial “look and feel” to the user. For example, traditional
techniques that were utilized to render ink strokes by a computing device may be rendered
to look artificial. Additionally, traditional techniques that were developed to provide a
more realistic look to the ink strokes may make the strokes unsuitable for other
applications, such as ink analysis. Accordingly, traditional techniques often forced
developers to decide between a realistic look having limited functionality or increased
functionality but a relatively artificial appearance.
SUMMARY
[0003] Ink rendering techniques are described. In an implementation, an input is
recognized by one or more modules that are executable on one or more processors of a
computing device as an ink stroke to be rendered by a display device of the computing
device. The ink stroke is built by the one or more modules using a strip of triangles and
the strip of triangles is sent to a graphics processing unit to render the ink stroke.
[0004] In implementations, an input is recognized by one or more modules that are
executable on one or more processors of a computing device as an ink stroke to be
rendered by a display device of the computing device. A speed and a pressure are
determined that correspond to a point in the ink stroke and a display characteristic is
adjusted of the point in the ink stroke for rendering of the point based on the determined
speed and pressure.
[0005] In implementations, an input is recognized by one or more module executable on
one or more processors of a computing device as an ink stroke to be rendered by a display
device of the computing device. Data of the input is encoded by encoding data describing
a width of the ink stroke in pixels at a vertex, encoding data describing whether the vertex
describes a left edge or a right edge of the ink stroke, and encoding data describing an
anti-alias thickness in pixels to be applied to one or more said edges of the ink stroke at

the vertex. The encoded data is passed to a graphics processing unit as part of a geometry
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of the ink stroke to compute an alpha value by the graphics processing unit to produce an

anti-aliasing effect based on the encoded data.

[0006] In implementations, a mask stroke is drawn to a stencil buffer of a graphics

processing unit to indicate which pixels are involved in the mask stroke. One or more ink

strokes are drawn that logically correspond to the mask stroke by

drawing pixels of the one or more inks strokes that do not correspond to the pixels that are

involved in the mask stroke as indicated by the stencil buffer and not drawing pixels of the

one or more ink strokes that do correspond to the pixels that are involved in the mask

stroke as indicated by the stencil buffer.

[0007] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor is

it intended to be used as an aid in determining the scope of the claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The detailed description is described with reference to the accompanying figures.

In the figures, the left-most digit(s) of a reference number identifies the figure in which the

reference number first appears. The use of the same reference numbers in different

instances in the description and the figures may indicate similar or identical items.

[0009] FIG. 1 is an illustration of an environment in an example implementation that is

operable to employ ink rendering techniques described herein.

[0010] FIG. 2 is an illustration of an example system showing an ink rendering module

of FIG. 1 as being implemented using in an environment where multiple devices are

interconnected through a central computing device.

[0011] FIG. 3 is an illustration of a system in an example implementation of a geometry

module of an input/output module of FIG. 1 in which an ink stroke is built from a

geometry.

[0012] FIG. 4 illustrates a system in an example implementation of a gecometry module

of an input/output module of FIG. 1 in which ink strokes built from respective geometries

are stitched together.

[0013] FIG. 5 is a flow diagram depicting a procedure in an example implementation in

which ink rendering techniques involving geometry of an ink stroke are described.

[0014] FIG. 6 illustrates a system in an example implementation of a pressure and speed

module of the input/output module of FIG. 1 in which pressure and speed are utilized to

adjust display characteristics of an ink stroke.
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[0015] FIG. 7 is a flow diagram depicting a procedure in an example implementation in
which ink rendering techniques involving pressure and speed of an ink stroke are
described.

[0016] FIG. 8 depicts a system in an example implementation of an anti-aliasing module
of the input/output module of FIG. 1 in which encoding techniques are employed to
provide anti-aliasing functionality to an ink stroke.

[0017] FIG. 9 depicts a system in an example implementation in which a masking
module is implemented to erase part of an ink stroke.

[0018] FIG. 10 is a flow diagram depicting a procedure in an example implementation in
which masking stroke techniques are employed to erase a portion of an ink stroke.

[0019] FIG. 11 depicts a procedure in an example implementation in which a highlighter
module of FIG. 1 is implemented to highlight an ink stroke.

[0020] FIG. 12 illustrates various components of an example device that can be
implemented as any type of portable and/or computer device as described with reference

to FIGS. 1-2 to implement embodiments of the ink rendering techniques described herein.

DETAILED DESCRIPTION

Overview
[0021] Traditional techniques that were utilized to render ink strokes by a computing
device may end up looking artificial. Additionally, techniques that were developed to
provide a more realistic look to the ink strokes may make the strokes unsuitable for other
applications, such as ink analysis. Accordingly, traditional techniques often forced
developers to decide between a realistic look having limited functionality or increased
functionality but a relatively artificial appearance.
[0022] Ink rendering techniques are described. In implementations, ink rendering
techniques are provided that may produce realistic looking ink, but still allow for ink
analysis to run based on geometric representation of the ink stroke, such as through vector
rendering by building the ink stroke using a strip of triangles. These techniques may be
used to emulate paper, pen, and drawing characteristics (e.g., pressure and speed) through
the use of pixel shaders and textures, which may then be applied to ink strokes for
rendering. In this way, realistic ink rendering effects may be utilized while still supporting
ink analysis, e.g., for search and indexing. Further discussion of a variety of different ink

rendering techniques may be found in relation to the following sections.
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[0023] In the following discussion, an example environment is first described that is
operable to employ the ink rendering techniques described herein. Example illustrations
of the techniques and procedures are then described, which may be employed in the
example environment as well as in other environments. Accordingly, the example
environment is not limited to performing the example techniques and procedures.
Likewise, the example techniques and procedures are not limited to implementation in the
example environment.

Example Environment

[0024] FIG. 1 is an illustration of an environment 100 in an example implementation
that is operable to employ ink rendering techniques. The illustrated environment 100
includes an example of a computing device 102 that may be configured in a variety of
ways. For example, the computing device 102 may be configured as a traditional
computer (e.g., a desktop personal computer, laptop computer, and so on), a mobile
station, an entertainment appliance, a set-top box communicatively coupled to a television,
a wireless phone, a netbook, a game console, and so forth as further described in relation
to FIG. 2. Thus, the computing device 102 may range from full resource devices with
substantial memory and processor resources (€.g., personal computers, game consoles) to a
low-resource device with limited memory and/or processing resources (e.g., traditional
set-top boxes, hand-held game consoles). The computing device 102 may also relate to
software that causes the computing device 102 to perform one or more operations.

[0025] The computing device 102 is illustrated as including an input/output module 104.
The input/output module 104 is representative of functionality relating to inputs and
outputs of the computing device 102. For example, the input/output module 104 may be
configured to receive inputs from a keyboard, mouse, to identify gestures and cause
operations to be performed that correspond to the gestures, and so on. The inputs may be
identified by the input/output module 104 in a variety of different ways.

[0026] For example, the input/output module 104 may be configured to recognize an
input received via touchscreen functionality of a display device 106, such as a finger of a
user’s hand 108 as proximal to the display device 106 of the computing device 102, from a
stylus 110, and so on. The input may take a variety of different forms, such as to
recognize movement of the stylus 110 and/or a finger of the user’s hand 108 across the
display device 106, such as a tap, drawing of a line, and so on. In implementations, these

inputs may be recognized as gestures.
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[0027] Although the following discussion may describe specific examples of inputs, in
instances the types of inputs may be switched (e.g., touch may be used to replace stylus
and vice versa) and even removed (¢.g., both inputs may be provided using touch or a
stylus) without departing from the spirit and scope thereof. Further, although in instances
in the following discussion the gestures are illustrated as being input using touchscreen
functionality, the gestures may be input using a variety of different techniques by a variety
of different devices, such as through detection by a camera as part of a natural user
interface (NUI).

[0028] The computing device 102 is further illustrated as including an ink rendering
module 112 that is representative of functionality to apply a variety of different techniques
to render an ink stroke 114, ¢.g., for display on the display device 106 of the computing
device 102. Examples of these techniques are represented by a geometry module 116, a
pressure and speed module 118, an anti-aliasing module 120, a masking module 122, and a
highlighter module 124. Further discussion of each of these techniques may be found in a
corresponding section in the implementations examples below the follows the example
environment.

[0029] FIG. 2 illustrates an example system 200 that includes the computing device 102
as described with reference to FIG. 1. The example system 200 enables ubiquitous
environments for a seamless user experience when running applications on a personal
computer (PC), a television device, and/or a mobile device. Services and applications run
substantially similar in all three environments for a common user experience when
transitioning from one device to the next while utilizing an application, playing a video
game, watching a video, and so on.

[0030] In the example system 200, multiple devices are interconnected through a central
computing device. The central computing device may be local to the multiple devices or
may be located remotely from the multiple devices. In one embodiment, the central
computing device may be a cloud of one or more server computers that are connected to
the multiple devices through a network, the Internet, or other data communication link. In
one embodiment, this interconnection architecture enables functionality to be delivered
across multiple devices to provide a common and seamless experience to a user of the
multiple devices. Each of the multiple devices may have different physical requirements
and capabilities, and the central computing device uses a platform to enable the delivery of
an experience to the device that is both tailored to the device and yet common to all

devices. In one embodiment, a class of target devices is created and experiences are
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tailored to the generic class of devices. A class of devices may be defined by physical
features, types of usage, or other common characteristics of the devices.

[0031] In various implementations, the client device 102 may assume a variety of
different configurations, such as for computer 202, mobile 204, and television 206 uses.
Each of these configurations includes devices that may have generally different constructs
and capabilities, and thus the computing device 102 may be configured according to one
or more of the different device classes. For instance, the computing device 102 may be
implemented as the computer 202 class of a device that includes a personal computer,
desktop computer, a multi-screen computer, laptop computer, netbook, and so on.

[0032] The computing device 102 may also be implemented as the mobile 202 class of
device that includes mobile devices, such as a mobile phone, portable music player,
portable gaming device, a tablet computer, a multi-screen computer, and so on. The
computing device 102 may also be implemented as the television 206 class of device that
includes devices having or connected to generally larger screens in casual viewing
environments. These devices include televisions, set-top boxes, gaming consoles, and so
on. The ink rendering techniques described herein may be supported by these various
configurations of the client device 102 and are not limited to the specific examples of ink
rendering techniques described herein.

[0033] The cloud 208 includes and/or is representative of a platform 210 for content
services 212. The platform 210 abstracts underlying functionality of hardware (e.g.,
servers) and software resources of the cloud 208. The content services 212 may include
applications and/or data that can be utilized while computer processing is executed on
servers that are remote from the client device 102. Content services 212 can be provided
as a service over the Internet and/or through a subscriber network, such as a cellular or
Wi-fi network.

[0034] The platform 210 may abstract resources and functions to connect the computing
device 102 with other computing devices. The platform 210 may also serve to abstract
scaling of resources to provide a corresponding level of scale to encountered demand for
the content services 212 that are implemented via the platform 210. Accordingly, in an
interconnected device embodiment, implementation of functionality of the ink rendering
module 112 may be distributed throughout the system 200. For example, the ink
rendering module 112 may be implemented in part on the computing device 102 as well as

via the platform 210 that abstracts the functionality of the cloud 208.
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[0035] Generally, any of the functions described herein can be implemented using
software, firmware, hardware (e.g., fixed logic circuitry), or a combination of these
implementations. The terms “module,” “functionality,” and “logic” as used herein
generally represent software, firmware, hardware, or a combination thereof. In the case of
a software implementation, the module, functionality, or logic represents program code
that performs specified tasks when executed on a processor (e.g., CPU or CPUs). The
program code can be stored in one or more computer readable memory devices. The
features of the ink rendering techniques described below are platform-independent,
meaning that the techniques may be implemented on a variety of commercial computing
platforms having a variety of processors.

Ink Rendering Implementation Examples

[0036] A variety of ink rendering techniques is described. In implementations, the ink
rendering techniques are provided that may produce realistic looking ink, but still allow
for ink analysis to run based on geometric representation of the ink stroke, such as through
vector rendering by building the ink stroke using a strip of triangles. These techniques
may be used to emulate paper, pen, and drawing characteristics (e.g., pressure and speed)
through the use of pixel shaders and textures, which may then be applied to ink strokes for
rendering. In this way, realistic ink rendering effects may be utilized while still supporting
ink analysis, e.g., for search and indexing. Although the following discussion is separated
for the sake of organization, it should be readily apparent that these techniques may be
combined and/or further divided without departing from the spirit and scope thereof.

Geometric Representation of Ink Strokes

[0037] FIG. 3 depicts a system 300 in an example implementation of the geometry
module 116 of the input/output module 112 of FIG. 1 in which an ink stroke is built from a
geometry. In this example, functionality of the ink rendering module 112 is implemented
using a processor 302 and a graphics processing unit 304 of the computing device 102 of
FIG. 1. The geometry module 116 is illustrated as one or more executable modules that
are executed by the processor 302, which may be implemented as a general purpose
processor of the computing device 102. For example, the general purpose processor may
execute an operating system that abstracts functionality of the computing device 102 for

use by the geometry module 116.
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[0038] The processor 302 is not limited by the materials from which it is formed or the
processing mechanisms employed therein. For example, processor 302 may be
representative of one or more processors composed of one or more cores. Further, the
processor 302 may be comprised of semiconductor(s) and/or transistors (e.g., electronic
integrated circuits (ICs)). In such a context, processor-executable instructions may be
electronically-executable instructions. Alternatively, the mechanisms of or for processors,
and thus of or for a computing device, may include, but are not limited to, quantum
computing, optical computing, mechanical computing (e.g., using nanotechnology), and so
forth. Additionally, although the geometry module 116 is illustrated as being executed on
the processor 302, the geometry module 116 may be maintained in a computer-readable
medium, e.g., a storage medium such as random access memory (RAM), hard disk
memory, removable medium memory, and other types of computer-readable media.
[0039] The geometry module 116 is illustrated as receiving an input that describes an ink
stroke. The input may be received in a variety of ways, such as detection of a finger of the
user’s hand 108 or stylus 110 using touchscreen functionality of the computing device
102, via a camera in a natural user interface, and so on. The geometry module 116 is then
illustrated as representing the ink stroke 306 using vectors.

[0040] In this example, the ink stroke 306 is built as a strip of triangles 308. To build the
strip of triangles 308, two vertices are added which are spaced apart by a width of the ink
stroke and tangential to a direction of the stroke. These vertices may then be attached to a
previous or subsequent vertex in a previous or subsequent tangential line to form the
triangles. Addition functionality may also be employed to represent the ink stork 306,
such as through the use of stamps as described in greater detail in relation to FIG. 5.
[0041] The strip of triangles 308 may then be passed to a graphics processing unit 304 for
rendering by the display device 106. In an implementation, the strip of triangles 308 is
passed via a single call to the graphics processing unit 304, thereby conserving resources
of the computing device 102. Textures and/or pixels shaders may also be employed to
emulate paper, pen, and other drawings characteristics, examples of which may be found
in the following sections. In this way, ink analysis techniques (e.g., search and indexing)
may still be applied to the ink stroke 306 using the strip of triangles 308 and yet provide a
realistic representation of the ink stroke. Further, the representation of the ink stroke 306
(e.g., the strip of triangles 308) may be combined with representations of other ink strokes
to further optimize performance of the computing device 102, an example of which may

be found in relation to the following figure.
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[0042] FIG. 4 depicts a system 400 in an example implementation of the geometry
module 116 of the input/output module 112 of FIG. 1 in which ink strokes built from
respective geometries are stitched together. Ink strokes 402 in this example are combined
together into an even larger triangle strip. In this way, strokes 402 may be combined to
make a single “draw” call to draw a large number of strokes at once by the graphics
processing unit 304.

[0043] To do this, a stitching technique may be utilized. As shown in the strips of
triangles 404, degenerate triangles may be introduced into the strip. The triangles may be
introduced to provide a variety of functionality, such as to combine geometry that does not
share a common vertex.

[0044] In the illustrated example, the strips of triangles 404 involve stitching that takes
place to connect the circular stamps at specific points along the stroke. The circular
stamps are used to represent portions of the ink stroke 402 that exhibit a bend that is
greater than a threshold amount. In this way, the bend may be represented by a simplified
geometry at those instances over a multitude of triangles that would otherwise be used to
represent the ink stroke 402.

[0045] The stitches are illustrated using straight lines in the strip of triangles 404 in FIG.
4 that connect the geometry together in the illustrated example. In implementations, the
stitches are not rendered but rather are utilized to provide a relationship that supports the
single draw call to the graphics processing unit 304 as previously described. Further
discussion of stitching may be found in relation to the following procedure.

[0046] FIG. 5 depicts a procedure in an example implementation in which ink rendering
techniques involving geometry of an ink stroke are described. The following discussion
describes ink rendering techniques that may be implemented utilizing the previously
described systems and devices. Aspects of each of the procedures may be implemented in
hardware, firmware, software, or a combination thereof. The procedures are shown as a
set of blocks that specify operations performed by one or more devices and are not
necessarily limited to the orders shown for performing the operations by the respective
blocks. In portions of the following discussion, reference will be made to the environment

100 of FIG. 1 and the systems 300, 400 of FIGS. 3 and 4, respectively.
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[0047] An input is recognized as an ink stroke to be drawn by a display device of a
computing device (block 502). For example, touchscreen functionality of the computing
device 102 may be used to detect a finger of a user’s hand 108, a stylus 110, and so on. In
another example, the input may be recognized as a gesture input through interaction with a
natural user interface. A variety of other examples are also contemplated.

[0048] The ink stroke is built using a strip of triangles (block 504). The geometry
module 116, for instance, may position vertices of the triangles that are spaced apart by a
width of the ink stroke and are at a tangent to a direct of the ink stroke at points in the ink
stroke. In some instances, however, representation of the ink stroke in this manner may
result in use of resources that is greater than if done using other representations.
Accordingly, other representations may also be employed to represent the ink stroke.
[0049] For example, responsive to an identification that a bend in the ink stroke exceeds
a threshold, the bend may be replaced with a stamp having a geometry of the bend (block
506). In this way, a single geometric representation may be utilized in such an instance.
[0050] Likewise, a beginning and an end of the ink stroke may be described using a
stamp, respectively (block 508). As shown in FIG. 3, for instance, the beginning and end
of the ink stroke 306 may be represented using a rounded geometry to provide a realistic
look to the ink stroke that otherwise would be represented using a multitude of triangles.
It should be readily apparent, however, that other implementations are also contemplated,
such as to represent the beginning, end, and/or bends of the ink stroke using triangles as
described previously.

[0051] Further the ink stroke may be stitched with another ink stroke (block 510). As
described in relation to FIG. 4, the stitching may be utilized to combine strips of triangles
for use in a single draw call to the graphics processing unit 304 thus conserving resources
and increasing efficiency of the computing device 102.

[0052] The strip of triangles is then sent to the graphics processing unit to render the ink
stroke (block 512). In this way, the geometry of the ink stroke may be described in a
manner that supports ink analysis. Further, the geometry may also support techniques that
may be utilized to provide a realistic appearance of the ink stroke, ¢.g., textures and
functionality of a pixel shader. Examples of display characteristics that may be supported

using the geometry may be found in relation to the following section.
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Pressure and Speed Techniques for Rendering Ink

[0053] FIG. 6 depicts a system 600 in an example implementation of the pressure and
speed module 118 of the input/output module 112 of FIG. 1 in which pressure and speed
are utilized to adjust display characteristics of an ink stroke. A variety of other factors
may be used regarding display characteristics of a line 602 beyond just the actual line that
is to be drawn, which in the illustrated instance is a freeform line drawn using a stylus 110.
[0054] For example, when drawing a line using traditional pen and paper, characteristics
such as a speed and pressure may affect how the line is drawn, such as a width of the line,
opacity of the line, absorption of ink of the line by the paper, and so on. Accordingly, the
pressure and speed module 118 may be configured to adjust display characteristics of the
line 602 based on the pressure and speed to mimic a “look and feel” of pen on paper,
further discussion of which may be found in relation to the following figure.

[0055] FIG. 7 is a flow diagram depicting a procedure in an example implementation in
which ink rendering techniques involving pressure and speed of an ink stroke are
described. The following discussion describes ink rendering techniques that may be
implemented utilizing the previously described systems and devices. Aspects of each of
the procedures may be implemented in hardware, firmware, software, or a combination
thereof. The procedures are shown as a set of blocks that specify operations performed by
one or more devices and are not necessarily limited to the orders shown for performing the
operations by the respective blocks. In portions of the following discussion, reference will
be made to the environment 100 of FIG. 1 and the system 600 of FIG. 6.

[0056] An input is recognized as indicating an ink stroke (block 702). As previously
described, touchscreen functionality, NUI functionality, and so on may be utilized to
detect an input that indicates that an ink stroke is to be rendered by the computing device
102.

[0057] Speed and pressure that correspond to a point in the ink stroke are determined
(block 704). For example, the computing device 102 may detect the speed based on how
fast a finger of the user’s hand 108, a stylus 110, and so on is moved across the display
device 106 using touchscreen functionality. Other examples are also contemplated, such
as to determine speed in a natural user interface (NUI).

[0058] Likewise, an amount of pressure may also be determined in a variety of ways,
such as pressure sensors disposed beneath the display device 106, a strain gauge, detecting

a change in surface area of a source of the input (e.g., from pressing a finger of the user’s
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hand 108 harder and softer against the display device), from a peripheral (e.g., a pressure
sensor of the stylus 110), and so on.
[0059] One or more display characteristics are adjusted of the point in the ink stroke
based on the determined speed and pressure (block 706). For example, the display
characteristics may be adjusted to mimic an effect of speed and pressure on ink written by
traditional pen and paper.
[0060] The determined speed and pressure, for instance, may affect opacity of the point
in the ink stroke based on the determined speed and pressure (block 708). Thus, in this
example as the speed increases the opacity may decrease to mimic a lesser amount of ink
being deposited on the paper. However, as the pressure increases so to may the opacity to
mimic an increase in an amount of ink being applied to the paper. Thus, these factors may
have a different effect on the ink that is to be rendered by the computing device 102.
[0061] The opacity of a point in an ink stroke, for instance, may be defined using the
following expression:

O’ =0 *f(P) *(S)
where “O’” is the computed opacity for a point, “O” is a maximum opacity of the ink
stroke, “P,” is a pressure at the point, and “S” is a speed at the point. In an
implementation, function “f” may be used to attenuate pressure and/or speed.
[0062] For example, the following attenuation expression may be employed as function
“f” in the above expression:

f(x) = min(1, max(0, a0 + (x * al) + (x * x ¥ a2) + (x * x * x * a3)))

in which x represents a value for pressure or speed to be attenuated, a0 represents constant
attenuation, al represents linear attenuation, a2 represents squared attenuation, and a3
represents cubed attenuation.
[0063] Likewise, the width of the point in the ink stroke may be affected based on the
determined speed and pressured (block 710). In this example, as the speed increases the
width of the ink stroke may decrease to mimic a lesser amount of ink being deposited on
the paper. However, as the pressure increases the width of the ink stroke may be increased
to mimic an increase in an amount of ink being applied to the paper.
[0064] As above, the width of a point in an ink stroke may be defined using the
following expression:

W’ =W *{(P) * {(S)
in which “W’” is the computed opacity for a point, “W” is a maximum width of the ink

stroke, “P,” is a pressure at the point, and “S” is a speed at the point.

12



10

15

20

25

30

WO 2011/159461 PCT/US2011/038579

[0065] Additionally, function “f” may also be used to attenuate pressure and/or speed on
the display characteristic, which is width in this example. As in the previous example for
opacity, the following attenuation expression may be employed as the function “f” in the
above expression:

f(x) = min(1, max(0, a0 + (x * al) + (x * x ¥ a2) + (x * x * x * a3)))
in which x represents a value for pressure or speed to be attenuated, a0 represents constant
attenuation, al represents linear attenuation, a2 represents squared attenuation, and a3
represents cubed attenuation.
[0066] Ink absorption of the point in the ink stroke may also be affected based on the
determined speed and pressure (block 712), such as to mimic different and/or changing
absorbencies of a medium that is being written upon, e.g., paper and the grains that makes
up the paper.
[0067] The absorption value (e.g., “A’”) of a point in an ink stroke may be defined using
the following expression:

A’ =A1(P) * f(S)

in which “P,” is a pressure at the point and “S” is a speed at the point. Function “f” as
described above may also be used to attenuate pressure and/or speed on the display
characteristic.
[0068] In this example, the absorption value may be passed to a pixel shader of the
graphics processing unit to affect a final alpha value of a point in the ink stroke to be
rendered. Additionally, this effect may be applied after an alpha value is computed for
other purposes, such as anti-aliasing as further described in the corresponding section
below. For example, a final alpha value may be computed by the graphics processing unit
using the following expression:
final alpha = alpha * min(1, absorption / grain),
where alpha is an alpha value for anti-aliasing effect at given pixel, absorption is equal to
an absorption value for ink at given pixel, and grain is equal to a paper grain value, which
may be represented as a height map and sampled as a two dimensional texture. A variety
of other display characteristics are also contemplated without departing from the spirit and
scope thereof.
[0069] The point in the ink stroke is output for display on a display device having the
one or more display characteristics to which the determined speed and pressure were used
to adjust (block 712). Another point in the ink stroke is selected (block 716), if available

and the process is repeated. Continuing with the previous example, the point may be
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output by the graphics processing unit 304 for display by the display device with other
points to render the ink stroke.

Anti-aliasing Techniques for Rendering Ink

[0070] FIG. 8 depicts a system 800 in an example implementation of the anti-aliasing
module 120 of the input/output module 112 of FIG. 1 in which encoding techniques are
employed to provide anti-aliasing functionality to an ink stroke. Anti-aliasing techniques
are generally employed to smooth jagged edges of lines. In this example, the anti-aliasing
techniques involve encoding extra data into vertices of the ink stroke, which may be
performed as follows.

[0071] Data is encoded to provide anti-aliasing functionality to an ink stroke to be
rendered by a computing device (block 802). For example, a value “AA” may be a float
vector that is defined to store anti-alias data at each vertex in the stroke. Data may be
encoded that describes a width of the ink stroke in pixels at a vertex (block 804), which
may be represented as “AA.x.”

[0072] Data may also be encoded that describes whether the vertex refers to a left edge
or a right edge of the ink stroke (block 806). For example, a value “AA.y” may be set to
“0.0” if the vertex represents a left edge of the ink stroke or set to “1.0” if the vertex
references a right edge of the ink stroke.

[0073] Data may also be encoded that describes an anti-alias thickness in pixels to be
applied to one or more edges of the ink stroke at the vertex (block 808). For example, a
value “AA.z” may describe a number of pixels to be applied to each edge of the ink stroke.
A variety of other data may be encoded to vertices to be leveraged by anti-aliasing
techniques.

[0074] The encoded data is passed to a vertex shader as part of a geometry of the ink
stroke (block 810). As described in relation to FIGS. 3-5, the geometry of an ink stroke
may be represented using a strip of triangles and stamps to enable ink analysis techniques
to be employed as well as rich display techniques using textures and pixel shaders. This
geometry may be passed to the vertex shader along with the encoded data for rendering by
the graphics processing unit, which may include employing anti-aliasing techniques using
the encoded data.

[0075] The vertex shader may then pass the encoded data to a pixel shader unchanged
(block 812). An alpha value may then be computed to produce an anti-aliasing effect
based on the encoded data (block 814). For example, the pixel shader may employ logic

represented in the following pseudo code:
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// determine anti-aliasing alpha values for left and right edges of stroke

float p = pixel.uv0.x * pixel.uv0.y;

float alphal = p * pixel.uv0.z;

float alpha2 = (pixel.uv0.x - p) * pixel.uv0.z;

// alpha value of fragment for correct anti-aliasing effect

float alpha = pixel.color0.w * min(1,min(alphal, alpha2));
Thus, alpha values may be computed by the pixel shader to provide anti-aliasing
functionality. Additionally, these alpha values may be computed in conjunction with
absorption values described in the previous section to arrive at a final alpha value per
pixel.

Masking Techniques for Rendering Ink

[0076] FIG. 9 depicts a system 900 in an example implementation in which a masking
module 122 is implemented to erase part of an ink stroke. In this example, the computing
device 102 is illustrated as displaying an ink stroke 902 on the display device 106. The
computing device 102 is also illustrated as employing functionality to erase part of the ink
stroke 902.

[0077] For example, the input/output module 104 may be configured to differentiate
between first and second ends 904, 906 of a stylus. The first end 904 of the stylus 110
may be configured through interaction with the computing device 102 to provide writing
inputs, such as to draw the ink stroke 902. The second end 906 of the stylus 110 may be
configured through interaction with the computing device 102 to perform erase operations.
Detection of the erase operation may then cause the masking module 122 to employ
masking ink techniques to “erase” a corresponding portion of the ink stroke 902, further
discussion of which may be found in relation to the following figure.

[0078] FIG. 10 depicts a procedure 1000 in an example implementation in which
masking stroke techniques are employed to erase a portion of an ink stroke. Stencil buffer
values of a graphics processing unit are cleared (block 1002), e.g., set to zero. For
example, the masking module 122 may communicate with the stencil buffer of the
graphics processing unit to set the values.

[0079] A mask stroke is drawn to the stencil buffer of the graphics processing unit to
indicate which pixels correspond to the mask stroke (block 1004). Continuing with the
previous example, the mask stroke may be drawn to the stencil buffer to indicate which
pixels correspond to the mask stroke and therefore the erase operation. In this example,

the stencil buffer values are incremented by one for each pixel drawn for the mask stroke.

15



10

15

20

25

30

WO 2011/159461 PCT/US2011/038579

[0080] One or more ink strokes are then drawn that logically correspond to the mask
stroke (block 1006), e.g., has at least a portion of the ink stroke that “lies under” mask
stroke. In this example, pixels of the one or more ink strokes are drawn that do not
correspond to the pixels that are involved in the mask stroke as indicated by the stencil
buffer (block 1008), e.g., has a value of zero in the stencil buffer. Pixels are not drawn of
the one or more ink strokes that do correspond to the pixels that are involved in the mask
stroke as indicated by the stencil buffer (block 1010), e.g., have a value of one in the
stencil buffer. In this way, “unmasked” portions of the ink stroke 902 are rendered and
masked portions are not, thereby giving an effect of erasing portions of the ink stroke.
[0081] The mask stroke may then be redrawn to the stencil buffer in this example to
clear the stencil values (block 1012), ¢.g., back to zero. Thus, the procedure 1000 may
then be repeated for a new mask stroke. Although the mask stroke was described as being
input using a particular end of a stylus, it should be readily apparent that the mask stroke
may be specified in a variety of ways, such as by using a finger of a user’s hand 108, a
cursor control device, in a natural user interface (NUI), and so on.

Highligshter Techniques for Rendering Ink

[0082] FIG. 11 depicts a procedure 1100 in an example implementation in which a
highlighter module 124 is implemented to highlight an ink stroke. For this
implementation of highlighter ink, MIN blending on a graphics processing unit (GPU) is
used to produce more accurate highlighter ink than other common approaches. MIN
blending is setup on the GPU by setting the “blending operation” render state to “MIN” as
shown in the following example.

[0083] An input is recognized to display highlighter ink on a display device of a
computing device (block 1102). For example, a finger of a user’s hand 108, a stylus 110,
a gesture in a natural user interface (NUI), a cursor control device, and so on may provide
an input (e.g., through selection in a menu, icon, and so on) to highlight a portion of a
display. A variety of different portions may be highlighted, such as text, images,
drawings, and so on.

[0084] Responsive to the recognition, the highlighter module 124 sets a blending
operation render state to “MIN” on a graphics processing unit (block 1104). For example,
the highlighter module 124 may identify a portion that is to be highlighted and set the
blending operation render state to “MIN” to perform the highlighting. Therefore, a portion
to be highlighted may be blended with ink used by the highlighter to arrive at a final
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output for display. A highlighted portion is displayed that corresponds to the input on the
display device (block 1106).

Example Device

[0085] FIG. 12 illustrates various components of an example device 1200 that can be
implemented as any type of portable and/or computer device as described with reference
to FIGS. 1 and 2 to implement embodiments of the gesture techniques described herein.
Device 1200 includes communication devices 1202 that enable wired and/or wireless
communication of device data 1204 (e.g., received data, data that is being received, data
scheduled for broadcast, data packets of the data, etc.). The device data 1204 or other
device content can include configuration settings of the device, media content stored on
the device, and/or information associated with a user of the device. Media content stored
on device 1200 can include any type of audio, video, and/or image data. Device 1200
includes one or more data inputs 1206 via which any type of data, media content, and/or
inputs can be received, such as user-selectable inputs, messages, music, television media
content, recorded video content, and any other type of audio, video, and/or image data
received from any content and/or data source.

[0086] Device 1200 also includes communication interfaces 1208 that can be
implemented as any one or more o\f a serial and/or parallel interface, a wireless interface,
any type of network interface, a modem, and as any other type of communication
interface. The communication interfaces 1208 provide a connection and/or
communication links between device 1200 and a communication network by which other
electronic, computing, and communication devices communicate data with device 1200.
[0087] Device 1200 includes one or more processors 1210 (e.g., any of microprocessors,
controllers, and the like) which process various computer-executable instructions to
control the operation of device 1200 and to implement embodiments of a touch pull-in
gesture. Alternatively or in addition, device 1200 can be implemented with any one or
combination of hardware, firmware, or fixed logic circuitry that is implemented in
connection with processing and control circuits which are generally identified at 1212.
Although not shown, device 1200 can include a system bus or data transfer system that
couples the various components within the device. A system bus can include any one or
combination of different bus structures, such as a memory bus or memory controller, a
peripheral bus, a universal serial bus, and/or a processor or local bus that utilizes any of a

variety of bus architectures.
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[0088] Device 1200 also includes computer-readable media 1214, such as one or more
memory components, examples of which include random access memory (RAM),
non-volatile memory (e.g., any one or more of a read-only memory (ROM), flash memory,
EPROM, EEPROM, etc.), and a disk storage device. A disk storage device may be
implemented as any type of magnetic or optical storage device, such as a hard disk drive, a
recordable and/or rewriteable compact disc (CD), any type of a digital versatile disc
(DVD), and the like. Device 1200 can also include a mass storage media device 1216.
[0089] Computer-readable media 1214 provides data storage mechanisms to store the
device data 1204, as well as various device applications 1218 and any other types of
information and/or data related to operational aspects of device 1200. For example, an
operating system 1220 can be maintained as a computer application with the computer-
readable media 1214 and executed on processors 1210. The device applications 1218 can
include a device manager (e.g., a control application, software application, signal
processing and control module, code that is native to a particular device, a hardware
abstraction layer for a particular device, etc.). The device applications 1218 also include
any system components or modules to implement embodiments of the gesture techniques
described herein. In this example, the device applications 1218 include an interface
application 1222 and an input/output module 1224 (which may be the same or different as
input module 114) that are shown as software modules and/or computer applications. The
input/output module 1224 is representative of software that is used to provide an interface
with a device configured to capture inputs, such as a touchscreen, track pad, camera, and
so on. Alternatively or in addition, the interface application 1222 and the input/output
module 1224 can be implemented as hardware, software, firmware, or any combination
thereof. Additionally, the input/output module 1224 may be configured to support
multiple input devices, such as separate devices to capture touch and stylus inputs,
respectively. For example, the device may be configured to include dual display devices,
in which one of the display device is configured to capture touch inputs while the other
stylus inputs.

[0090] Device 1200 also includes an audio and/or video input-output system 1226 that
provides audio data to an audio system 1228 and/or provides video data to a display
system 1230. The audio system 1228 and/or the display system 1230 can include any
devices that process, display, and/or otherwise render audio, video, and image data. Video
signals and audio signals can be communicated from device 1200 to an audio device

and/or to a display device via an RF (radio frequency) link, S-video link, composite video
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link, component video link, DVI (digital video interface), analog audio connection, or
other similar communication link. In an embodiment, the audio system 1228 and/or the
display system 1230 are implemented as external components to device 1200.
Alternatively, the audio system 1228 and/or the display system 1230 are implemented as
integrated components of example device 1200.

Conclusion
[0091] Although the invention has been described in language specific to structural
features and/or methodological acts, it is to be understood that the invention defined in the
appended claims is not necessarily limited to the specific features or acts described.
Rather, the specific features and acts are disclosed as example forms of implementing the

claimed invention.
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CLAIMS
What is claimed is:
1. A method comprising:
recognizing an input by one or more modules executable on one or more
processors of a computing device as an ink stroke to be rendered by a display device of the
computing device;
building the ink stroke by the one or more modules using a strip of triangles; and

sending the strip of triangles to a graphics processing unit to render the ink stroke.

2. A method as described in claim 1, further comprising responsive to
identifying a bend in the ink stroke that exceeds a threshold, replacing the bend with a
stamp having a geometry of the bend.

3. A method as described in claim 1, further comprising describing a

beginning and an end of the ink stroke using a stamp, respectively.

4. A method as described in claim 1, wherein the strip of triangles have

vertices that are spaced apart by a width of the ink stroke and at a tangent to a direction of
the ink stroke.

5. A method as described in claim 1, wherein the sending is performed as a

single call to the graphics processing unit.

6. A method as described in claim 1, further comprising stitching the ink
stroke with another ink stroke built using another strip of triangles and wherein the
sending is performed as a single call to the graphics processing unit using the stitched ink

strokes.

7. A method as described in claim 6, wherein the stitching includes
introducing degenerate triangles in order to stitch the ink stroke together with the other ink
stroke responsive to a determination that the ink stroke and the other ink stroke does not

share a vertex.
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8. A method comprising:

recognizing an input by one or more modules executable on one or more
processors of a computing device as an ink stroke to be rendered by a display device of the
computing device;

determining a speed and a pressure that correspond to a point in the ink stroke; and

adjusting a display characteristic of the point in the ink stroke for rendering of the

point based on the determined speed and pressure.

9. A method as described in claim 8, wherein the input is detected at least in

part using touchscreen functionality of the computing device.

10. A method as described in claim 8, wherein the display characteristic is
opacity.

11. A method as described in claim 8, wherein the display characteristic is
width of the ink stroke.

12. A method as described in claim 8, wherein the display characteristic is ink
absorption.

13. A method as described in claim 8, wherein an absorption value for point is

computed for the point as follows:

final alpha = alpha * min(1, absorption / grain),

where alpha is an alpha value for anti-aliasing effect at given pixel, absorption is
equal to an absorption value for ink at a given pixel, and grain is equal to a paper grain

value, represented as a height map and sampled as a two-dimensional texture.

14. A method as described in claim 8§, wherein the adjusting is performed using
an expression in which x represents a value for pressure or speed to be attenuated, a0
represents constant attenuation, al represents linear attenuation, a2 represents squared
attenuation, and a3 represents cubed attenuation:

f(x) = min(1, max(0, a0 + (x *al) + (x * x * a2) + (x * x * x * a3))).
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15. A method comprising:

recognizing an input by one or more module executable on one or more processors
of a computing device as an ink stroke to be rendered by a display device of the computing
device;

encoding data of the input by encoding data describing a width of the ink stroke in
pixels at a vertex, encoding data describing whether the vertex describes a left edge or a
right edge of the ink stroke, and encoding data describing an anti-alias thickness in pixels
to be applied to one or more said edges of the ink stroke at the vertex; and

passing the encoded data to a graphics processing unit as part of a geometry of the
ink stroke to compute an alpha value by the graphics processing unit to produce an anti-

aliasing effect based on the encoded data.
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