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Figure 1: RealityCanvas workflow (from top left to bottom right): 1) select a hand as a tracking point, 2) sketch an umbrella
bound to the hand, 3) the umbrella moves when the hand moves, 4) sketch a raindrop, 5) draw a cloud as an emitter line to
show particle effects, 6) the cloud also moves with object binding, 7) select the ground and right foot then sketch a water splash,
8) show the water splash and contour highlight based on the stomp action.

ABSTRACT

We introduce RealityCanvas, a mobile AR sketching tool that can
easily augment real-world physical motion with responsive hand-
drawn animation. Recent research in AR sketching tools has en-
abled users to not only embed static drawings into the real world
but also dynamically animate them with physical motion. How-
ever, existing tools often lack the flexibility and expressiveness of
possible animations, as they primarily support simple line-based
geometry. To address this limitation, we explore both expressive
and improvisational AR sketched animation by introducing a set

“Both authors contributed equally to the paper

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

UIST ’23, October 29-November 1, 2023, San Francisco, CA, USA

© 2023 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 979-8-4007-0132-0/23/10...$15.00
https://doi.org/10.1145/3586183.3606716

of responsive scribble animation techniques that can be directly
embedded through sketching interactions: 1) object binding, 2)
flip-book animation, 3) action trigger, 4) particle effects, 5) motion
trajectory, and 6) contour highlight. These six animation effects
were derived from the analysis of 172 existing video-edited scribble
animations. We showcase these techniques through various appli-
cations, such as video creation, augmented education, storytelling,
and AR prototyping. The results of our user study and expert in-
terviews confirm that our tool can lower the barrier to creating
AR-based sketched animation, while allowing creative, expressive,
and improvisational AR sketching experiences.
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1 INTRODUCTION

In recent years, many augmented reality (AR) sketching todlslp,

45 67 have been explored in human-computer interaction (HCI)
research, thanks to the proliferation of augmented and mixed reality
(AR/MR) devices. In contrast to traditional screen-based sketching
interfaces such aSketchPadl69, Pegasu§lq, Draco[3§, and
many others P, 15 40, AR sketchingnables the user to sketch
and annotate directly onto a live or recorded real-world scene,
opening up untapped opportunities for many applications, such as
3D design and prototyping (e.gSymbiosisSket¢l], DesignAR59),
education (e.gAugmented Bodyl 1], PaperTrai[58), collaboration
(e.g.Vuforia Chalk[ 27, PintAR[17), and entertainment (e.gJust

a Line[21], DoodleLeng’2]).

While many existing AR sketching tools focus @tatic sketch-
ing, in which sketched elements oat in the mid-air without being
animated, more recent works have explordginamic sketching
in which the sketched elements can animate and respond to real-
world interactions 33 57, 60, 61, 67]. Such dynamic AR sketching
tools allow more interactive and engaging experiences for vari-
ous applications, however, these existing tools either require both
preparation and pre-de ned con guration, hindering real-time and
improvisational exploration (e.glnteractive Body-Driven Graph-
ics[61], ChalkTalk AR 57]) or they do not support freehand drawing
except for simple line-based geometries, signi cantly limiting the
exibility and generalizability of possible animations (e.dreali-
tySketcH67], Graphiti[60], Sketched Realif33]).

To address these limitations, we introduce RealityCanvas, a mo-
bile AR sketching tool that allows the user to embed responsive
sketched animation to a live or recorded real-world scene through
freehand andreal-time sketching interactions (Figure 1). The
goal of RealityCanvas is to enable magpressivget improvisa-
tional AR sketched animations that can respond to and interact
with the real world (Figure 2). With both expressive and improvi-

step work ow: 1) object trackingthe user speci es a visual entity
(e.g., a physical object, a skeletal joint) to track in a live or recorded
real-world scene; 23ketch elementthe user adds sketched objects
with freehand drawing; 3pnimate sketched elemerite sketches
respond to the world based on the above animation e ects. With
these range of techniques through a simple work ow, RealityCan-
vas lets the user sketch responsive AR animatioméaal-timeand

in exible ways, without prior preparation or planning.

We demonstrate applications of RealityCanvas including social
media video creation, augmented classroom education, and sto-
rytelling. We evaluate our system through two user studies: 1) a
usability study with twenty participants, and 2) expert reviews with
seven professional video creators and theatre professionals. The
study results con rm that our tool lowers the barrier to creating
AR-based sketched animation by enabling the end-user to quickly
draw expressive animation in engaging and intuitive ways.

In summary, this paper contributes:

(1) A taxonomy of existing scribble animation e ects that in-
forms us of the possible design space of expressive AR sketched
animation.

(2) A set of techniques that enable authoring of expressive
freehand AR sketched animations through improvisational
sketching interactions.

(3) An implementation, applications, and the user evaluation of
RealityCanvas.

2 RELATED WORK

2.1 Augmented Reality Sketching Tools

With recent advances of AR technology, there is an increasing num-
ber of AR (or VR) sketching tools in both commercial products (e.g.,
Just a Lind 21], TiltBrush[2Q, Gravity Sketcti22, Vuforia Chalk
AR[27) as well as research prototypes (e.8ymbiosisSket¢h,
VRSketchlfil(, PintAR[17)). By leveraging the bene ts oblend-

ing virtual sketches into the physical world, these tools expand

sational capabilities, RealityCanvas allows users to spontaneously the real-world sketching experience for designing (e $ymbio-

blend digital sketches and physical motion in a exible manner,
without the need for prior preparation or planning. This enables
interactive exploration and experimentation in real time, unlike
prior work [57, 61].

To design our system, we rst collect and analyze 172 exist-
ing video-edited scribble animation examples to inform us of the

sisSketchl], Mobi3DSketcf38, DesighAR59), AR prototyping
(e.g.ProtoAR 54, 360Prot¢53), education (e.gRaperTrai[5§,
Augmented Bod}11]), collaboration (e.gYuforia Chalk[27], Pin-
tAR[12]), and entertainment (e.gQoodleLeng’2]).

To go beyond simple static AR sketching, more recent works
have started exploringlynamic and responsiwketched anima-

possible design space of expressive and comprehensive sketchedion, in which the sketched elements can animate and respond to

animations which respond to real-world interactions (Figure 3).
Based on the analysis, we identify the following six most common
scribble animation e ects: 1pbject binding : dynamically move
sketched elements based on the body or object movemerilip2)
book animation : creating an animation based on multiple sketched
frames, 3pction trigger : one-time animation e ect based on the
speci ¢ action, 4)particle e ects : spawning many sketched ele-
ments around the object, Botion trajectory : showing the motion

the corresponding real-world interaction. For exampleteractive
Body-driven Graphicks]] or ChalkTalk AR[57 allows the cre-
ation of dynamic sketched animations for augmented storytelling.
RakugakiAR 30 allows the quick creation of animated sketched
characters in AR. Tools likRapidd 44 and Prontq[45 leverage
expressive freehand sketched animations for video-based AR pro-
totyping. Moreover,RealitySketch67], Reactild6€, Graphiti[60,

and Sketched Realif3J let the user bind sketched elements with
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a physical object so that the user can create responsive animations
with real-time and improvisational sketching interactions.
However, these existing tools often require pre-de ned con gu-
ration or preparation 5 57, 61]. For example, prior work $7, 61]
distinguishes between preparation phasandinteraction phaséy
requiring the user to prepare asset8]] or pre-programmed ani-
mations [57] prior to the performance, which hinders real-time and
improvisational sketching exploration. On the other hand, there
are some real-time dynamic AR sketching too83[6Q 66 67, but
they do not allow freehand drawing, limiting the exibility and
generalizability of possible animations. In contrast, our tool enables
bothfreehand andreal-time AR sketched animation, allowing for
more expressive, exible, and improvisational animation authoring
to augment live or recorded real-world interactions through AR.

Figure 2: Related work of AR sketched animation tools

2.2 Screen-based Sketched Animation Tools

Apart from AR sketching tools, HCI research also has a long his-
tory of screen-based sketching tools (e.§ketchPadi6y, Flat-
land [52, Silk [39, Teddy[17], Electronic Cocktail Napkifi4],
ILoveSketcf?)). In particular, recent works have explored real-time
interactive sketched animations, which make static sketches dy-
namic and animated using the power of computation. For example,
Draco[ 36 explores sketched animation through direct sketching in-
teractions based on kinetic textures. Such tools have democratized
opportunities for animation authoring, which were previously only

accessible to professional animators or video editors. These tools ads [L
are used for many applications, such as math and science educa-,

tion (e.g. MathPadZ441], Physinif63, Apparatuq 67), storytelling
(SketchStorj43, Stop Drawing Dead Fi$i(), data visualization
(e.g.,NpakinVis[5], Data lllustrator[4§, Transmogri cation[4],
Datalnk[73), live music performance (e.gVlegafaund3]), and
artistic animation authoring (e.gKitty [35, Draco[ 36, Motion Am-

pli ers [37]). While these works have expanded possible sketched
animation techniques, these interactions are only available on a

computer screen. VideoDoodles recently proposed a system to cre-

ate hand-drawn animations on video34]. However, their focus is
also on video editing and their main contribution lies in a custom
tracking algorithm for perspective deformations and occlusions. On
the other hand, our focus is mainly on live AR scribble animation.
3

Also, our main contribution lies in the taxonomy and design space,
which has not been previously explored. Our goal is to bring these
dynamic sketchintechniques into AR sketching tools by leveraging

real-world interactions, as opposed to screen-based interactions.

2.3 Authoring Tools for Augmented E ects

Augmented animation e ects adding visual e ects to enhance live

or recorded videos have been used in many videos on YouTube
and TikTok. Traditionally, creating these e ects often requires ex-
tensive skills using professional tools such as Adobe Premiere Pro
or Final Cut Pro. For example, tools lik&cribbl[31] also provide

a means to create scribble animation e ects for recorded videos,
but these tools only suppoiframe-by-frameauthoring without any
object tracking or binding, which leads to signi canttime and e ort

to create animations, limiting real-time and improvisational explo-
ration. To Il this gap, HCI researchers have explored alternative
authoring approaches for such augmented animation e ects. For
examplePoseTwedd 7] lets the user add virtual e ects based on
human movement to create augmented action videos. SnapChat's
Lens Studif29 also allows face augmentation with a simple au-
thoring work ow. RealityTalk[4€ also introduces an authoring
tool to augment live presentations with embedded graphics. These
tools allow for the creation of impressive augmented animation for
various applications, including live storytellingdg 61], entertain-
ment [47], education [LJ, collaborative discussion®] 34, data
visualization [7], and sports training b, 26 64. In these tools, how-
ever, the user needs to prepasssetin advance to augment the real
world. In contrast, RealityCanvas lets the user draw these assets
through sketching in real-time, which greatly enhances exibility
and improvisational interactions.

3 DESIGN SPACE OF AUGMENTED AND
RESPONSIVE SKETCHED ANIMATION

3.1 A Taxonomy Analysis of Scribble
Animation E ects

To better understand the possible design space of augmented and
responsive sketched animation, we rst collected and analyzed 172
existing video-edited scribble animation exampl&gribble anima-
tion e ectsare a common video-editing technique to simply add
scribble illustrations over a recorded video for each frame. Because
of the exibility and aesthetics of the scribble e ects, such anima-
tion techniques are often used in music vide®; $0, commercial

8 24, 25 2§, trailer promotion videos 9, and presenta-
tion videos R3. Currently, these scribble animation e ects are
created by manual hand-drawing for each frame, but the resulting
videos e ectively showcase the potential animation techniques for
embedded and responsive sketching.

3.1.1 Corpus and Methodologye searched for video examples
using popular video and image search platforms (e.g., Google Im-
ages, YouTube, Pinterest, Behance, Vimeo, TikTok) by usicrip-

ble animation, scribble e ects or scribble animation e ectsas
keywords. We rst collected 172 scribble animation videos, then
Itered these videos by focusing only on those with embedded
and responsive animations (i.e., remove those where the animation
does not interact with or respond to real-world motion), which



Figure 3: Six common scribble animation techniques based on the taxonomy analysis

gave us a total of 120 videos. Given the collected videos, one of In scribble animation e ects, many videos use ip-book animation
the authors took screenshots for representative examples for each for morphing the shape of the sketches or adding a dynamic e ect
video and conducted open coding to identify a rst approximation to existing sketches. Flip-book animation is often used to combine
of the dimensions by categorizing them. After this process, two di erent animation techniques. For example, when combined with
authors used an online whiteboard (Miro board) to perform system- object binding, it can create animated object binding e ects.

atic coding with individual tagging. Finally, all authors re ected  3) Action Trigger: Action trigger is a one-time animation e ect
upon the design space and corresponding examples until all agreed played when a certain action happens. For example, when two
on the consistency and comprehensiveness of the categorization. objects collide, the scribble animation can show a bumping e ect
While we did our best to cover the comprehensive and exhaustive to highlight the collision. Alternatively, such actions can also be
design space, due to the nature of the manual search and taxonomy bound to di erent triggered actions. Possible actions we have ob-
analysis, we do not argue that our proposed design space is the only served are hand-clapping, kicking, touching down, hand-waving,
way to categorize the existing embedded and responsive sketched and stomping, among many others.

animation. Rather, our goal is to identify common animation tech- 4) Particle E ects: Particle e ects are a technique to create re-
niques to get insights for ourselves and the HCI community to peated animation with many spawned elements. For example, some
explore the possibilities of sketched animation for AR. Our results videos use scribble particle e ects to e ectively create raindrops,

and example videos will be also available on the website wind ow, or smoke animations. In contrast to action-trigger, parti-
cle e ects are intended to be repeated e ects.
3.2 Six Common Animation Techniques 5) Motion Trajectory: Motion trajectories are used to highlight

1) Object Binding: Object binding is a technique for binding & certain movement of the body or object. By showing the path
sketched elements to a body or physical object, so that the sketches trajectory, the video can make physical motion more visible and
dynamically move according to the corresponding body or object €XPressive. Such motion trajectory is often used to make human
movement. Examples of object binding include a scribble wing for @ctions stand out, as in dancing and sports videos. Most of the
a human body, scribble glasses or hats for a human face, or scribble Motion trajectories use a simple path animation that shows the
exhaust for a car. The attached sketched objects are mostly static in &fterimage of the body. Some other examples create more expressive
their shape, so that only the position or orientation changes based Motion e ects by using a morphing animation.

on the position of the bound object. 6) Contour Highlight: - Finally, many scribble animations use an

2) Flip-Book Animation: Flip-book animation is a common an- animated contour line to trace a body or object. This allows a

imation technique that can be used for many di erent purposes. selected object or body part to stand out by highlighting its contour.
When the body posture changes or the object moves, these contour

1 https:/filab.ucalgary.calrealitycanvas lines keep following to t the bound object. Most of the contour



Figure 4: Authoring Work ow of RealityCanvas

highlight lines are static, in which the entire contour is covered improvisation enables the users to engage with this new medium
by a single line, but some examples leverage an animated line, in to generate new and original ideas they may not have thought of
which a partial line moves across the contour of the object. before.

4 REALITYCANVAS 4.3 Authoring Work ow

4.1 Overview _ _ At a high-level, RealityCanvas provides the following three-step
Based on the above design space, we designed and developed Realiyork ow: 1) object selection and tracking, 2) sketch elements, and
tyCanvas, an AR sketching tool to augment a captured real-world - 3) animate sketched elements.

interaction through responsive scribble animation e ects. As a ba-

sic setup, RealityCanvas uses a mobile device and a standard RGBstep 1. Object Selection and TrackingTo create embedded and
camera. Therefore, the user can sketch elements with a nger, a responsive animations, the sketched elements need to be tightly
pen, or a mouse on smartphones, tablets, and laptop computers. coupled with the body, objects, and/or environments. Thus, captur-
The RealityCanvas system uses computer vision for object tracking ing and tracking an object is the rst step to making the sketches
and intel’action detection, a”OWing |t to WOrk Wlth either |iVe or responsive to physica' motion. To track an object’ the user can sim_
recorded videos. For recorded videos, users can pause the video top|y pause the video input or ask the performer to hold still. Then,
sketch and de ne animations, which then start animating whenthe  the yser can select a point of an object (based on color tracking) or
video is resumed. For live videos, users can embed animations onto 5 part of a body (based on skeleton tracking). Once selected, the

a real-ime video stream. In our setup, a performer can see the live system overlays a green dot on the selected point to indicate the
sketched animation through an external monitor connected to the  tracked point on the body or object.

tablet, similar to 46, 61], and collaborate with the user to create a

live performance that can later be saved as a video. All sketched step 2. Sketch ElementsOnce the user selects a tracking point,
elements are displayed as 2D objects on a screen, without any depth they can start drawing a sketched element. The user can simply
e ect based on camera movement. The system is developed using sketch any shape by freehand drawing in the scene. The user can

web technology and a live demo is available on our websit&o also change the color, thickness, and opacity of the stroke when
make AR sketched animation accessible to everyone, we will release grawing.

the source code as an open-source project

. Step 3. Animate Sketched ElementsThe key feature of Reali-
4.2 Two Key Design Goals tyCanvas is the animation process. Informed by the design space
RealityCanvas is designed with two key goals in mirekpres- exploration, the system provides six di erent ways to animate the
sivenesandimprovisationExpressivenessefers to the range of sketched elements through direct manipulation.
animation e ects that the system can provide, and we have de-
signed six types of sketch animation e ects (A1-A6 below) to cover ~ Al. Object Binding: Bind the sketched element to a tracked

a wide range of expressions, informed by the design space analysis point on an object or body part

of existing scribble animations. This allows for open-ended ani- ~ A2. Flip-book Animation:  Add multiple frames of sketches to
mation drawing, which was not possible with prior system&{. create a ip-book animation e ect

Improvisation , on the other hand, enables users to spontaneously ~ A3. Action Trigger: De ne the trigger to specify when the
create animatiorin real-timewithout prior preparation or plan- sketched elements appear

ning, as opposed to prior system§7, 61]. This is achieved through A4. Particle E ects: Draw a line to spawn many cloned ele-
both freehand drawing and immediate response, which are crucial ments

not only for faster creation but also for unexpected discoveries ~ A5. Motion Trajectory: Specify a tracked point to show the
through playful exploration and experimentation. This design is path by cloning elements

guided by Victor's principle reators need an immediate connection ~ A6. Contour Highlight:  Select the object to highlight its con-
to what they are creating69), and we believe that the support of tour with a sketched line

2htps-/lilab.ucalgary.calrealitycanvas In the foIIOW|_ng, we describe each sketched animation technique
Shttps://github.com/ucalgary-ilab/realitycanvas in more detail.



Al. Object Binding A3. Action Trigger

Once the user selects an object to be tracked, the user can start The above two animation techniques are always-visible animations.
sketching an element. By default, the sketched elements are auto- On the other handaction trigger animations allow the user to
matically bound to the selected tracking point, so that the sketched create animations that appear only when a certain action occurs.
element starts moving when the tracked object moves. For example, To use this feature, the user can simply track multiple points and
in Figure 5, the user selects a shoulder as a tracking point, then specify the user-de ned trigger action. In our system, the user can
draws a violin around the tracked point, so that the sketched violin  de ne the trigger based on the distance between two points. For
starts moving when the shoulder moves. In the same way, the user example, in Figure 7, the user rst tracks left and right hands, and
tracks a right hand and binds a sketched violin bow; then, the bow then the user draws a bumping sketched e ect. Once the user clicks
also moves based on the user's hand movement. the trigger button, then the system continuously tracks the dis-
tance between the two points. By default, the system triggers the
sketched bumping e ect when the distance between the two points
decreases below a threshold of a user-de ned pixel distance . The
user can adjust the trigger parameters using a slider to determine
the distance threshold value and a button to change the triggering
direction. By toggling the direction, the user can trigger the action
when the distance between two points increases rather than de-
creases. This allows for greater exibility in de ning the trigger
conditions.

Figure 5: Object Binding

This animation technique is useful fabject binding, in which
the sketch is bound to a body or object to augment the real-world
scene. In this simple object binding, the sketched element itself is
static and only its position moves and its orientation and scale do

not change.

A2. Flip-Book Animation Figure 7: Action Trigger

To make more expressive animation, the system allows the user to

createflip-book animation e ects. In this animation technique, By combining this with the above ip-book animation e ect, the

the user can draw an additional sketch as a new frame, and the user can create even more expressive animations based on human
system shows these sketches one by one to create an animation.action. For example, Figure 1 illustrates how the user can show a
For example, in Figure 6, the user rst selects a red cup, then draws water splashing e ect when the actor stomps the ground. In this
a circle around the selected point while the performer holds still  case, the user can select the left foot and the ground as triggering
in live mode. Similarly, the user can pause the recorded video at a points using both body tracking and object tracking, then draw
speci c frame to sketch the circle. Then, the user selects the add a ip-book animations as trigger action e ects. In this way, the user
new frame button so that they can draw the next shapes for frame- can create a variety of animations based on the user's action.
by-frame animation. Once the user nishes drawing all frames, the
user clicks the save button to apply the ip-book animation. Inthis ~ A4. Particle E ects
way, the user can create an animated circle whose size appears to The system also lets the user creatarticle e ects through im-
change. The drawn animation is also bound to the tracked object, provisational sketching interactions. To create particle e ects, the
so that the animated circle moves when the tracked object (red cup) yser rst sketches an element of the particle, such as a raindrop in
moves. Figure 1 or snow ake in Figure 8. Then, the user selects the tracked
object and clicks the emit button, which allows the user to draw an
emitting lineto spawn new elements for particle e ects. As shown
in Figure 8, the same snow ake sketches are randomly emitted
from the emitter line for the snow e ects. The system o ers two
options for customizing the particle e ect parameters: 1) the user
can draw amotion pathto specify the path each particle follows,
and 2) the user can change tlspeedf particle movement using a
slider in a menu. These options were inspired by the interactions
presented inDraco[36].
Figure 6: Flip-Book Animation Our interaction technique is inspired by Drac@§'s kinetic
texture and our tool also supports similar interactions, such as al-
lowing the user to draw a trajectory of the emission so that the user



user can also create animated contour highlights by selecting the
appropriate option. For example, in Figure 10, the user can also
show an animated contour line around the body.

Figure 8: Particle E ects

can control the path the emitted particles follow. But unlike Draco,
which focuses on screen-based interaction, the drawn emitter line
in RealityCanvas is bound to the selected physical object so that
if the object moves, the emitter line follows along. This enables
a broader interaction space, such as a magic wand particle e ect ~ The user can also llin the enclosed object. For example, the

Figure 10: Contour Highlight

from a physical stick or showing an air ow bound to a dryer. user can change the |l color of the body by combining the action-
trigger e ect. The user rst selects the foot and de nes the trigger
A5. Motion Trajectory based on the foot location, the user can create the highlighting

In object binding, the sketched element simply moves and follows e ect along with the animated elements.

the tracked point, but by duplicating the sketched element for each 4.4 Implementation Details
tracked position, the system can also creatmation trajectory ) ) )
like ghost e ect of the sketched elements. For example, in Figure 9, 4-4-1 ~ Sketching InterfadgealityCanvas uses HTML Canvas as

the user selects a left hand as a tracked point and sketches a simple the main sketching interface. Since most of the sketched elements
dot. When the user clicks the motion button, the dots become a are 2D, we decided to embed sketches onto the 2D canvas screen.

line to show the trajectory of the hand movement. With a certain All sketched elements are drawn in SVG format on the canvas. The
time period (by default 30 elements), the cloned elements start SYyStem also uses Konva.js and Anime.js as supporting graphics and

disappearing, so that the motion trajectory disappears with a certain  @nimation Iibraries,_respectively. All elements_ are calculated and
length. rendered as 2D objects. For example, the distance between two

tracked points is based on the pixel value on the screen, rather than
the physical distance. Therefore, depth e ects and 3-dimensional
rotation are currently not supported (although the user can still

draw sketches which look 3-dimensional using perspective e ects).

Figure 9: Motion Trajectory

This animation technique is useful when the user wants to visual-
ize the trajectory of a tracked object, such as with a dancing motion
or throwing a basketball. The user can also change the parameters
of the motion trajectory, such as how fast the elements should disap-
pear, or the opacity or scale of each cloned element. By leveraging
these parameters, the user can also create more expressive motion
e ects.

Figure 11: In the live mode, the tablet is setup on a tripod at
a similar angle to a canvas on an easel which helps the tablet
capture the real world and allows the user to sketch on the

A6. Contour Highlight tablet.

Finally, the system lets the user createntour highlight e ects for

a tracked body or object. To do so, the user rst selects the contour 4.4.2 Object Trackingor object tracking, we use a simple color-

button and then taps the body or object the user wants to highlight. based tracking method that has been shown to provide fast and

By default, the enclosed object or body is highlighted with a drawn  reliable real-time tracking for AR animation applicationé7]. In

line. This line can be changed according to the body motion or our current implementation, the system uses OpenCV JS to track

object movement, as RealityCanvas always tracks and displays the objects based on their RGB values, with a certain threshold to Iter

outermost object contour seen in Figure 10. In a similar way, the out pixels outside of the speci ed range. The system rst obtains
7



the RGB value based on the selected X-Y point by sampling the pixel and body tracking. However, we observed a decrease in frame rate
at the corresponding coordinates in the video frame. The system when using an external high-resolution camera.

then Iters out all pixels outside the speci ed RGB range. Then

the system identi es the largest continuous contour as the tracked 5 APPLICATIONS

object. . The RGB valuerange 5 (106 101 10, where A«6e)L 5.1 Social Media Video Creation

is the sampled RGB value of the selected point. Given the largest
contour, we obtain the center point of the object, which is used to
determine the object's location in the video frame. This information

is then used to track the object's movements over time and update
its position on the screen accordingly. We evaluated the robustness
of our color tracking system by tracking a re ective object (a fake
apple) and a non-re ective object (a tennis ball) under four di erent
lighting conditions:

First, our system allows users to quickly create videos for social
media platforms such as TikTok, YouTube, and Instagram. Currently,
video creation and editing with these animation e ects require
speci ¢ skills and non-trivial amounts of time. People can use our
system to record their videos with animated e ects much more
easily. For example, the user can shoot a dancing or music video
with real-time scribble animation e ects, such asotion trajectory
of dancing movementzontour highlightto make a person stand
(1) Dim arti cial lighting: Simulated using a single light source  out, andaction triggerto highlight the claps or steps.

in the living room.
(2) Bright arti cial lighting: Achieved by activating four light 5.2 Augmented Storytelling

sources in the living room. _ _ Using our system, the user can also easily create augmented sto-
(3) Dim nqtura! Ilghtln.g:.S|muIated by creating subdued sunlight  (jag [46,61). For example, by using animateabject bindingthe user

conditions in the living room. _ o can augment the body with sketched illustrations and animation,
(4) Bright natural lighting: Achieved by exposing the living ik adding a Superman costume or pirate features. In this scenario,

room to direct sunshine. the user can sketch on another user's performance, which can be

The success of the tracking was determined by the accurate move- Stréamed to a large screen in real time so that the performer can
ment of a green dot, indicating successful object tracking, while S€€ the current performance. Such augmented storytelling would
failure was identi ed when the green dot failed to follow the object. ~ 9réatly expand, for example, children’s storytelling experience with
We found that the system performs more accurately in bright lights ~ dynamic e ects.
than in dim lighting. In dim arti cial light, the system successfully .
tracked the object 5 times and failed to track it 5 imes. However,in 2-3  Classroom Education
bright arti cial light, it successfully tracked the object 8 times and  The user can also add dynamic visual annotations to a physical
failed to track it only 2 times. We also discovered that the mesh of phenomenon to provide better explanations for science or physics
an object can impact the accuracy of color tracking in bright light.  classrooms. In this scenario, similar to the storytelling scenario, the
Objects with re ective mesh in bright lighting often result in a high teacher can stream the screen view to a large display to make the
false negative rate. Our system performed best when the objects animation visible to the entire classroom. For example, by using
had distinct solid colors. particle e ectsthe user can visualize the air ow around a levitated
ping pong ball. The user can explain how water circulates on Earth

4.4.3 Body Trackingn our current implementation, the system by using an animated sketch of rain and clouds witlarticle e ects
tracks body parts based on MediaPipe. MediaPipe provides 33 body by augmenting a physical model such as terrains. SimilaRiali-
points based on the human skeleton. When the user clicks a point tySketcH 67 and HoloBoard 13, such augmentations can enhance
on the screen, the system identi es and continuously tracks the the learning experience for classrooms.
closest body point among the 33 body points based on X-Y value.
For body segmentation, we used MediaPipe and OpenCV JS t05.4  Prototyping AR Applications
obtain the masked shape of the body. Based on the masked imagerinally, the RealityCanvas system can also be used to create an
we convert the body shape into the simpli ed SVG path for contour  interactive and animated prototype for AR applications. Similar to
line animation in each frame when the contour highlightis enabled.  gxisting AR prototyping tools 44, 45 53 54, embedded sketches

. . . allow the user to simulate AR experiences for low- prototypes
4.4.4  Prototype SetuBince all of the components including the 4 i1y For example, the user can quickly create an animated AR
color tracking and body tracking are client-side systems, we do  cpristmas card usingbject bindingWith action triggeythe user
not have any server to run the system. During the prototyping 5, create some interactive AR linked to an action, like the opening

phase, we tested with several devices, including Pixel 3 XL, Pixel 6, ot the card. The user can also sketch the animation for augmented

Linux Desktop, Windows machine, and Android tablet. (Due to the 1 gic visualization like AR Music Visualize6g to test how dif-

Safari browser's restriction, the iPhone/iPad did not work, although  tarant e ects can enhance the music experience.

this problem should be resolved in the future.) For the demo and

user evaluation, we used Samsung Tab S8 Ultra Android Tablet g | SABILITY STUDY

(Display: 14.6-inch, CPU: Qualcomm SM8450 Snapdragon 8 Gen 1

GPU: Adreno 730, RAM: 12GB) with a built-in stylus pen. In this 6.1 Method

setup, the system achieved the targeted 60 FPS at all times with We evaluate our system with two user studies: a usability study and

the tablet stock camera during our testing for both color tracking  expert reviews. The rst study's goal is to evaluate our system's
8



Figure 12: Applications Scenarios

usability. To do so, we recruited twenty participants (14 male, 6
female, age: 19 - 29) from our local community. The usability study
consists of the following two tasks.

6.1.1 Standardized Taske rst demonstrated all of the basic
functionalities. We then showed an animation video (Figure 1) we
created with our system. The video featured all the functionalities.
The animation video had the following elements:dbject binding
between hands and umbrella, 2p-book animationfor the trig-
gered water splash, 3ction triggerbased on the stomp, pharticle

e ectswith rain drops, 5)motion trajectoryof the hand movement,
6) contour highlightof the whole body. We asked the participants
to recreate this animation without instructing them how to make it.
The goal of this task is to let the user use all of the functionalities
to measure each feature's usefulness and understandability.

6.1.2 Exploration Tasknce the user nished the identical task,

we moved on to the exploration task. We asked the participants to  Figure 13: Usability Study Results - A graph summarizing
create their own sketched animation from their imagination. For  the 7-point Likert scale responses for 20 participants.

inspiration, participants were shown existing examples of scribble

animations samples from the corpus we collected for our taxonomy

analysis as well as many animation videos created by the authors.

Each participant was asked to think of a scenario that involves 6-2 Results

one or more objects driven by a human action or object movement. 1) Overall Experiences. Figure 13 summarizes the 7-point Likert
Then one of the authors performed the actions for the participant questionnaire response of the usability study. Overall, participants
while the participant added sketches on top of it by themselves. The responded positively to the user experience (5.65H7: The entire
goal of this task was to measure the expressiveness and exibility system was quite neat and fun to use. When watching the examples, |

of our system through open-ended animation scenarios. imagined myself re-creating therthe participants also responded
positively about the interface and work ow. From the question-
We designed these tasks asage evaluationbased on the HCI naire results, the participants found the system easy to understand

toolkit evaluation strategy 42. Instead of a controlled experiment,  (5.25/7), and from the comments, many participants mentioned that
we chose to conduct the usage evaluation because there was nothe interface was self-explanatory (P2, P5) and easy to learn (P8,
clear baseline to compare with RealityCanvas. For example, existing P12).P5: The interface and the work ow were simple enough to learn
video-editing tools have a completely di erent work ow, so we that little explanation was required.
cannot compare them with our system. Therefore, for the usability Most participants did not have animation or video creation expe-
study, we focused on the usage evaluation for the end user. On the rience, but the participants felt that the system could be easy to use
other hand, we also conducted an expert review to compare our even for novice users. The participants generally agreed that the
approach with existing video-editing or animation techniques from  system would lower the barrier to creating AR animation (4.95/7).
an expert's point of view. P15: It was very easy to pick up the tools and nuance of the system.
Both tasks were conducted in a research lab. All of the partic- Further, | can imagine many ways in which both amateurs and pro-
ipant's performances were recorded for objective measurements fessionals can make interesting things usingor the standardized
(e.g., task completion time). After the session, we asked the partici- task, all participants could complete the given task without any
pants to provide feedback through an online questionnaire. In total, explicit assistance from the researcher. For the task completion
the study took approximately 60 minutes, and participants were time, the participants nished the standardized task on average in
compensated $10 CAD. 3.25 min (Min: 1.48 min, Max: 8.2 min, SD: 1.58 min).
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