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Abstract

This thesis presents kinematic templates, end-user drawing tools that influence the
mouse cursor’s movement within specific areas of a digital canvas. Two types of kine-
matic templates influence the cursor’s movement: passive and active templates. Passive
templates modify existing movement received from a pointing device to change the cur-
sor’s speed or direction of one’s stroke. Active templates add movement to the cursor
without movement from the pointing device. Since templates are provided as user-
specified regions, these regions can be associated with areas of detail and they can be

overlapped as a means of function composition.

A kinematic template can be configured to improve upon one’s freehand output with-
out producing perfect output. Since templates do not necessarily prescribe geometric out-
put, they constitute a visual composition aid that lies between unaided freehand drawing
and drawing aids such as snapping constraints and perfect geometric primitives.

Since kinematic templates can improve upon the consistency of one’s strokes, it is
beneficial for drawing visual styles such as hatching (an artistic effect that adds depth to
a drawing with uniform strokes drawn in close proximity) and repetitive patterns. Since
kinematic templates do not prescribe a type of output, one can “fight against” a template’s
preferred path of movement and discover unexpected, serendipitous outcomes.
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Figure 2.2: An artist drawing with both hands.

2.1.3 Randomness Added by Physical Media and Tools

There was an element of randomness added when using physical tools. For the case of
the ink bottle used by the second artist, many variables affect the output stroke such as
an ink’s shelf life, the time it takes to smudge the ink, the amount of ink added, and the
time taken for the ink to dry. These variables add to the randomness when using the tool,

which makes it difficult to reproduce the same output multiple times.

The randomness introduced by the ink allowed the second artist to find a desirable
output. For example, the second artist liked brushing and smudging freshly-added ink
because she did not have to conceive of where the ink would spread. She compared
the experience to using Adobe Photoshop, saying that it could be possible to replicate
the same output, but she did not imagine where the fill region should go. That is, she
leveraged the properties of the ink, brush, and paper to help define the appearance of the
output stroke.

In addition to the ink properties, the ink bottle had extension ink tips to make it
longer. The second artist held the ink bottle at the opposite end of the ink tip in order to
amplify small variations over the length of the bottle. (The artist could hold the bottle as
close as possible to the ink tip if she wanted to be more precise in her movements.)

Digital drawing tools, in contrast, operate without the randomness introduced by
physical drawing tools. Digital hand tools such as the blur and smudge tools behave
consistently with a given input. As the first artist commented, “That’s the hard thing

working digitally: I always find that there’s no accidents.”



2.1.4 Looking for Serendipity

Both artists valued imprecision being introduced into a composition because it could lead

to serendipity, as the first artist explained:

“Any time you are making any piece, you have problems as you are working
on it, then you have to figure out how to solve it visually. And to have these
problems or accidents are the best things because you’ll discover things that

you wouldn’t be able to make your own brain do.”

The first and second artist were adding serendipity when using their non-dominant
hands or through the use of tools. When drawing with their non-dominant hands, both
artists had less control in their movements, which could lead to accidents and uninten-
tional visual outcomes. The ink bottle’s design and ink attributes introduced an element

of randomness and, ideally, a serendipitous outcome for the second artist.

2.1.5 Varying Precision in an Input Device

A challenge emerged when working in digital media, which was caused by the size of
the input device. The graphics tablet limited the second artist’s range of movement to
lower arm and hand movements. In contrast, the first artist could make her canvas any
size that she wanted such as a wall-sized canvas for her charcoal composition. She could

then use her arms, elbows, and standing position to vary her input precision.

Although one’s range of movement cannot be changed by the physical limitations
of the input device, it is possible to change how movements are mapped from the input
device to the digital canvas. For instance, existing drawing software provides a zoom
factor when working in a digital composition. It gives an opportunity for the artist to
vary his or her hand resolution with respect to drawing content. That is, an artist does not
have to be as precise with his or her hand movements when zoomed in. When zooming

in, however, fewer areas of the composition are visible.

Although the merits of zooming are evident, the second artist did not change the zoom
factor except to have the whole composition fill the screen. She did not zoom into areas
of detail because she preferred to see the composition in its entirety. As a result, the artist
limited her range of movement to a specific tablet-to-content ratio (or more generally, a
control-display ratio as Chapter 3 explains). It may be useful for a digital drawing tool

to vary the tablet-to-content ratio when working in different areas of a composition.



Figure 2.3: A digital artist using an external Wacom graphics tablet. The graphics tablet
is about the same width as the laptop. Since the artist is left-handed, the graphics tablet
is placed slightly left of the computer, which allows her right hand to reach the keyboard.

2.2 Design Insights

The observations presented in this chapter can be used to inform the design of a digital

drawing tool:

e Software systems could be designed to predict where detailed areas exist on a
composition. In these areas of detail, one’s output precision can be varied. For
example, one’s movements can be slowed down when working in areas that require

attention to detail.

e Absolute precision is not always sought. Software drawing tools should allow an
artist to target varying levels of output precision, which allows an artist to preserve

qualities of the human hand.

e Artists are open to tools that do not behave consistently, which may help explore

alternative visual outcomes and introduce serendipity into one’s composition.

To vary one’s output precision, this chapter identifies that a tablet-to-content ratio can
be manipulated by changing a canvas’s zoom factor. To extend this notion, a graphics
tablet’s physical motor space, which is the physical space where a pointing device moves
[10], can be dynamically reassigned after a stylus has contact, for instance, to slow down
movements within areas of detail. An area that requires fine motor movement can be
enlarged in motor space without changing its size on the display. This has the advantage

over zooming because every part of the drawing can remain visible.
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2.3 Summary

This research identified themes from the observations of two working artists. First, pre-
dictable areas of the composition emerged that required fine motor movement for doing
detailed work. In areas that did not require attention to detail, an artist’s movements
were fast and less precise. The ability to vary precision was done solely by an artist’s
hand and arm movements. Second, in these areas of detail, both artists would sometimes
introduce imprecision by drawing with their non-dominant hand or through the use of
tools. Third, artists desired imprecision in their drawing because it added serendipity to
the composition. In contrast, digital drawing aids were perceived to behave consistently.
These findings suggest that digital drawing tools should be able to vary their precision
within a continuum between rough and precise output, which was partly addressed by

zooming in a digital composition.
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Chapter 3

Related Work

From the observations in Chapter 2, artists may want to their drawing precision while
preserving qualities of freehand drawing. This chapter surveys digital drawing tools and
techniques that modify one’s output precision. Existing digital drawing aids restrict one’s
output to specific locations and/or modify freehand strokes as a post-processing step.
Since artists may want to preserve nuances of the human hand in a digital drawing tool,
there is an opportunity to create a digital drawing tool to improve upon one’s freehand

output in real-time while maintaining “sketchy” qualities.

To vary one’s output precision in real-time, this chapter surveys techniques that influ-
ence cursor movement. Two major approaches are used to influence cursor movement.
First, movement can be influenced by modifying existing user input as it is transmitted
from the pointing device to the on-screen cursor. Second, movement can be influenced
by adding a displacement to the cursor regardless of input received from the pointing
device. This chapter identifies that these two approaches have potential to improve upon

freehand output while retaining qualities of the human hand.

3.1 Digital Drawing Aids

Many software drawing applications are available to digital artists. Painting applications
are provided from the open-source community with GIMP! and from commercial de-
velopers such as Adobe Photoshop? and Corel Painter.® Illustrators may prefer using

'GNU Image Manipulation program: http://www.gimp.org
http://www.adobe.com
Shttp://www.corel.com
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Figure 3.1: Using a line tool, two ends of a line segment are dragged. The stroke path
is irrelevant to the drawn line. Image from Ivan Sutherland [36].

vector illustration software such as Inkscape* in the open-source community or Adobe
[lustrator and CorelDRAW in commercial software. Beyond applications dedicated to
painting and illustration, office productivity suites such as Microsoft Office’ (e.g. Visio)
and OpenOffice® (e.g. Draw) provide basic drawing capabilities.” Operating systems
may provide drawing applications with a limited feature set such as Paint in Microsoft

Windows.

Software drawing applications provide a number of digital drawing aids, which oc-
cupy a continuum of output precision between unaided and precise output. To exemplify
this continuum, consider the basic drawing application in Microsoft Windows. Microsoft
Paint has hand tools such as the pencil and brush tools, metaphors of their physical draw-
ing equivalents, that draw strokes as they are received from the pointing device. (The
difference in input quality, though, is affected by physical limitations of the pointing de-
vice.) On the other end, Microsoft Paint has shape and line tools that produce perfect
output, which only depends on the start and endpoints. All the movement in between is
disregarded in the final output (Figure 3.1).

When drawing strokes with a software drawing tool, some digital drawing aids can
improve upon freehand drawing. This thesis classifies these digital drawing aids into two
categories, snapping constraints and stroke beautification. Snapping constraints modify
freehand strokes while drawing whereas stroke beautification has a visible delay in seeing
the final output.

“Inkscape, an open-source vector graphics editor, ht tp: //inkscape . org, has a feature set similar
to INlustrator and CoreIDRAW.

Shttp://office.microsoft.com

Shttp://openoffice.org

Office productivity suites provide tools for word processing, spreadsheets, presentations, and graphics.
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Figure 3.2: Snapping in a horizontal slider. In this example, the two pixels to either side
of the snap location cannot be selected.

3.1.1 Snapping Constraints

A snapping constraint limits the possible output locations when drawing a stroke. The
position of a stroke or object is defined by the software, for example, along predetermined
points, paths, objects, and angles in 2D [8] and 3D [7]. The final output from snapping

is visible immediately while drawing.

Since a snapping constraint prevents drawing in an immediate area around the snap
edge or point (Figure 3.2), it removes freehand variation in one’s output. When a snap-
ping constraint follows evenly spaced grid points, the output stroke cannot be added in
between the grid points (for example, in Adobe Illustrator). When a snapping constraint
guides output along specific angles (for example, when holding the Shift key and adding
a line in Microsoft Paint) or with a ruler added to the canvas [35], the stroke travels along
a straight line regardless of where the cursor moves: only the stroke’s start and endpoints
are specifiable by the user. Snapping movement along a line is extended to drawing

perfect arcs [35] and French curves segments [32].

A snapping constraint is beneficial because it reduces unwanted variation in one’s
stroke. For instance, a snapping constraint allows multiple strokes to appear aligned to
each other. Artists, however, may desire small variances off of the snap edge or point in
visual compositions. Since a snapping constraint does not allow small variations off of a

snap edge or point, it does not satisfy an artist’s need in this case.

3.1.2 Stroke Beautification

Stroke beautification techniques modify a freehand stroke as a post-processing step.
They do not constrain the placement of freehand strokes during input, but the stroke’s
appearance can change after a short delay or once it is completed. As an example in Mi-
crosoft Visio, the stroke output is fitted to different control points (selected points along

the input path) joined by splines and arcs as new input is received [6].
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Figure 3.3: A beautification technique morphs a freehand stroke to a straight line, circle,
and finally a box. The user sees the output stroke change as new input is received from
the pointing device. Image from Arvo and Novins [3].

Current stroke beautification algorithms reduce freehand variation in one’s output
to produce a particular style of refined output. Strokes may be shifted and scaled to
ensure alignment and uniformity in size [46]. The fluid sketching technique morphs a
freehand stroke to known geometric shapes [3] (Figure 3.3). In interactive beautification,
freehand strokes are replaced with geometric primitives that satisfy geometric properties
[24]. When using stroke beautification techniques, artists may find it difficult to draw

when their strokes change appearance while drawing.

Rather than changing the appearance of a stroke afterwards, a drawing “nib” may
trail the cursor’s current position [21, 40]. The nib provides a visual indication that the
cursor’s location is not directly related to the stroke’s output and that a stroke beautifica-
tion algorithm is in effect. In this case, artists have to form a mental model to understand

the effect of the algorithm.

3.1.3 A Non-Constraining Real-Time Drawing Aid

The real-time feedback provided by a snapping constraint allows an artist to see his or her
modified output immediately without any delay. Stroke beautification techniques allow
one to draw anywhere on a canvas. None of the surveyed digital drawing tools, however,
provide real-time output without constraining one’s output locations in a single drawing

tool. It may be useful to combine these attributes in a single digital drawing aid.

As this section described earlier, these existing digital drawing aids occupy a contin-
uum of output precision between freehand and precise output. The design of snapping
constraints, by definition, removes selectable areas of a drawing; thus, it improves upon
one’s output precision by removing variations in one’s output. The design of stroke
beautification algorithms also removes variability in one’s output strokes, for example,
by removing points along a freehand path and replacing them with mathematically-fit

curves. A new digital drawing aid can be created to selectively target varying levels of
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output precision without losing qualities of the human hand, which these existing digital

drawing aids have not considered.

3.2 Influencing Cursor Movement

Although digital drawing aids have not considered real-time improvements to freehand
drawing, one’s freehand input can be improved upon by influencing the cursor’s move-
ment. One approach is to modify input received from the pointing device via a control-
display (C-D) ratio. A control-display ratio maps displacement from the pointing device
in the physical world to displacements of an on-screen cursor [28]. Another approach,
which is independent of user input, is to add movement to the cursor regardless of move-

ment received from the pointing device.

Real-time influences to a cursor’s movement may be beneficial for a number of rea-
sons. The user will see the influence on the cursor’s movement immediately while draw-
ing a stroke. There is a tight feedback loop between moving the pointing device and
the corresponding cursor’s location. In regards to the stroke’s appearance, it will not
change appearance unlike stroke beautification techniques. There will be no discrepancy
between the cursor and stroke’s position (however, there could be a discrepancy between
the cursor and an interactive pen display that projects the display).

Despite these potential benefits for influencing cursor movement in drawing, prior
work has focused on influencing cursor movement in non-drawing tasks. This section
surveys techniques that manipulate control-display ratio and introduce cursor forces.
They are investigated mainly for pointing tasks and pseudo-haptic (simulated force feed-

back) response.

3.2.1 Manipulating Control-Display Ratio

Prior work investigated influencing cursor movement by manipulating a pointing device’s
control-display ratio. This thesis classifies these applications as pointing tasks, pseudo-
haptics, and visual alignment tasks. Of all the techniques, the latter application is most

relevant to creating a digital drawing aid.

Pointing Tasks

Previous work in manipulating C-D ratio focuses on facilitating pointing tasks. Since

one’s precision is limited by the size and resolution of the pointing device, researchers
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Figure 3.4: The cursor’s speed changes based on its position within a virtual “hill” texture.
Image from Lecuyer et al. [27].

have sought ways to reduce one’s difficulty in selecting a target. Card et al. [11] suggest
that targeting tasks can be modelled after Fitts’s Law, which describes how a target that
is larger or closer is less difficult to select than one that is smaller or further away [17].
Rather than change the size of a target on the display, many techniques manipulate C-D
ratio to change a target’s size in a pointing device’s motor space (that is, the physical
space in which a pointing device moves), which is surveyed by Balakrishnan [4] and
Casiez et al. [13].

A number of techniques manipulate C-D ratio based on a user’s input. Modern op-
erating systems change C-D ratio as a function of one’s speed on the pointing device
[4]. When the pointing device is moved slowly, C-D ratio is increased so that one’s free-
hand input can be less precise while maintaining precise cursor movement. Alternatively,
Wobbrock et al. [42] suggest using the angle of angular deviation off of a user’s general
direction of movement to determine when to increase C-D ratio. Instead of examining
a user’s input motion, a user can explicitly indicate when to slow down the cursor by
pressing a modifier key [33]. These techniques do not consider that certain areas require

more precision in movement than other areas.

Other work in changing C-D ratio suggests that user interface widgets can be associ-
ated with different sizes in motor space. In semantic pointing, Blanch et al. [10] suggest
that a widget’s motor space size can vary depending on its semantic importance. Worden
et al. [43] suggest making a target larger in motor space to help users with motor limi-
tations select a target. Cockburn and Firth [14] suggest enlarging a small target’s size in
motor space to make it easier to select. Some techniques even remove the motor space
surrounding user interface widgets. Upon leaving a target, the object pointing technique
[20] makes the cursor enter to another target without having to traverse the space be-

tween targets. A similar approach is applied to select an open sub-menu [2]. The goal of
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Figure 3.5: Different gradient functions for increasing (or decreasing) the cursor’s speed.
Image from Lecuyer et al. [27].

these techniques is only to stop the cursor on the target and do not consider the path of

movement towards the target.

Pseudo-Haptics

Pesudo-haptic research considers varying C-D ratio depending on the direction of move-
ment. Lecuyer et al. [27] investigate virtual “hole” and “hill” regions on the display,
which models the display as if it were a terrain with varying elevation. For a hill tex-
ture, the C-D ratio gradually increases when moving towards the region’s centre (Fig-
ure 3.4). A pseudo-haptic assessment tests how accurately a user can identify different
gradient functions (Figure 3.5). A user identifies a gradient change in C-D ratio by
moving the pointing device and observing the cursor’s corresponding movement. This
technique demonstrates that it is possible to simulate physical textures by altering the
cursor’s movement without physical force feedback, but it does not show how it could

be used to improve existing user interface interaction techniques.

Visual Alignment Task

In supporting a visual alignment task, the snap-and-go technique [5] modifies C-D ratio
independently on the X and Y axes. As an example in 1D, consider a horizontal slider
with a snap location (Figure 3.6). The cursor’s X-axis displacement is slowed when
crossing over the snap location, which is accomplished by increasing the C-D ratio on the
X axis. (The C-D ratio remains unchanged on the Y axis.) It makes it more likely for the
user to stop on the snap location, which is enlarged in motor space, while still allowing
one to select surrounding areas. The technique also suggests a tall and narrow “bar”
widget that slows movement along the X axis in order to guide movement vertically.

The technique is better than existing snapping constraints because a user can ignore the

18



snap location
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Figure 3.6: Guiding movement in software via motor space. The control-display ratio
is increased horizontally at the snap location (boxes represent enlargements in motor
space) for a slider in the snap-and-go technique [5].

alignment guide without having to switch modes. This work, however, does not make

use of the cursor’s path of movement in the final output.

3.2.2 Cursor Forces

As an alternative to modifying existing user input, movement can be added to the cursor
without a corresponding movement from the pointing device. They are investigated in

both pointing tasks and pseudo-haptics.

Pointing Tasks

Movement is added to the cursor to decrease the distance to acquire a target, which
makes a target less difficult to select according to Fitts’s Law (a target that is larger or
closer is less difficult to select). Prior work refers to added cursor movement as “forces”
acting on the cursor. Force fields have been added to pull a cursor to an open sub-
menu [1] (Figure 3.7(a)). With magnetic mouse dust [23], frequently clicked points on
the user interface exhibit a force as if the mouse and clicked points are point charges
(Figure 3.7(b)). When working with a trackpad, Yun and Lee [45] suggest adding inertia
to the cursor such that after one’s finger is released, the cursor continues to travel for
some distance in the same direction. These techniques alter the cursor’s path to reduce

the distance travelled from a pointing device, but they do not use the cursor’s path.

Pseudo-Haptics

Pseudo-haptic research also investigates using cursor forces. Simulated force feedback
is provided by adding movement to a cursor over particular areas of the display. The
Active Cursor system [39] provides user interface elements with metaphors of physical
phenomena. For instance, a widget that looks like an oscillating fan spins the cursor
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Figure 3.7: Cursor forces are added to (a) an open sub-menu and (b) frequently clicked
points in a window.

around. A widget that looks like sand adds random displacement to the cursor’s move-
ment. Watanabe and Yasumura [41] suggest adding random displacements to the cursor
to experience roughness and resistance when hovering over textures on the display. Al-
though both techniques consider the user’s response to these textures, they do not provide
these areas as end-user tools nor demonstrate how they improve upon existing interaction

techniques.

3.3 Design Insights

The goal of this work is to create a new digital drawing tool that scaffolds an artist’s
ability to vary his or her output precision. Influencing the cursor’s movement is identified
as one such avenue for exploration, but how the cursor should be influenced remains an

open question.

The design of possible cursor-influencing functions emerges from prior work in ma-
nipulating C-D ratio. First, C-D ratio can be changed depending on the user’s input or
specific to particular regions of the display. Since Chapter 2 identified that artists work in
areas of detail, a new digital drawing aid should modify C-D ratio within specific regions
of a drawing canvas. More importantly, manipulating C-D ratio can guide movement
based upon the direction of movement from a pointing device as suggested in pseudo-
haptic research and the snap-and-go technique. The snap-and-go technique [5] provides
a specific case where the cursor’s movement is guided along an axis, which improves

upon one’s output precision.

Cursor-influencing functions may also add “forces” to the cursor. Prior research
demonstrated adding movement to the cursor for facilitating pointing tasks and to explore

pseudo-haptic response. This work, however, has not demonstrated the applicability of
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cursor forces for a drawing task.

The merit of cursor forces is demonstrated outside of pointing tasks and pseudo-
haptics. The Magnetic Curves [44] system, a rendering technique, adds magnetic par-
ticles to a canvas. The trajectory of a magnetic particle is then altered by a “magnetic
field,” which can generate aesthetically-pleasing curves. If the cursor were a magnetic
particle, its path could also be altered to help draw curves. The current Magnetic Curves
system, however, does not allow a user to interact with a magnetic particle after it is re-
leased. Thus, cursor forces may produce a precise output that can be altered by the user,

but it has not been provided as an end-user drawing tool.

Although cursor-influencing techniques have not been demonstrated in end-user draw-
ing tools, they deserve exploration in a digital drawing aid. The ideas for further explo-

ration are summarized below:

e C-D ratio, the mapping of displacement on the pointing device from the physical
world to on-screen cursor [28], can be increased and decreased to vary a cursor’s

speed within specific areas of a drawing.

e C-D ratio can be defined separately for two orthogonal axes [10], which can guide
movement along an axis. For example, movement can be guided along the hori-

zontal axis by attenuating displacements along the vertical axis.

e When the user does not move the pointing device, the cursor’s movement can still
be influenced. Movement is added to the cursor, referred to as cursor “forces” [1,

23], that guides the cursor towards a point, along a line, or in a specific direction.

3.4 Summary

This chapter identified that a new digital drawing aid can be created to explore the space
between freehand and highly precise output. In addition to snapping constraints and
stroke beautification techniques, it may be useful to have a non-constraining real-time
drawing aid. Influencing the cursor’s movement is identified as a potential solution, but
prior work focused on facilitating pointing tasks, investigating pseudo-haptic response,
and supporting a visual alignment task. The insights from prior work lead to many possi-
bilities for influencing cursor movement in end-user drawing tools. An open opportunity
exists in determining what cursor-influencing functions should be provided and how they

should be provided as end-user drawing tools.
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Chapter 4

Implementation

This chapter introduces kinematic templates, end-user drawing tools that influence the
cursor’s movement in order to change one’s output precision. There are two types of
kinematic templates: passive and active templates. Passive templates alter input received
from the pointing device in order to change the cursor’s speed or guide the cursor along
particular paths. For example, a passive Slow-Down template slows cursor movement.
Active templates add movement to the cursor independent of user movement. For ex-
ample, an active Orbit template makes the cursor travel concentrically about a point by
simply tapping down with a stylus. One’s output precision is determined from the type

of kinematic template selected and from customizing a template’s parameters.

This chapter begins with the implementation details of cursor manipulation functions.
This chapter then discusses how templates are added in user-defined regions of a canvas,

how templates can be customized, and how multiple templates can be composed together.

4.1 Influencing Cursor Movement

At the fundamental level, kinematic templates are cursor manipulation functions that
influence cursor movement within user-specified areas of a canvas. These cursor manip-
ulation functions receive displacement from a pointing device to position the on-screen

cursor.

This section describes a subset of possible cursor manipulations: passive and active
templates. Although other templates can be created with a formal definition of a cursor
manipulation function (Appendix B), this section presents an equation that explains half
of the implemented templates.
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Passive templates are functions that alter existing displacement from the pointing de-
vice when positioning the on-screen cursor. When the user moves the pointing

device, the cursor travels in a path that may be different from a user’s expectation.

Active templates are functions that add displacement to the cursor’s location. They can
be conceptualized as “forces” acting on the cursor. Under the influence of an active

template, the user can still move the cursor.

A kinematic template takes effect when drawing (that is, the mouse button is pressed
or the tablet stylus has contact) in a template’s region. At a timer event, the cursor manip-
ulation function receives a pointing device’s displacement (change in position) between
the last and current timer event. The cursor manipulation function then computes the

displacement of the on-screen cursor.

Let the change in position from the pointing device be a vector [Am,, Ame}T (col-
umn vectors in matrix notation) where z; and x5 are axes in a 2-D coordinate system.!
The cursor’s displacement vector is computed by scaling or adding displacement as

shown below:
/
Amx1 Sz, - Amy, Vgy

Amf,c2 - Szy * Ay, * Uy “.D

where the pointing device’s change in position Am,, and Am,, is inputted to the equa-

tion and the cursor’s displacement vector [Am/, Am/, 2]T is computed.

A passive template is created from this equation with scaling factors s,, and s,, and
an active template is created with additive factors v,, and v,,. If no templates are in
effect, s,, = sz, = 1 and v,, = v,, = 0. Passive and active templates are not defined
concurrently. If this equation defines a passive template, the additive factors are 0. Like-

wise, if this equation defines an active template, the scaling factors are 1.

In passive templates, scaling factors greater than 1 increase the speed of the cur-
sor’s movement. Similarly, scaling factors less than 1 decrease the speed of the cursor’s
movement. To guide the cursor’s movement along an axis, circle, or to a point, the scal-
ing factors are set to constant values in Cartesian and polar coordinate systems as shown
in Table 4.1. For a Cartesian coordinate system, (x, z2) — (x,y). For a polar coordinate

system, (z1,x9) — (r,0).

The scaling factors along the preferred path of movement (along an axis, a circle, to
a point, or along a curve) can be generalized as s tangent to the path and s, orthogo-

nal to the path. For example, in a Cartesian coordinate system, the Hatching template

IThe transpose function [M]7 switches rows and columns.

23



Name

Parameters

Effect of Parameters

Passive: guides movement

Hatching sy=1,8,=02 Attenuates changes in vertical displacement
sx=1,5,=02 Displacement is partly attenuated on the

Grid’ or vertical or horizontal axis depending on the
5,=02,5,=1 direction of a user’s input

Compass s, =02, 50=1 Attenuates changes in radius about a point

Radial s,=1,50=0.2 Attenuates changes in angle about a point

Passive: guides movement along a user-provided path

Displacement off of a pre-defined path is partly

Tunnel Line si=1,5.=0.2 attenuated
Steady Hand' s1=1or0.2, Helps to draw curves by predicting the user’s
y $.=02 preferred path of the stroke

Passive: modifies cursor speed

Maximum Speed1 Sy =80 <1 Imposes an upper bound on the cursor’s speed
Minimum Speed1 Sey=80>1 Imposes a lower bound on the cursor’s speed
Speed Up Se=80=1.8 Amplifies displacement from the pointing device
Slow Down S =8,2=0.2 Attenuates displacement

One Way1 s, =020r Slows the cursor when moving left, but allows

the cursor to travel right at regular speed

Active: adds movement to the cursor

Conveyor Belt v, 70 Introduces displacement parallel to an axis
Orbit 970 Introduces concentric displacement about a point
Point Magnet v £0 Introduces displacement to and from a point
Introduces displacement to/from the centre of
Magnetic Line Vrsum # 0 the path (every point along the path is like a

Point Magnet template)

Active: adds movement to the cursor using a history of one’s input

vy o previous Amy;  |ntroduces displacement in the same direction

.1
Inertia as previous input from the pointing device

vy O previous Ami,,

' These templates are further explained in Appendix B.

Table 4.1: Passive and active templates created from Equation 4.1. (Passive template
scaling factors 0.2 and 1.8 are sample values.)
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guides movement along the horizontal axis, its preferred path of movement, by setting
sy = s =1and s, = s; = 0.2. If the user was moving the pointing device at 45 de-
grees to the horizontal axis, the resulting output would be a line moving at 11 degrees
to the horizontal axis. The s and s; notation is useful for describing the Steady Hand
and Tunnel Line templates where the preferred path of movement changes as a function
of the user’s input or cursor location, respectively. The user’s input includes the veloc-
ity and direction of movement from the pointing device as well as a history of previous

input.

In active templates, the additive factors are non-zero to add movement to the cursor.
The additive factors work in Cartesian and polar coordinate systems to make the cursor
travel in a straight line, in a circle, and to a point (Table 4.1). To maintain a constant
velocity, the additive factors are dependent on the timer’s period (duration between timer

events).

In general, the scaling and additive factors can vary based on the user’s input and
cursor position. For example, the Inertia template adds previous displacement from the

pointing device to v,, and v,,. These templates are described in Appendix B.

4.1.1 System Implementation

To provide cursor manipulation functions at the application layer, the system cursor is
hidden and an application-rendered cursor is shown using the .NET Framework user
interface toolkit [16]. Since only the displacement of the cursor is needed, it should be
repositioned on the application window whenever possible; otherwise, it may introduce
spurious clicks outside the application window. An application-rendered cursor is drawn

inside the canvas viewport to look like the system cursor.

Alternatively, the single groupware (SDG) toolkit [38] provides its own application-
rendered cursor and deals with hiding the system cursor. Flash [15] and Java [25] user
interface toolkits also provide facilities for hiding and showing application-rendered cur-

SOTS.

The cursor’s current location should be polled regularly by a timer to update the on-
screen cursor’s position. The timer interval should be set high enough such that jagged-
ness (visible straight line segments) is not seen in the output strokes. (In the current
implementation, the timer frequency is chosen empirically at 16 Hz.) Since delta move-
ments are measured from the displacement of the system cursor, this method works best
if all system-defined cursor acceleration functions [13] are turned off (such as the en-

hance pointer precision option in Microsoft Windows).
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Name

Effect

Example Usage

Passive: guides movement

— Hatching
H Grid
O cCompass
¥ Radial

Guides movement parallel
to an axis

Guides movement along
orthogonal axes

Guides movement concent-
rically about a point

Guides movement to and
from a point

Passive: guide movements along a user-provided path

Lo g .
~— Tunnel Line
tg Steady Hand

Guides movement along a
path drawn by the user.
The path can be widened

Guides movement based
on the current stroke’s
direction

Passive: modifies cursor speed

fk Minimum Speed
x@ Maximum Speed
= Speed Up

#Z  Slow Down

Enforces a minimum
speed on the cursor

Enforces a maximum
speed on the cursor

Decreases C-D ratio

Increases C-D ratio

Draw hatching (parallel) lines

Draw rectangles

Draw circles and curved
hatching lines

Drawing spokes of
a bicycle wheel

Draw similar curves or lines

Reduce “jitter” in curves or lines

Amplifies small movement
in user input

Attenuate high-velocity
movement

Span large distances faster

Work in a localized area

Active: adds movement to the cursor

3 Conveyor Belt

O orbit

¥ .

-)’i(- Point Magnet

44 o
'y Magnetic Line

Induces movement parallel
to an axis

Introduces angular move-
ment about a point

Induces movement towards
or away from a point

Pushes the cursor away
from the centre of a path

Create straight lines

Create circles

Repels/attracts the cursor from
a point; combine with orbit to
create a spiral

Draw curved lines that are
reasonably parallel

Active: adds movement to the cursor using a history of one’s input

» => =» |[nertia

A history of previous user
movement is accumulated
and added to the cursor’s
current movement

Cursor moves in the general
direction of previous user input
(as if sliding on ice)

Table 4.2: A basic set of kinematic templates provided by the template tool.
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