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Figure 1. A dynamic illustration authored with Draco, capturing the living qualities of amomentwith continuous dynamic
phenomena yet exhibiting the unique timeless nature ofa still picture. This animated figure is best viewed in Adobe Reader.

ABSTRACT
We present Dragoa sketckbased interface that allows

INTRODUCTION
For centuries, people have attempted to capture the living

artists and casual users alike to add a rich set of animatiofualities of surrounding phenomena in drawings. Sketching,

effects to their drawigs, seemingly bringing illustrations
life. While previous systems have introduced skdtaked
animations for individual objects, our contribution is a
unified framework of motion controls that allows users to
seamlesslyadd coordinatedmotions to objet collections
We propose aramework built around kinetic textures,
which provide continuous animation effectswhile
preserving the unique timeless nature of still illustrations.
This enables many dynamédfectsdifficult or not possible
with previoussketchbased tools, such asschoolof fish
swimming tree leavesblowing in the wind, or water
rippling in a pond.We describe our implementatioand
illustrate the repertoire cdnimation effectst supports A
user study with professionalanimatorsand casual users
demonstrate the variety of animationsapplications and
creative pssibilities our tooprovides
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in paticular, is a popular art mediurthat hasalso been
widely admpted as a powerful tool for communication,
visual thinking and rapid desigdue to its minimalistic yet
greatly expressive natureés][ While sketches do afford
mary techniques to convey dynaminootion of object,
such aspeed linesq0], arrows [L4] or afterglow effect §],
they are inherently stati#.he goal of this paper is to enable
artists and casual users alike to enrich static illustrations
with intricate and continuous animation effects, while
preserving the unique timeless nature of #ilistrations
(Figurel).

In recent years, researchers have developed new tools and
techniques for casual animation authoring uskgtching
[11, 21, 33] and direct manipulation 15, 29]. Such tools
typically support basicanimations, where motionare
defined for individual objects, and then coordinated using a
global timeline. In contrast, amy natural phenomena are
characterized by the coordinated motion of large collestion
of similar elementslike snowflakesfalling to the ground,
water drops dripping out of a fountain or school of
swimming fish (Figure 2). Animating large cdlections of
objecs with flexible controis still tedious and cumbersome
with existing sketchbasedanimation tools.

For authoring the animations of objectlections complex
software and workflows are often requiredGraphic
researchers have developeghtentspecifictools [26] and
models [22, 28] for particular phenomena, but these
methods are highly specialized and geared towards physical
accuracy for professional animators. Furthermore, defining


http://dx.doi.org/10.1145/2556288.2556987

Figure 2. Examples of coordinated motion of collections of objec{®oth natural and artistic). From left to right: snowfall, tree
leaves blowing in the wind and falling to the ground, water dripping from a fountain, school of fishand air blowing off from afan.

and controlling thesédehaviorstypically require indirect  consists of injecting the model withgranular motion
controls, including numerous parameters tweaking and compued from a set of sample animatipegembined with
scripting which makest difficult to rapidly prototype and  global constraintsas defined by the useOur approach
experiment with motion effects, even for an expert user.draws inspiration from thisvork in terms of formulating
From an interface design perspective, the key challenge tonulti-scale motion controls in ofiramework In contrast to
this problem is to formulate a general framework for previous work, we rely on more direct contrddg allowing

workflow and controls that is easy to use, but egpive
enough to author a wide range of dynamic phenomena.

the usetto definethe behavior and appearance of groups of
objects at the global anddal scales through sketching.

In this paper, we address this problem by contributing a5 ofessional Tools

general framework built around kinetic textyres novel

coherent data structure that consists of a set of simila

objects, to which dynamnscis applied at the collective and

individual scales. Built upon this framework, we present

Draco, a flexible and fluid sketcbased interface that

allows users to easily augment still illustrations with subtle

animationsof objectcollections seemingly kinging to life
the moment they portrayFigure 1). In contrast to
traditional animation tooJsvhere animations start and end
within a global timeline, our system supports continuous
motions, to enrich illustrations with dynamic effects similar
in spirit to seamlessly looping video cligk0], 16, 31].

After describing our framework and authoringstem, we
report on a user studyconducted with professional
animators and casual aristhat evaluates the usability of
our system, and demonstratthe variety of animations
applicationsand creative gssibilities our tooprovides

RELATED WORK

This section reviews prior work in theghysical simulation
of collections of objects existing animation tools, and
techniges aiming aadding motiorto static pictures.

Physical Simulation

Physical simulatios of behaviorslike that of crowds 22],
traffic [30] or flocks [28], excel at credng realistic motion
As such, theyhave been widely adopted in computer
animation industryto create the best dynamic illusion of
particularphenomend9]. Simulating thebehavior ofthese
specific collectiors is mostly geared towards producing
very specialized, polished and physically accurfial
outcoms. As a result, mst simulations do not apply

Applications like 3D Studio Max[3], Maya HM] and
[ightwave 3D [23] are some of the mainstays of 3D digital
animation tools. While these tools all@stists to produce a
variety of effectausing unafying physicsmodels theyare
targeted towards professional anintat@nd requie many
parameter tweaking, scripting and domain expertise.
Among 2D animation toolsFlash [2] and After Effects
particles plugin [26] are popular These equally require
expertise in scripting and parameter tweakingamimate
collectionsof objects We propose aystemthat capitalizes
the freeform nature of sketching and direct manipulation to
specifyand control thesgy/pes of behaviors.

Sketch -based Animation Tools

Researchers have explored methods for easy animation
authoring for novice animators, using motion sketching and
direct manipulation[11, 15, 29, 33]. In motion sketching
systemslike K-Sketch [11], the animatorcan selectan
object and sketch the path for the object to foll@d, R5,

34]. Other tools explat motion sketching for specific
purpose animations, such aharacter movemenf33].
DirectPaint [29] examires penbased techniques to edit
visual attributes of movingbject along their trajectory,
consolidating spatial and temporal control€ommon
among these systems is that ttalpw the ammation for
only a single object at a time, therefore requirimgmerous
iterationsto animate avhole collection Furthermore, these
systems lack higkevel controls to tune theollective and
individual behavioral properties of numeraiements.

Vignette is a sketciibased tool thatallows users to
efficiently brush textures and collectiod objects but

beyond their target phenomenod® QG UHTXLUH Mhel @btipi Ba® Wot been exploretl7]. Dracoprovides a

expertise to understand the underlying modeisd
parametersPrevious workalso suggest that nonphysics
based effects are oft@meferredfor theirflexibility [9].

Ma et al. [19] recently proposed to generalize physical
simulatiors using adatadriven gproach Their technique

similar interaction metaphorhut expands it to support
texture motion by allowing usersto efficiently specify
animatiors for collections of objects, and subsequently
adjust the properties of the global animation, as well as
finely tune thegranularmotions of the individual objects.



Adding Motion to Static Images

Artists and researchers have exploegjmentingimages
with motion as a way ta@apturethe ambientdynamics of a
moment Video textures 31] provide an infinitely varying
stream of images from a video sourcereserving the
timeless nature of a photograpBhuang et al[8] used a
semiautomatic approacto animate usedefined segments
of a staticpicture withsubtle motiorof passive elements in
response to natural forcdsspired by Cinemagraphs [10],
Cliplets [16] enable the creation of a visual media that
juxtaposes still images with video segmeri¥e bear
similar motivation to these works However, these
techhiques operate on raster gtaps and rely on video

complexity make them poor candidates fmasual tools
such as Flaskastheyrequirescripting (Figure3).

Flocking [28] can be characterized lopllectionsof objects
(agent} that exhibit some intelligencen how they inteact
with thdar neighborsor environmentThe group behaviay
can range fromunstructuredomnidirectional movements
(e.g.a swarm of insects}o organized coordinated ration
(i.e. a school of fish). Some professional tools include
specializedplugrins for specific simulations, each coming
with its own interface for manually controlling parameters

Stochastic motion[8] is characterized by the passive
movements of elementsuch agrass blades or tree leayes

sources for animation, providing no authoring capabilities underthe influence ohatural forces, such agind. Unlike

for the motiondynamics In Dracg users can authaand
control a variety of dynamic effects completely from
scratch with freefornsketchingand direct manipulation

DESIGN STUDY: WORKFLOW ANAL YSIS

particles systems and flocking, where objects have a global
path objects harmonically oscillatearound an anchor
Professional tools ofteallow animators to create “brushes”
of the elements toebanimated, and manually adjust various
parameters to specify turbulences. Such specialized control

To guide our designs and better understand existingare not supported in casual animation spah which case

practices for creating coordinated animations of largethe animator is required to keyframe a set ofreple
collectionsof objects, we conducted a design study. This glementsthenmanually copyandpaste then.

allowed us to better understand the vocabulafymotion
effectsand theworkflows currently being used today.

Methodology

We used a mixethethod approach for oustudy,
consisting of aranalysis of online instructionaideos, and
a set of interviews with professional animators.

We first collected and analyzed a setyafuTube tutorials
for stateof-the-art animation systems including Flash,
Maya, 3DStudio Maxand After Effects. For each tool, we

collectedat least one tutorial explaining how to create each

of the following effects that involve the animation of
collections of objects: rain or snow, falling leaves, swaying
grass, flocks or swarms, crowds and water ripples.

To gain further insights, and provide validation of our
findings from this analysis, we also conduciaterviews
with two professionalnimators We promptedhe experts
with scenariossimilar to thosein the videosthat we
analyzed andasked thenio demonstrate how they would
achievetheseeffects using their usual tofhoth use Maya)

Observ ed Animation Types

Consistent with prior literaturg24], we identified three
types of animationsised to reproduce effectisat involve
coordinated motion of collections of objecdfSigure 2):
particles systemglockingandstochastic motio.

Particles Systens [27] are usedto model phenomena such
as fire, clouds, andrainfalls. Such systemsmodel a
collection of dynamic objects (particleshosebehavior is
dictated by external forcesCreating prticles systems
usually requires finduning numerous parametergia
indirect controls in a complex interfadeiqure 3). Particles
systems aravidely usedby advanced animatqgrbut their

Figure 3: Interface of traditional animation tools. Here, snow
is being simulated by particles systems in After Effectgleft)
and ActionScript in Flash (right).

Observed Common Tasks

While the specificworkflows can greatlyvary, we did
identify two highdevel taskscommon across animation$
collections of object

Creating the collection of objects

Collections of objects are typically generated by replicating
a samplesourceobject spatially The typical workflow to
replicae the source objedhvolves manualcopy-pasing,
scripting (defining where and when objects should be
replicated or creating an emitter (in partislsystems) to
generate continuous stream of objects.

Defining the motion trajectories

Objects in a collection argpically given motion at two
levels of granularity: a global motiotihat applies to the
entire collection andwithin the collection a granular
motion that induces subtle variations in motion behavior
across individual object§lobal motia is typicallyguided
by a director path specifietanually or determinedby the
particles system emission directiobocal motion is
achieved through keyframinf@y using random variables in
scripss, or bymanipulating the particles system parameters



Insights and Discussion Simplified Ul and Direct Manipulation: Our system
Our design study elicited several interesting insights thatshould enable thecreaton and control of dynamic
will be important to account for in our own designs. phenomenawith relatively little effort by animators and

One of the insights made from our observations is thaimateurs, relying on uséistuitive sense of space and time
with freeform sketching and direct manipulation

animators have to use a number of different tools,
techniques andworkflows, depending on the type of Before describing our new systewhich was developed to
animationsthey creat. This limits the author'screative  support these design goals, we first introdube key
flexibility with any given tool. components of our general animation framework

It was also clear thathile professional tools are extremely
powerful and allow for production quality animations,
specifying he desired behavior by the animator is still
difficult. In particular, transposing a particular effect, even
a very simpleone in terms of physicbased simulation
requires significant expertis@his provides a significant
barrier to novice users and clearly detracted from the
overall experience even for experts:

KINETIC TEXTURES: AN ANIMATION FRAMEWORK

Based on the generalized workflow observed in our design
study, we propose a framework built around kinetic
textures a novel animation component that encodes
collections of objects and their associated motiGmur
framework builds on general concepts that are easy to
understand, while offering rich creative capabilities.

A kinetic texture consists of patch—asmall nunber of
representative gécts that serve as aource example to
generate the collection, ardset ofmotion propertiesThe
Most importantly, he tedium associated witthighly  motion properties definthe trajectory and movement of all
specialized physical sinfations seemed to be barrier to  the objects within the collection awo differentscalesthe
prototyping brainstormingand creative explorationfor global notion andthe granular motion

animators Our experts expressed their frustration for not ] o o
being able to quickly try out effects as they come to mind We introduce two types of kinetic textures: emitting
texturesand oscillating textureswhich differ in how the

P2:*1 need the details of the whole shot befstarting the collection is generated from the source patch, and how the
animation, the trajectory, starting and ending poihts global motion is definedrigure4)

P1: “I have to convert their artistic vision into physical
parametersl cannot provide input the way | am thinkihg.

Taken together, these insigheflect the currentneed for
rapid prototyping and exploratiotools, to allow artiststo
quickly designexplore and communicate animation effects
involving collections of objects

DESIGN GOALS

Based on the findings from the above studg derived a

set of desigrgoalsfor our new system, which will support
the rapid creation of scenes involving the animation of
collectionsof objects

Generality: Our system should enable useto create a Figure 4: The two types of kinetic textures. (a) Emitting
variety of phenomenawith a unified workflow. Unlike texture, defined bya source patch emitter (blue), global
traditional tools, usershould not needto be aware of motion paths (red)and granular motion. (b) Oscillating

texture, defined by asource patch brush skeleton (brown),

specific simulation parameters. Furthermore, our system I :
oscillating skeleton (orange), and granular motion

should not restrict users to specific fanathoredeffects.

Multi -Scale Motion Dynamics Our system should also Emitting Textures _ _
support the authoring of motions at both tjiebal and For both par_t|cles system z_;md f_Iocklng, the_global trajectory
local scaleof a collection. Global motiomill control the IS characterized by a motion field that guides the objects,
overall shape and direction of the collectiamile granular which is usually derived from law of physics (partile

motionshoulddired the variations of individual elements.  System)or a specific path flocking). Emitting textures are
designed to authauch animationgFigure 4a). Objectsof

Control & Flexibility : Our systemshould reduce tedium the patch continuously emanatdrom the emitter and
by synthesizing and propagating example motides  follow a global motion trajectoryguided by he underlying
individual objectsManually editinga collection of objects  motion vectors field computeétom the motion path(s)
is too tedious due to the numerous elemantiparameters  Additionalemitting textures componeritclude thetexture
whereas fully automated motion computation lested  outline and masKs), which can be specified tdefine the
expressivenessA mixed approach should offegeneric  area of the animation. Objectiecay as they cross the
controlof motions while supporting creative flexibility. outling, andtemporarily hideas they pass through a mask.



Three parameters control the dynamics of an emitting
texture. The emission velocitgritrols the initial velocity of
the objects, the emission frequeroytrols how frequently
objects are emitted and the cohesion controls the
magnetism of the objects towards the motion paiigsife5).

Figure 5: Impact of cohesionon the global motion of an object
collection. (a) A lower cohesion produces anore uniform
distribution between the motion paths. (b) Obstacle avoidance
effects are obtained with a higher cohesion, where objects are
more adhesiveto the motion lines

Oscillating Textures

An oscillating texture consists of a finite collection of
objects, built by replicating aourcepatch along a brush
skeleton The global motiorof the textureis characterized
by the oscillatory movementof the objects along the
skeletonbetween twokeyframepositiors (Figure 4b): the
initial brush skeletonand a target oscillating skeleton
Oscillating textures are suitabfer simulatng stochastic
motion with repetitive, continuous harmonic motions

Granular Motion

DRACO: INTERACTION AND IMPLEMENTATION

We designed ahimplemented Drac@ newsystemfor the
quick authoring of animations involving the coordinated
motion of collections of object@-igure7), Dracobuilds on
the above animation framework, and capitalizes the
freeform nature of ketching anddirect manipulation The
resultinganimationsare gjuxtaposition ofstaticstrokesand
kinetic textures The interface contains a main authoring
canvas, an interactive patch granular motianthoring, a
tool palette(Figure 8), and a small set of basic parameter
slider controlqi.e., velocity, cohesion, emissidrequency).

Figure 7: Draco user interface, consisting of
(a) a main canvas, (bjan interactive patch, (c)a tool palette
(seeFigure 8), and (d) parameter slider controls.

The two types of textures described above define the global

motions of tle object collections. In additiorgranular
motions can be added for intricate and finer details
Granubr motiors apply to every individuabbject of the
collection, and caritherbe a translationmotion where the
objects move along a twdimensional ptn (Figure 4a), or

a pivot motion where the objects rotate around a pivot
point (Figure 4b). The trajectory and orientation of
individual objects in the collection result from the
combinationof the glotal and granular motien(Figure6).

Our framework provides two granular motion controls:
velocityandphase The velocity quantifies the frequency of
the granular motion along the global pagiglre6d-f). The
phase refers to the level of synchronizatiorthef granular
motion amongthe individual objects At minimum phase
value, the granular motions of all objects are synchronized.

Figure 6: Motion factorization. Combining (a) the global

motion trajectory and (b) the granular motion results in

(c) the trajectory of individual objects. Manipulating the
velocity of granular motion affects the object’s trajectory (df).

Figure 8. The Draco tools.(a) Ink, (b) Ink Selection (c) Patch
(d) Patch Selection(e) Skeleton Brush (f) Oscillation, (g)
Motion Path, (h) Motion Profile, (i) Emitter, (j) Texture
outline, (k) Mask, (I) Perspective, (n) Play/Pause (n) Remove
texture, (o) Remove Motion and (p) RemoveTexture Mask

Interaction

Our design observations indicate two major repetitive tasks
to add coordinated motion to coltems of objects: creating
the collection, and specifying their behavior (motion). We
now describe the workflows for accomplishing these tasks.

Emitting Textures

Figure9 depicts the different steps for creating an emitting
texture The user first selects the patch taod draws few
representative objexthat will compose the source patich
generatehe target collectioifFigure9a). Using the emitter
todl, shedirectly sketcheshe emitter by drawig a stroke

on the main canvas-igure 9b), after which the system
immediately starts emitting elements perpendicular to the
emitter §igure 9c). If the emitter is a point, objects are
emitted in all diretions. The user can redraw the emitter by
sketching a new emitter stroke, in which case the current
emitterwill instantaneouslpe replaced.



After defining the emitter,he user can adjust the global
motion field of the collection by directly sketchimgotion
patts on the canvassing themotion path tool(Figure 9d).
The motion field is dynamically updated upon completion
of each new motion pathFigure 9e). We provide further
details on the computation of the motion field in the
implementation sectiorGranular motions can subsequently
be defined through direct manipulation with the interactive
patch widgetdescribed latefHigure9f-h).

The user can alsose the texture ounle toolto sketch the
boundaries of the texture, and the mask tmolsketch
regions within which objects should be made invisible

Users can control the velocity, frequency, and cohesion ofig e 10: Creating an oscillating texture. The user draws the
the emitting texture using associated sliders. source patch (here example leave&)), then sketches the brush
skeleton(b), which results in abrush texture, where the patch
is replicating along the brush skeleton (c)The user sketches
the oscillating skeleton (d), triggering the oscillation of the
texture (e). Finally, she adds pivot granular motion(f-g),
resulting in subtle local leave motions.

Granular Motion
As illustrated in the workflows ifrigure 9 ard Figure 10,
users can add granular motion to kinetic textures to induce
local variation in motion to objectthrough the interactive
patch widget To add granular motionthe user first
expands the patch region, thealecs the type of motion:
. ) » translation(Figure9g) or pivot Eigure10f-g). The user can
Figure 9: Creating an emitting texture. The user drawsthe then define the granular motion of objects through direct
source patch (nset: xample raindrops) (a), then sketches manipulation & any object within the patch. The performed

line emitter (b), which results in an emitting texture with a t f fi disol t tati . ded th
default motion (c). The usersketches a motion path (d), which ransformation (displacement or rotation) iecorded as the

instantaneously changes the global trajectory of the raindrops ~ USer manipulates the example objend isapplied to all of

(e). Finally, she adjusts the granular motion by adding subtle ~ the individua repeatedobject generated from the patch
translation to the raindrops (g), supplementing the global The controls associated with granular motion are displayed

motion (f), with local variations (h). below the expanded patechgion controlling the velocity
and phase synchronizatiofithe granular motion.

Oscillating Textures
FigurelOillustrates the workflow for creating an oscillating Motion Profile
texture. First, the user sketches a few example objects using/hen creating moving objectst is often desirable to
the patch tool(Figure 10a), then with the skeleton brush, dynamically adjustther scale andvelocity along their
directly sketcheghe skeletn of the textureon the canvas trajectory For examplepubblescan grow and decelerat
(Figure10b). Thisreplicatesthe patch along the skeleton in after their emissionHigure 12). To do sg the user selects
a similar way as in the Vignette systgh?] (Figure10c). the motion profile tool which displays therofile widgetat
the bottom of the canva@igure 11). The user carthen
select either acale or velocity icon and directiketch the
profile curve corresponding to the desired behavibhe
height of the profile curve defines the scale or velocity of
the elements along tleessociated point within itsajectory.

To create an oscillatory motion, the user selects the
oscillation tool, and sketches a target oscillatsigeleton
(Figure 10d). Upon completion, the texture oscillates
between the twakeletons, interpolating the positi@and
orientation of the repeated patch objects alongekrired
skeleton Figure10e). Similar as in themitting texture, the
oscillating &eleton can be redrawn by sketching the new
form, which automatically updatethe oscillation behavio
As with emitting textures, granular motions can
subsequently be defined using the interacfigéch widget Figure 11.Motion profile widget. A motion profile curve can
(Figure 10f-g), described latetUsers can control the speed be sketcheda) to define the scale (bpr velocity (c) of the
of the oscillations using a slider. elements The reference path along with marks is provided for
guidance (d) Here, the scale is set to gradually increase as
objectsproceed along their path(seeFigure 12f).



Figure 12: Creating an emitting texture The user draws the sample object&), thendirectly sketches the motion path(b). An
emitting texture is automaticdly created with a default (blue)emitter, perpendicular to the motion path(c). The userthen sketche
additional motion paths in order to spread out the bubblegd). Finally, she uses the motion profile widget (e)to adjust the scale(f)

and the velocityprofiles (g), so that the bubbles grow and decelerate as they move away from the emitter.

Workflow Flexibility PerspectiveTilting. Users can tilt a kinetic texture to create

Our system was designed to be flexible in the workflows ita 3D perspectiveffectwith the Perspective titbol.

supports. For example, when authoring an emitting texture . .
Texture Selection By default, the texture currently being

instead of defining an emitter first, the user could sketch a hored be edited. A i di
motion path, and a default emitter perpendicular to the?Uthored can be edited. At any tinusers can access, edi,

motion path would automatically be defined. Figur2 or remove previously authored textures. Clicking on the
depicts such aexample. For an oscillating texture, granular €@nvas with the texture selection tasslects the texture
motion can be added ithout defining an oscillating associated with the closest emitter, or brush skeleton.
skeleton, to create a textuteat has local motion only (e.g.

skip steps d and e in Figute). Implementation Details

Dracowas implementeds a Java application. Our tool is
Furthermore, users can easily edit existing textures bymultiplatform, and can run on any tablet or tablet pc.
overwriting components such as emitters, motion paths,

motion profiles, and granular motions. This, combined with Emitting Textures

immediate visual feedback of the result of the user’s actiondVe compute the global rtion field from the motion paths
greatly facilitates exploration, sindde user can quickly following a similar algorithm developed by Chen et &). [
experiment with different effects, with relatively little Each motion path igssigneddiscrete points R at fixed
effort. When a texture is selected, its components are madéntervals, with their associated unit motion vecter,. Ve

visible with colorcoded strokes (e.g. emitter draiarblue, denotes the direction of ttglobal motionof an objectat
motion paths in red, brush skeletons in brown), providingpoint P, which is defined as the weighted sum of all the
the appropriate visual feedback to the user. motion vectord/p, as follows:

Additional Features
Draco provides a omber of features for interactive

refinement and finer details. ) ) .
where dp. py, is the distance between the current object

StaticInk. Our resulting illustrations consist of both kinetic |ocationP and the motion path points,PThe coeficient .
textures and static ink strokes. The Ink Terdbles useto  defines the cohesion (magnetism) of the motion paths in the

sketch static strokesvhich can beselectedy lassoing with  motion field (see Figurs). The greater the value, the more
the Ink Selection Toplhnd deleteavith the Deletebutton. the objects tend to be attracted by the motion paths.

Background Imagesln addition to sketching static ink,
users can import a static background image to sketch on to
of. User can select from a set of pnethored backgrounds,
or choose any imagedm their own file system.

&lscillating Textures

e usea simple harmonic oscillation to simulate the
global motion of oscillating textures, using a sinusoidal
curve in between the two skeletons. We use Fernquist et
Visual Attributes A color widgetand a stroke sizslider al.’s stroke guidancalgorithm for morphing the shape of
allow users to manipulate the visual attributes of both inkthe curve between the brush skeleton and the target
strokes and kinetic textures. oscillating skeleton 13].



USER EVALUATION

We conducted a user evaluation with both professional
animatorsand amateur illustratordo gain insights about
our animation framework, interaction techniques, unique
capabilties, limitations and potential applications of our
tool. This study is also used to gather insigit how our
system compares to existing approaches, although we do
not perform any sort of formal comparison to existing

commercial tools. Figure 13: (a) A participant using our system to crede

animated illustrations. (b) The exercise taslkconsisted of three

Participants emitting textures (blue) and two oscillating textures ¢ed)
Eight participantstook part of thestudy(7 male$, aged24

to 43 years old(average 3P, half of whichhadmoderate t0  Resyits and Discussion

good sketching and illustration skill$1-P4) and four  Overall the participants responded positively to the
professional animator@>5-P8). Each participant received a simplicity of Dracds interface and concepts. All
$25 gift card rewarddir their participation. appreciated the unique capabilities of our tool

P5: “It i s not an animated scene with events and interaction
but | love the way it bilds up the momenwith ambient
motion making illustrations more expressive”

Study Protocol

All the experiments were conducted using the Wacom
CINTIQ 21ux tabletdisplay (Figure 13a). The evaluation
period lasted for 60~80 minutes for each participant, andParticipants particularly likek the ability to quicklycreate
consised of the following steps. different kinds of effectswhich can betedious to achieve
otherwise Participant’s average rating of the system’s
overall ease of usage was 4.63 out @frbn 4). Regarding
the overall experience, R®mmented:

Overview andraining (20~25 minute$. After filling out a
background questionnairea&h participant was givena
brief overviewand demonstration dhe systemThen,the
instructorwalked participantsthrough 6training taskshat P3: “Simple animation process with enough tools to create
consisted bsimple animated scenes, such as rain falling  detailed grphics and animation$

from a cloud, and seaweedscillating underwaterThe

training tasks were carefully designed to familiarize the Feedback on Animation Framework o
participants with theuser interface, features, capabilities Participants found the core concemi$ our animation
andcoreconceptof our animation frameworii.e. emitting  frameworkto bebothusefulandeasyto use(Figure14):

textures, oscillating textures, granulaotion and motion P3 “Overall... the concepts are straightforwardrom my
profiles). While the facilitator guided the participants to experence, there are only three basic concepthich are
follow the stepby-step instructiog participants were also texture, emitter and motion. The rest of thelgoare for
encouraged to explorat their will, and askas magy adding greater detail to the animation.”

questionsas desiredluring this training phase Participantsalso liked the multiscale motion for finer

Exercise Task10~15 minutes) Participants wergyiven an  details and variations

exercise scene, qonsisting@kinetictextu.resto reproduce P2: “[Granular motior] really lets me add visual complexity
from a model (Figure 13b) The exercise task covered  yery easily that would be incredibly time consuming to do
different types of effectancluding 3 emitting textures and otherwisé .

2 oscillating texturs. Granular motions and motion profiles
were also required to complete the exercise tas
Participants wergrompted withthe video of the target

effectson a separate display,hieh they could refer to at P2 “ The animation curve sketching is great ... very efficient
any moment The facilitator did not intervene unless the way to manipulate details.”

participant had trouble using the systéwa. time limit was

imposed.The purpose of this task was to observe whether

the participants could easily reproduzdargeteffect. The

facilitator recorded the completion time of the task, and

logged any errors that were madehe workflows.

kParticipantsaIsoIiked the fluidity of themotion profile to
‘quickly overwrite and manigate the properties of objects:

Freeform Animating and Feedback20~25 minutes:

Finally, participants werdree to explorethe toolto create

dynamicillustrations of their ownOnce done with their

artwork, marticipants were asked to fill out a questionnaire

to provide feedback about the system. Figure 14. Subjective results for the four core concepts.



Exercise Task Performance P8 believes thabur system couldignificantly reduce the

We were encouraged to see that all the participants finishegedium associated with creatiagimations for web comics.

the exercise task without any assistar@e average, the P4, P5 P7 and P8 pointed out to the fact that the system

exercise taskwas completed ir7:40 minutes(min 4:30 might be very appealing to children due to its ease of

minutes,max 13:40 minutel Across all 8 participants, 7 creation and playful experience.

workflow errorswere made5 of whichdue to a tool mix

up (e Pk he brush e ol e T 100) a0 567000 cureng cads ihaniaba . For
it . . : > - professionalusage the first thing that came to my mind is

emitting texture, which was intended, but quickly realized  gnimated illustrations ire-bools for children.”

that the desired animation effect would be better achieved . ) ] ] ]

using an oscillating texturén all casesusers were able to  All of the professional animators pointed out ptstential

independently recover from the errors thatwere apphcauon for bra|n§torm|ng and communicating ideas

encounteredThis was facilitated by our systésnabilites ~ during the storyboarding process.

to quickly redrawsketched content, such as motion paths, ps5 “|t would be a great fitfor Animatics &nimaed

andto immediately update the animation effects. storyboards)o convey the results and ideas more clefrly

- . Typically, storyboardsconsist of staticsketchesand simple
Some participants were more meticulousart others, animations (zoom)...]. One can easily add particle effects to

spending more timg fine tuning the'resuﬁer instanpe, P7 make it like a real scene.”

took 13 minutes without encountering any esravhile P1 ) _ ] o

took 4:30 minutes with two error@verall, the outcomes of ~ P3, & graphic desigmebelieves such kinetic textures can be
the exercise taskonfirmedthe ease of usage Dracqg and ~ Used for authoring animategtaphical objectso enhance

P7: “1 see this as agfect tool for kids and family to use for

the effectiveness of our training session web contentsuch as dynain cursors icons, buttons and
backgroundswhich is difficultto produce withH-lash
Feature Usage and Artworks Two animators P7, P8) mentioned that these kinds of tsol

Our participants authored a range of animated effects Withmight not fit with their current production pipeliraie to
kinetic texturesin the freeform usage stage and post i, dependenciesvisual style and other constrats
experiment usageParticipants usedsaillating textures 0 y5yever, both of them mentioned that such tools can be
animae landscapese(g. trees weeds), hairand simulating 564 in TV shows with certain visual stykesd illustrating
clothes andires. Emitting textures were used for réafis, some ideas whemitching ideas to the clientsOther
waterfalk, flocking, andwater ripplesOne participant used potential applications are photo collagé®s), animated

oscillating textures in. amnexpected way, to.a}nimate the diagrams for presentatisnpapersandvideos P1), as well
legs of a scuba diveF{gure15a).Several participants used ,oqnjine portfolios P3).

emitting textures to createcamera movement effeckjith
moving backgroundgFigure 15b). We were pleased to s€€ | imitations & Future Work

the system used everalways that we hada previously  \hile participants wergenerallysatisfied withDracq they

considered, demonstrating the systefiexibility. also pointed outsome limitations that could guide future
enhancementdMost notably,participants wanted to instill
ambient motionnto single objects:

P2 “I have to think in terms of pattes (textures), rather than
just animating asingle object”.

We were aware that participant might see this as a

limitation, but our research focus was on the animation
framework for collectionsof objects. We believe systems
Figure 15: Artwork created by participants using Draco like K-Sketch[11] could adequately address this limitation.
(a) Underwater scene with leg movements (oscillating), school In the future, it would be interesting to expand the

of fish and bubbles (emitting) (b) Flying rocket with flames . .
(oscillating) and moving stars (point emitter / motion profile) vocabulary of our mOt.Ion. .td)e .able to animatdoth
structured textures and individuzbjects

Potential Applications Another limitation pointed out by P8vas a lack of
Participants pointed out their desire to use our tooh  interaction between the objects (i.e. collisioattraction
variety of applicationsfor both personal and professional during the animatiorin this projectwe focused orease of
usageP2, P4andP8indicated motiorandwebcomicsas @  creation and reaime performance, rather than precision
suitablemedium for kinetic textures: and physical accuracyHowever, additional controls for
P2: “I always wantdto have ambient motions in my comic object interactions would be a fruitful area of exploration.

patr.‘9| bf;‘g"grounifr[{--l unlike a”"?atiog_s with ?b"ems and  participantsioted several other improvement opportunities
actions thatlisruptine experience of reading comics and feature requests, suchiagproved drawing capmlities



with better rendering, brushemdopacity(P3, P6, P§; the
ability to providemore than two skeletorfer oscillating
textures P6, P7, P§; finer controls for granular motions,
such as deformations andhanging pivot points for
rotatiors (P1, P2, P5, P§ and changing objeatlensity
spatially with motion profile like control$6, P7, P§.

In the future, we plan to give greater controls to more
advanced users, without sacrificing the simplicity of usage.
One way to achieve that goal might be to use a hierarchic

advanced settings and controls according to their usage.

CONCLUSION

We havepresentedracq a sketching toathatenables the
creation of a wide range of intricate animation effects
seemingly bringing illustrations to lif§he core component
of our system is kinetic texturesa new animation
framework which simultaneously achieves generality,
control and ease of us&he interaction techniquewithin
Draco capitalizeon the freeform nature of sketching and
direct manipulation toseamlesslyauthor and control
coordinatednotions of collection®f objects Dracopushes
the boundary of an emerging form of vismaddia that lies
betweenstatic illustrationand videosOur user evalation
points to a variety of applications that would potentially
empower end users to author and explore anmmaffects
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