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to rescaling the vector-based graphic design. Subseguent a multiplication of the coordinate values of the control points by the non-
Integer scaling factor to scale the original vector-based graphic design, the relationships of the control points, In the scaled vector-
based graphic design, are determined and compared to the relationships of the control points in the original vector-based graphic

design. Adjustments of the position of the control points In the scaled vector-based graphic design are effected to obtain, within a
pre- determined tolerance, the same relationships.
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ABSTRACT

A method to scale a vector-based graphic design by a non-integer scaling factor. The
relationships of control points of the vector-based graphic design, with respect to each other
and with respect to the coordinate system of the workspace, are determined prior to
rescaling the vector-based graphic design. Subsequent a multiplication of the coordinate
values of the control points by the non-integer scaling factor to scale the original vector-
based graphic design, the relationships of the control points, in the scaled vector-based
graphic design, are determined and compared to the relationships of the control points in the
original vector-based graphic design. Adjustments of the position of the control points in the
scaled vector-based graphic design are effected to obtain, within a pre-determined tolerance,

the same relationships.
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SYSTEM AND METHOD FOR SCALING VECTOR-BASED GRAPHIC DESIGNS

FIELD
[0001] The present disclosure relates generally to digital imaging. More particularly,
the present disclosure relates to processing vector-based graphics.

BACKGROUND

[0002] Due to flexibility, when compared to bitmap graphics, vector-based graphics
are appropriate for designs used in video games, user interfaces (Uls), or other applications.
Typically, vector-based graphic design is carried out in one of several commercially-available
software applications. Examples include Adobe® Creative Suite®, GNU Image Manipulation
Program (GIMP), Microsoft® Visio®, etc. Vector-based graphics allow designers more
flexibility for their designs to be used in devices having, for example, different form factors,
screens, and resolutions that typical bitmap masks cannot easily address.

[0003] Vector-based graphic designs may suffer from certain disadvantages when they
undergo transformations, such as rescaling original master designs to designs having a
different scale. Alignment errors may occur during such transformations. These alignment
errors can lead to visually un-sharp (blurry) rescaled designs. For example, a vector-based
graphic design based on a vector mask created by a designer using a commercially-available
graphic design suite, will typically have, when rendered, sharply defined edges, at pre-
determined locations, since the control points and related paths of the vector-based graphic
will have been aligned with (snapped to) integer coordinates in the design process. For
these vector-based graphic designs, integer coordinates are translated to whole pixels during
rendering. However, when rescaled by an arbitrary value, such as a non-integer value, the
control points (nodes) previously aligned to integer values may be repositioned and their
coordinates may not be located at integer values anymore. As a consequence, rendering
these control points and their associated paths will result in the control points and paths
being rendered at non-integer pixel values, which can result in a blurred lines or edges.
[0004] Improvements in vector based designs transformations are, therefore,

desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Examples of the present disclosure will now be described, by way of example
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only, with reference to the attached Figures.

10006]) Fig. 1A is a depiction of an exemplary vector-based graphic design having a
single vector mask shown relative to a coordinate system.

[0007] Fig. 1B shows an array of pixels overlaid on a coordinate system.

[0008] Fig. 2 is a flowchart depicting the methods of processing an image according

to certain examples of the present disclosure.

[0009] Fig. 3 is a depiction of a vector-based graphic design prior to rescaling or
resizing.
[0010] Fig. 4 is a depiction of a vector-based graphic design following gross rescaling

according to certain examples of the present disclosure.

[0011] Fig. 5 shows a depiction of a vector-based graphic design following resizing
according to a rescaling adjustment factor in certain examples.

[0012] Fig. 6 is a depiction of a vector-based graphic design foliowing translating by a
transiation adjustment value in some examples.

[0013] Fig. 7 is a depiction of a vector-based graphic design following translation of
each control point in an inner path by node adjustment valued in accordance with some

examples of the present disclosure.

[0014] Fig. 8 is a depiction of a vector-based graphic design prior to rescaling or
resizing.
[0015] Fig. 9 is a depiction of a vector-based graphic design following rescaling.

DETAILED DESCRIPTION

[0016] For the purpose of the present disclosure, a vector-based graphic design is a
set of parameters that includes control points, coordinates of the control points, paths (which
can also be referred to as vectors or strokes), and attributes of the paths. The attributes can
include, for vectors, a direction, a color, a shape, a thickness, and a fill. A path is defined by
at least two control points. A vector mask of the vector-based graphic design is defined by
one or more paths. A vector-based graphic design may have one or more than one vector
mask. A vector-based graphic design can be rendered to produce an image, or rendition, of
the vector-based graphic design.

[0017] Generally, the present disclosure provides a method and system for
automatically rescaling an original vector-based graphic design (or master vector-based

graphic design). The method and system are such that the appearance of the rendered,
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rescaled vector-based graphic design will be, within pre-determined tolerances, the same as
the appearance of the original vector-based graphic design. In a first aspect, the present
disclosure provides a computer-implemented method of transforming a vector-based graphic
design. The method comprises: rescaling the vector-based graphic design by a non-integer
rescaling factor, the vector-based graphic design including control points, the control points
having coordinates in a workspace coordinate system, each control point having relative
spatial inter-relationships to other control points of the vector-based graphic design and
having a positional relationship relative to the workspace coordinate system; automatically
determining minimum adjustments for each control point of the rescaled vector-based
graphic design to preserve, within threshold tolerances, the relative spatial inter-relationships
and the positional relationship relative to the workspace coordinate system; adjusting a
position of the control points of the rescaled vector-based graphic design in accordance with
the minimum adjustments; and storing the rescaled vector-based graphic design in a non-
transitory, tangible computer-readable medium.

[0018] In a second aspect of the present disclosure, there is provided a system that
comprises: a display; a processor configured to: rescale a vector-based graphic design by a
non-integer rescaling factor, the vector-based graphic design including control points, the
control points having coordinates in a workspace coordinate system, each control point
having relative spatial inter-relationships to other control points of the vector-based graphic
design and having a positional relationship relative to a workspace coordinate system;
automatically determine minimum adjustments for each control point of the rescaled vector-
based graphic design to preserve, within threshold tolerances, the relative spatial inter-
relationships and the positional relationship relative to the workspace coordinate system:;
adjust a position of the control points of the rescaled vector-based graphic design in
accordance with the minimum adjustments; and render the rescaled vector-based graphic
design to the display.

[0019] Digital imaging and graphic design typically involve one of two types of
graphics. The first are pixel-based or “bitmap” graphics, which are a spatially-mapped array
of bits. A bitmap contains information that, when rendered, causes particular pixels to be
activated on a display. The combined pixels make up an image that can be viewed on the
display. Very little processing is required when rendering a bitmap.

[0020] The second type of graphic is a vector-based graphic. A vector-based graphic

is a rendition of a vector-based graphic design. Various aspects of a vector-based graphic
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are related to mathematical relationships or geometrical expressions defined relative to a
coordinate system, which can be referred to as the workspace coordinate system. Designer
tools allow the designers to modify a vector-based graphic design by manipulating
components of the vector-based graphic design within the workspace coordinate system.
The mathematical expressions that define the various lines, curves, or other shapes that
make up the vector-based graphic, such as Bézier curves, are defined in the vector-based
graphic design and include start and end control points (which can be referred to as control
nodes). In addition, the paths (also referred to as vectors or strokes) comprised in a vector-
based graphic design, may pass through, or be associated with additional control points. The
control points are located within a particular coordinate system defining the workspace of the
vector-based graphic design. In addition to their location within the coordinate system, the
control points can also define the direction of any vector that passes through or is associated
with them.

[0021] Vector-based graphic designs themselves may contain one or more vector
“‘masks,” which are objects defined by individual paths representing layers in the vector-
based graphic design and allow a designer to place overlays and overlapping objects with
varying properties and effects. Significantly complex and robust vector-based graphic
designs are typically easier to transform that their counterpart bitmap designs.

[0022] Figure 1A shows a depiction of a vector-based graphic design 106 relative to
an underlying coordinate system 100. For greater certainty, the depiction of Figure 1A is not
the result of rendering the vector-based graphic design in question. Rather, it is a depiction
of the vector-based graphic design in the workspace coordinate system. While the figure
and the discussion herein use rectangular or Cartesian coordinates, one of ordinary skill in
the art will appreciate that the examples of the present disclosure are equally applicable to
any coordinate system that can be used in graphic design, including, but not limited to, polar,
cylindrical, spherical-polar, etc.

[0023] Figure 1B shows the coordinate system 100 overlaid on an array of pixels 101
that make up a display on which the vector-based graphic design is to be rendered.

[0024] The vector-based graphic design 106 is that of an ellipse designed relative to
a Cartesian coordinate system (which is a type of workspace coordinate system)represented
by vertical grid lines 102 and horizontal grid lines 104, defining vertical and horizontal
coordinates, respectively. The grid lines 102, 104 are for illustration purposes only and are

not part of the vector-based graphic design.
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[0025] According to examples, the intersections between grid lines 102, 104 coincide
with the center of pixels when a vector-based graphic design is rendered to actual graphics
(iImage or on screen). Fig. 1B shows such a center 103 of a pixel 101. As such, the
intersections of grid lines 102 and 104 represent pixel centers. As one of ordinary skill in the
art will appreciate, any vectors in vector-based graphic design that are snapped to one of
these lines will be snapped to an integer pixel value when rendered. These rendered vectors
typically have a good visual appearance as they are rendered using entire pixels without
applying proportional values to neighboring pixels. On the other hand, paths defined by
control points that, when rendered, do not coincide with pixel locations may have a degraded
visual appearance compared to the original appearance. This is because the edges of such
control points must be defined by more than one pixel when rendered, since the spatial
location of the control points causes the vectors to blend between pixel boundary lines.
[0026] Control points of a vector-based graphic design have a relationship to the
coordinate system in which they are displayed (e.g., Fig. 1A) as well as a relationship to the
other control points of the vector-based graphic design. These relationships can be relative
spatial inter-relationships that define the location of the control points relative to one another,
and can include, among others, the relative distance between two control points, their
relative alignment along a particular axis or grid line, the angular separation or the angular
relationship between two control points (e.g., whether vectors defined by the control points
should be at right angles to one another), etc.

[0027] The relationships may include positional relationships relative to pixels. The
positional relationships are calculated (obtained) prior to rescaling a vector-based graphic
design. These positional relationships include information such as whether the control points
are snapped to a particular axis or axes, prior to rescaling, in a workspace coordinate system
or whether the position of the control point corresponds to integer coordinate values or not.
These positional relationships can also identify a control point as a smooth point (smooth
node) or as a corner point (corner node) or specify that a control point has an integer or a
non-integer (off integer) coordinate in the workspace coordinate system.. In the context of the
present disclosure, a smooth control point is a control point that has associated thereto one
or more handle nodes or handles that define the curvature of a line between control points by
“attracting” the line; a handle is, in a sense, an auxiliary control point that need not lie on the

line whose shape is influenced by the handle. A corner control point is a control point that

defines an intersection of two lines or the end of a line; a corner control point either does not
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have handles associated thereto, or its handles are co-located with the corner point.

[0028] The examples of relative spatial inter-relationships and positional relationships
are not intended to be exhaustive. Any information regarding how control points in a vector-
based graphic design or mask relate to one another, to control points on another path and
their respective handles for smooth control points, or to pixels can be considered information
pertaining to relationships between the control points.

[0029] In Figure 1A, the vector-based graphic design depicted at 1086, is represented
by a vector mask defined by a path, which is for example, a mathematical representation of
the depicted ellipse. The vector mask’s path (or vector mask) has a number of control points
that define it with reference to coordinate system 100. Exemplary control points 108, 110,
112, and 114 appear on the perimeter of the ellipse. The control points 108, 110, 112, and
114, together with any other control points necessary to define the ellipse, define the vector-
based graphic design depicted at 106.

[0030] In many scenarios a vector-based graphic design can be rescaled or resized
without loss of resolution of the rendered vector-based graphic design, i.e., without loss in
the rescaled image. However, when the vector-based graphic design is rescaled by certain
non-integer scaling factors, the coordinate values of the control points, whether or not they
are located at integer coordinate values, will be multiplied by a non-integer factor. As a result,
control points, which were “snapped” to integer coordinates in the original vector-based
graphic design, may be located off integer coordinates in the rescaled vector-based graphic
design and, as result, there will be a loss of sharpness in the rendered rescaled vector-based
graphic design. In such a case, a graphic designer typically edits each vector-based graphic
design following rescaling and manually adjusts and/or re-aligns control points inthe entire
vector-based graphic design. This can be a very time consuming process, particularly for
more complex vector-based graphic designs having a large number of control points.

[0031] If a user wishes to scale a vector-based graphic design to a new size (either larger or
smaller), the coordinates of each control point will be multiplied by a scaling factor. In cases
where the vector-based graphic design is scaled by an integer-scaling factor, the control
points that were on integer coordinate values in the original vector-based graphic design will
also be on integer coordinate values in the scaled vector-based graphic design. One
example is a vector in a Cartesian coordinate system having a first control point located at
[1,1] (1.e., x-coordinate = 1, y-coordinate = 1) and a second corner control point located at

[2,2] (i.e., x-coordinate = 2, y-coordinate = 2). To scale the vector by a factor of 2, each
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coordinate of the control points is simply doubled, and the resulting coordinates will be
located at [2,2] and [4,4]. In such a case, the relationships between the control points
themselves and the relationships between the control points and the coordinate system will
be preserved — both control points are still at integer coordinates values and maintain the
same angular relationship with respect to each other. Additionally, as the rescaled control
point coordinates are at integer coordinate values, rendering the rescaled vector-based
graphic design will result in the rendered vector-based graphic design having the same visual
appearance it had before scaling. Resizing a vector-based graphic design by an integer
scaling factor is appropriate in a number of cases. For example, if a user interface (“UI”) for
an application is built with vector-based graphic designs for rendering on a display on a
screen of an electronic device with a given resolution, and that application needs to be
‘upscaled” so that it can be displayed on a screen having twice the resolution of the original
screen, all vector-based graphic designs in the Ul may be scaled in size by a factor of two
without concern.

[0032] However, if a user wishes to scale a vector-based graphic design by non-
Integer scaling factor, the appearance of the rendered scaled vector-based graphic design
will not be the same as that of the rendered original vector-based graphic design. In the
same example discussed above, consider a rescaling where each coordinate of the control
points Is multiplied by a factor of 2.5. The resulting coordinates will therefore be [2.5,2.5] and
[5, 5]. The first control point is no longer located at an integer value and therefore, a
rendering of the scaled vector-based graphic design will result in the rendered control point
being located between pixels. As a result, part of the rendered image will lose its its original
appearance as Its first control point of design is no longer located at a pixel center in the
rescaled vector-based graphic design.

[0033] Following such non-integer rescaling of the vector-based graphic design, a
graphic designer may then have to manually adjust each control point that defines paths in
the vector masks to move it to a new coordinate that preserves or best approximates the
relationships that existed in the corresponding control points of the vector-based graphic
design prior to scaling.

[0034] Figure 2 is a flowchart of a method according to certain examples of the
present disclosure. The process begins with a vector-based graphic design at 200, which, as
noted above, comprises a number of control points. Information about each control point, its

location, properties, inter-relationships with other control points and positional relationships
-7 -
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may be known or, optionally, can be determined, and recorded at 202. The sum of this
iInformation can be referred to as a snapshot of the (original) vector-based graphic design.
The vector-based graphic design is then rescaled by a non-integer scaling factor 204. Using
the information recorded at 202, minimum adjustments for each control point of the rescaled
vector-based graphic design to preserve, within threshold tolerances, relative spatial inter-
relationships between the control points, and the positional relationships relative to pixels,
are determined at 206. The position of the control points of the vector-based graphic design
are then adjusted, as will be described later, according to the minimum adjustments 208. The
adjustments preserve, or best approximate, the relative spatial inter-relationships and the
positional relationships relative to pixels within threshold tolerances.

[0035] The threshold tolerance can be set to a relative percentage, such as, for
example, 10% of the scaling factor or of coordinate values, or it can be set to a fixed multiple
of a coordinate unit.

[0036] Certain vector-based graphic designs may also have effects applied to them,
as discussed above. These effects may need to be adjusted in view of changes made as a
result of the minimum adjustments. Optionally, effect adjustment values can be determined
210 to adjust the extent of the effects in accordance with the rescaling factor. The resulting
rescaled vector-based graphic design may then be stored 212 in a non-transitory, tangible
computer readable medium, rendered on a display, or both. The rendered, rescaled vector-
based graphic design will preserve much of the original visual appearance of the original
vector-based graphic design.

[0037] Figure 3 shows an example of a depiction of a vector-based graphic design
300 to be transformed or scaled according to an example of the present disclosure. Vector-
based graphic 300 has two paths 302, 304. These paths 302 and 304 may be
mathematically described by an array of control points that define the paths relative to the
coordinate system 100. The inner path 304 is rectangular and has top and bottom edges that
coincide with (i.e., are “snapped to”) horizontal grid lines 104 and side edges that coincide
with vertical grid lines 102. According to an example, these lines, when rendered, will have a
sharp visual appearance, since they are snapped directly to integer coordinates and will be
rendered without pixel averaging (or anti-aliasing), and the lines, and other attributes, such
as color, defining the edges do not cross adjacent pixel boundaries during rendering process.
Inner path 304 includes corner nodes (control point) 306 which are snapped to integer values

of both the horizontal grid lines 104 and the vertical grid lines 102, which are shown as
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dashed lines intersecting at corner control point 306. As a result, the entire inner path 304
coincides with integer values on at least one axis (or, in the case of the control points, both
axes) of the coordinate system. The result is that inner path 304 , when rendered, will have a
good visual appearance.

[0038] The control points 306 have particular relative spatial inter-relationships to one
another. For example, the two topmost corner points 306 share a common y-coordinate, as
do the two lower corner points 306, and the distance between them corresponds to the full
width an height of the inner path 304. They also have an angular relationship to one another.
Control points 306 also have their own positional relationships to the workspace coordinate
system 100. In the present example, control points 306 are snapped to integer coordinates at
both its x and y values.

[0039] The vector-based graphic design 300 shown in Figure 3 also includes an outer
path 302, which represents boundaries of a vector mask. In this example, the outer path 302
represents a rounded rectangle. The outer path 302 is defined by a number of control points
connected by mathematically described curves. Outer path 302 is defined, in part, by control
points 308 and 309, which define rounded corners shown in Figure 3. Control points 308
coincide with one of the vertical grid lines 102 and control points 309 coincide with one of the
horizontal grid lines 104. Control points 308 and 309 are smooth points that are snapped to
integer values either on the X or the Y axis. As a result, a vertical part of the outer path 302
extending from the control point 308 will appear sharp and well-defined when rendered. as it
will be snapped to a whole-pixel value. Further, a horizontal part of the outer path 302
extending from the control point 309 will also appear sharp and well-defined when rendered.
as it will be snapped to a whole-pixel value. The portion of the outer path 302 extending
between pairs of control points 308 and 309 defines the “rounded” corner of the rectangle.
[0040] As with control points 306 on inner path 304, smooth control points 308 and
309 have relative spatial inter-relationships, as well as their own positional relationships to
the coordinate system 100. As one of ordinary skill in the art will appreciate, the quality and
accuracy of any rescaling transformation of vector-based graphic design 300 will depend on
the ability to maintain these relationships for corresponding control points of the rescaled
vector-based graphic design.

[0041] Embodiments of the present disclosure determine the relative spatial inter-
relationships of the control points in the vector-based graphic design, the positional

relationship of each control point relative to closest integer-value coordinates, and the
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positions of the control points, within a same path, with respect to each other. For each
control point of the vector-based graphic design, the relative spatial inter-relationships to
other control points of the vector-based graphic design, and the positional relationship
relative to coordinates are recorded (determined). According to an example, information
about every vector mask, its paths and control points are recorded prior to any
transformation step. The record — the snapshot - contains the relationships and information
relating to all control points, the relationships between adjacent control points, and the spatial
relationships of each control point within the coordinate system. For smooth control points,
information regarding the handles (additional control points) of the smooth control points is
also recorded.

[0042] Once the relationship information has been stored, the vector-based graphic
design, for example, the vector-based graphic design shown at 300 in Figure 3, can be
resized according to a desired rescaling factor. For the purposes of this example, the
rescaling factor is a non-integer factor. The rescaling is achieved by a simple rescaling. That
IS, all the coordinate values of each control point in the vector-based graphic design 300 are
multiplied by the given non-integer factor in order to re-scale the image to a desired image
size. Figure 4 shows the result of such a rescaling operation. The resulting vector-based
graphic design 400 is a larger version of vector-based graphic design 300. The vector-based
graphic design 400 has an inner path 404 and an outer path 402, which correspond to the
inner path 304 and the outer path 302 of vector-based graphic design 300, respectively.
Inner path 404 has a corner control point 406, which corresponds to corner control point 306.
[0043] Similarly, outer path 402 has smooth control points 408 and 409, which
corresponds to the smooth control points 308 and 309. The rescaling has changed the
relationships between the control points themselves as well as the relationships between the
control points and the coordinate system 100. As an example, control point 406 and outer
control point 409 are no longer located on integer values of the coordinate system 100.
Rather, they are located off integer coordinates (and they will be rendered using pixel
averaging) and, as a result, the rendered image will appear to be blurry and lacking in the
sharpness present in the rendering of the original vector-based graphic design 300.

[0044] As a first step, subsequent the rescaling, each vector mask (outer path 302
and inner path 304) in the vector-based graphic design 300 is analyzed. For example, the

outer path 402 is identified and from the recorded snapshot, individual control points of the

outer path 402 are analyzed and a determination is made as to whether or not their
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corresponding control points in the original vector-based graphic design were located on
iInteger coordinate values of the X-axis, Y-axis, or both. That is, a determination is made as
to dimensions in the original vector-based graphic design 300 being integer values. If so for
some or all of the control points in the original vector-based graphic design, a calculation is
made to obtain a minimal scaling ratio for the x and y axes of the outer path 402 to have its
dimensions (height and width) correspond to integer values. After these values of minimal
scaling ratios are determined for the height and the width of the vector-based graphic design
400, the entire vector mask is scaled by the minimal scaling ratios.

[0045] After the outer path 402 is scaled to have its width and height correspond to
integer values, the next step regards finding a minimal distance to move (translate) the entire
outer path 402. The move can be desirable along the X-axis, Y-axis or both, depending on
the stored snapshot information about the control points defining outer path 302. Translation
of the outer mask 402 can be either negative or positive relative to the position where the
vector mask (outer mask 402) is located, and translations can occur independently along the

X and Y axes.

[0046} The result of the resizing according to a rescaling adjustment factor is shown
in Figure 5. The vector-based graphic design 500 is now sized to fit within pixel boundaries
that reflect the relationships that existed in vector-based graphic design 300 (the vector-
based graphic design 5§00 has dimensions that correspond to integer values). According to
an example, all vector masks in the vector-based graphic design 400, i.e., the inner path 404
and outer path 402, are adjusted according to a rescaling adjustment factor, resulting in
vector-based graphic design 500 having the following adjusted control points. Control point
506, which corresponds to corner control point 406 (and therefore corner control point 306);
smooth control points 508 and 509, which correspond to smooth control points 408 and 409
(and therefore to smooth control points 308 and 309).

[0047] The result of translating the vector-based graphic design 500 according to a
determined translation adjustment value is shown in Figure 6. The vector-based graphic
design 600 has outer path 602, which has side edges that coincide with vertical grid lines
102. It also has top and bottom edges that coincide with horizontal grid lines 104. As a result,
the edges of outer path 602 of the vector-based graphic design 600 will have a good visual
appearance, as they are now snapped to integer coordinate values within the coordinate
system 100, just as their corresponding edges were in the vector-based graphic design 300
prior to resizing. Outer path 602 has smooth control points 608 and 609, which correspond to
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smboth control points 308 and 309 of vector-based graphic design 300.

[0048] The vector-based graphic design 600 also has an inner path 604, with four
corner control points 606 corresponding to the four corner control point 306. However, these
control points 606may not appear to be snapped to the same integer coordinates or have the
same relationships as their corresponding control points in inner path 304 prior to scaling. As
a result, inner path 604 may not have the same sharp and defined edges as its counterpart,
inner path 304. Accordingly, examples of the present disclosure may carry out a further
comparison with the control point information stored in the snapshot for inner paths, or for
any control point not forming part of the outer path.

[0049] For each control point in the inner path 604, it is determined if eit was
originally located on integer coordinate values (x-coordinate, y-coordinate, or both x and y
coordinates). If the control point was originally located on an integer coordinate value but is
not currently located on an integer coordinate value, a minimum change is calculated (similar
as above) to transform this control point into a control point that is located on an integer
coordinate value. Neighbor control points are checked to determine if they shared, in the
original vector-based graphic design, a common coordinate value. If, in the original vector-
based graphic design, they did share a common coordinate value, then they are adjusted to
also share a common coordinate value in the transformed vector-based graphic design. As
an example, original control points [x, 20], [x, 20] and [x, 30] are transformed and result in
control points [x, 35.49], [x, 35.51], [x, 35.49] — as long as there is always a minimal margin
error (these points are usually never at integer coordinate values). In such case, if using a
simple rounding algorithm that rounds to a nearest value, vectors connecting the transformed
control points will result in a zig-zag line, because the simple rounding algorithm will result in
control points [x, 35], [, 36], [x, 35]. By ensuring that control points that originally shared
coordinate values also share coordinate values in the transformed vector-based graphic
design, a straight line in the original vector-based graphic design will also be a straight line in
the transformed vector-based graphic design. In the present example, the control points will
be adjusted to [x, 35], [x, 35], [x, 35]. This is also valid for smooth control points and their
handles.

[0050] Each individual control point may then be transformed according to its
adjustment value determined in accordance with its current position and to the snapshot of
the original vector-based graphic design. The result of such an adjustment to the nodes on

vector-based graphic design 600 is shown in Figure 7. The original vector-based graphic
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design 300 now appears as vector-based graphic design 700, having outer path 702 and
inner path 704. According to an example, the control points of outer path 702 have not been
shifted and share the same coordinates as outer path 602. The control points of inner path
704, and particularly of adjusted control point t 706, however, have been shifted slightly so
that they are snapped to integer pixel values in the coordinate system 100, as were their
corresponding original control points 306. In one example of adjusting operations according
to certain examples, a smooth control point will be translated in the X-direction of the
coordinate system 100 if 1) its corresponding smooth control point in the vector-based
graphic design, prior to scaling, was aligned with a corresponding corner control point prior to
scaling, 2) if that corner control point was shifted or adjusted, and 3) if the smooth control
points needs to be adjusted in order to re-establish the angular relationship it shared with the
corner control point prior to scaling.

[0051] The control points of the vector-based graphic design 700 now have relative
spatial interrelationships and positional relationships with the coordinate system that
preserve, as closely as possible within threshold tolerances, the relationships that their
corresponding control points in the vector-based graphic design 300 had prior to scaling. The
result is that adjusted vector-based graphic design 700 has now been rescaled while
preserving much of the relationship information between the control points and the
coordinate system. Accordingly, much of the manual re-alignment required after standard,
brute force rescaling may no longer be necessary.

[0052] The control point-by-control point realignment may also be used to address
any alignment errors of one vector mask relative to another that may have resulted from
errors during the rescaling applied by commercially-available graphic design applications.
[0053] In some examples of the present disclosure, a vector mask (path) includes at
least one effect applied to some or all of the regions within the vector mask. The methods
described herein may also include determining effect adjustment values to adjust an extent
of an effect based on the scaling factor applied to the rest of the vector-based graphic
design. Effects of this nature, which can include a fill, shadow, blur, gradient, color, or any
other imaging effects, may be stored as properties or attributes of the vector mask. In some
cases, the effect may need to be propagated to the adjusted vector mask in order to
preserve the integrity of the image during rescaling and processing. Therefore, an additional
step whereby the effect and its relationship to the original vector mask are recomputed using
the scaling factor of the vector-based graphic design and individual values of the effects are

- 13 -
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adjusted. Effects that are related to the size of a vector-based graphic design are rescaled at
the same ratio at which the vector-based graphic design was rescaled.

[0054] In an example where an initial vector-based graphic design has a control point
that is not aligned with (snapped to) a pixel coordinate (an integer pixel coordinate), and
where a scaling operation of the initial vector-based graphic design results in that control
point still not being aligned with a pixel coordinate, the control point in question may be left
as is. That is, further manipulation (re-scaling, translation, adjustment) of the vector-based
graphic design, with respect to the control point in question may not be required. As an
example, Figure 8 shows an initial vector-based graphic design 800 that has a control point
810, which is not aligned with any pixel coordinate. Figure 9 shows vector-based graphic
design 900, which is a scaled version of the initial vector-based graphic design 800, the
scaling factor being a non-integer value. The control point 910 in Figure 9 corresponds to
the control point 810 of Figure 8. As control point 910 is also not aligned with any pixel
coordinate, no further manipulation of the vector-based graphic design 900 needs to be
carried out with respect to the control point 910. Of course, further manipulation of the
vector-based graphic design 900 may be carried out with respect to other control points (not
shown) of the vector-based graphic design, as described above in respect of other examples.
[0055] The examples discussed above employ four different adjustments: a rescaling
adjustment factor, a translation adjustment value, a control point adjustment value and an
effect adjustment. However, as one of ordinary skill will appreciate, all adjustments are not
always necessary, and the method described herein may be effected using any or all types
of adjustments.

[0056] In the preceding description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the examples. However, it will
be apparent to one skilled in the art that these specific details are not required. In other
instances, well-known electrical structures and circuits are shown in block diagram form in
order not to obscure the understanding. For example, specific details are not provided as to
whether the examples described herein are implemented as a software routine, hardware
circuit, firmware, or a combination thereof.

[0057] Examples of the disclosure can be represented as a computer program
product stored in a tangible, non-transitory machine-readable medium (also referred to as a
computer-readable medium, a processor-readable medium, or a computer usable medium

having a computer-readable program code embodied therein). The machine-readable
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medium can be any suitable tangible, non-transitory medium, including magnetic, optical, or
electrical storage medium including a diskette, compact disk read only memory (CD-ROM),
memory device (volatile or non-volatile), or similar storage mechanism. The machine-
readable medium can contain various sets of instructions, code sequences, configuration
iInformation, or other data, which, when executed, cause a processor to perform steps in a
method according to an example of the disclosure. The examples described herein may be
implemented or executed on any suitable hardware, including a general purpose computer,
mobile electronic device, tablet, etc. having a processor for executing the instructions stored
on the machine-readable medium.

[0058] Those of ordinary skill in the art will appreciate that other instructions and
operations necessary to implement the described implementations can also be stored on the
machine-readable medium. The instructions stored on the machine-readable medium can be
executed by a processor or other suitable processing device, and can interface with circuitry
to perform the described tasks. The machine-readable medium may also contain a database
for storing any other information required for the operation of the above examples, including,
but not limited to, the snapshot and any information regarding spatial interrelationships
between control points and/or positional relationships relative to pixels.

[0059] Embodiments of the disclosure may also be implemented as a device or
system having a processor or microprocessor, and a display. For example, embodiments of
the disclosure may be implemented in a general purpose computer, or an electronic device,
such as a television projection screen, wirelessly enabled notebook computer, tablet
computer, mobile internet device, electronic navigation device, and so forth.

[0060] The above-described examples are intended to be examples only.
Alterations, modifications and variations can be effected to the particular examples by those
of skill in the art without departing from the scope, which Is defined solely by the claims

appended hereto.

- 15 -



CA 02818362 2015-08-31

WHAT IS CLAIMED IS:

1. A computer-implemented method of transforming a vector-based graphic design, the
method comprising:

rescaling the vector-based graphic design by a non-integer rescaling factor, the vector-
based graphic design comprising at least one vector mask and including control points, the
vector mask includes an effect applied to the vector mask, the control points having coordinates
In @ workspace coordinate system, each control point having relative spatial inter-relationships
to other control points of the vector-based graphic design and having a positional relationship
relative to the workspace coordinate system;

automatically determining minimum adjustments for each control point of the rescaled
vector-based graphic design to preserve, within threshold tolerances, determined relative spatial
inter-relationships and a determined positional relationship relative to the workspace coordinate
system, wherein the determined positional relationship relative to the workspace coordinate
system comprises a position between two integer coordinate values;

adjusting a position of the control points of the rescaled vector-based graphic design in
accordance with the minimum adjustments;

determining effect adjustment values based on the minimum adjustments applied to the
control points of the rescaled vector-based graphic design, wherein the effect adjustment values
cause each control point to have an adjusted positional relationship relative to the workspace
coordinate system and the adjusted positional relationship comprises a position coincident with
Integer coordinate values;

adjusting an extent of the effect according to the effect adjustment values; and

storing the rescaled vector-based graphic design in a non-transitory, tangible computer-

readable medium.

2. The method of claim 1, wherein the control points include a smooth control point having
a handle associated thereto, wherein automatically determining minimum adjustments for the
smooth control point comprises automatically determining minimum adjustments for the handle,

and wherein adjusting a position of the smooth control point comprises adjusting a position of
the handle.

3. The method of claim 1, wherein rescaling the vector-based graphic design is preceded

by recording, for each control point of the vector-based graphic design, its relative spatial inter-
16
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relationships to other points of the vector-based graphic design and its positional relationship

relative the workspace coordinate system.

4. The method of claim 3, wherein recording is preceded by determining the relative spatial
Inter-relationships of the control points in the vector-based graphic design, and the positional
relationship of each control point relative to the workspace coordinate system, based on
positions of the control points of the vector-based graphic design in the workspace coordinate

system.

5. The method of claim 1, wherein automatically determining the minimum adjustments
comprises determining a minimum rescaling adjustment factor to preserve positional
relationships of an outer path of the vector-based graphic design, relative to the workspace

coordinate system.

6. The method of claim 5, wherein the outer path is defined by an outer vector mask.

7. The method of claim 1, wherein automatically determining the minimum adjustments
comprises determining a minimum translation adjustment value to re-establish positional
relationships of control points of the rescaled vector-based graphic design relative to the

workspace coordinate system.

8. The method of claim 1, wherein automatically determining the minimum adjustments
comprises determining minimum point adjustment values to preserve the relative spatial inter-

relationships.

9. The method of claim 1, wherein the relative spatial inter-relationships comprise relative
spatial relationships to neighboring control points.

10. The method of claim 9, wherein the relative spatial inter-relationships comprise at least

one of angular relationships and relative distances.

17
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A system comprising:
a display;
a processor configured to:

rescale a vector-based graphic design by a non-integer rescaling factor, the
vector-based graphic design comprising at least one vector mask and including control
points, the vector mask includes an effect applied to the vector mask, the control points
having coordinates in a workspace coordinate system, each control point having relative
spatial inter-relationships to other control points of the vector-based graphic design and
having a posttional relationship relative to the workspace coordinate system;

automatically determine minimum adjustments for each control point of the
rescaled vector-based graphic design to preserve, within threshold tolerances,
determined relative spatial inter-relationships and a determined positional relationship
relative to the workspace coordinate system, wherein the determined positional
relationship relative to the workspace coordinate system comprises a position between
two integer coordinate values;

adjust a position of the control points of the rescaled vector-based graphic design
In accordance with the minimum adjustments;

determine effect adjustment values based on the minimum adjustments applied
to the control points of the rescaled vector-based graphic design, wherein the effect
adjustment values cause each control point to have an adjusted positional relationship
relative to the workspace coordinate system and the adjusted positional relationship
comprises a position coincident with integer coordinate values;

adjust an extent of the effect according to the effect adjustment values; and

render the rescaled vector-based graphic design to the display.

The system of claim 11, further comprising storage for storing, for each control point of

the vector-based graphic design, its relative spatial inter-relationships to other control points of

the vector-based graphic design and its positional relationship relative to the workspace

coordinate system.

13.

cause a processor to execute a method of transforming a vector-based graphic design, the

A non-transitory computer-readable medium storing instructions, which, when executed,

method comprising:

rescaling the vector-based graphic design by a non-integer rescaling factor, the vector-
18
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based graphic design comprising at least one vector mask and including control points, the
vector mask includes an effect applied to the vector mask, the control points having coordinates
In a workspace coordinate system, each control point having relative spatial inter-relationships
to other control points of the vector-based graphic design and having a positional relationship
relative to a workspace coordinate system:

automatically determining minimum adjustments for each control point of the rescaled
vector-based graphic design to preserve, within threshold tolerances, determined relative spatial
inter-relationships and a determined positional relationship relative to the workspace coordinate
system, wherein the determined positional relationship relative to the workspace coordinate
system comprises a position between two integer coordinate values;

adjusting a position the control points of the rescaled vector-based graphic design in
accordance with the minimum adjustments;

determining effect adjustment values based on the minimum adjustments applied to the
control points of the rescaled vector-based graphic design, wherein the effect adjustment values
cause each control point to have an adjusted positional relationship relative to the workspace
coordinate system and the adjusted positional relationship comprises a position coincident with
Integer coordinate values;

aajusting an extent of the effect according to the effect adjustment values; and

storing the rescaled vector-based graphic design in a non-transitory, tangible computer

readable memory.

14 . The computer-readable medium of claim 13, wherein automatically determining the
minimum adjustments comprises determining a minimum rescaling adjustment factor to

preserve positional relationships, of an outer path of the vector-based graphic design, relative to

the workspace coordinate system.

15. The computer-readable medium of claim 13, wherein automatically determining the
minimum adjustments comprises determining a minimum translation adjustment value to re-
establish positional relationships of control points of the rescaled vector-based graphic design

relative to the workspace coordinate system.

16. The computer-readable medium of claim 13, wherein automatically determining the
minimum adjustments comprises determining minimum point adjustment values to preserve the

relative spatial inter-relationships.
19
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