Techniques for Physical
Storytelling

Sarah Kushner

Final Oral Exam

Department of Computer Science
University of Toronto



)))))))))

What is a Physical Story &
why do we tell them?




) Whatis a Story?



What is a Story?

3. Climax
The turning point; the point of
greatest suspense or action.

4. Falling Action

. . Action and events that

2. Rising Action occur after the climax
Events before the climax;

Character's attempt to
solve the problem, but fails.

1. Exposition PLOT 5. Resolution
Beginning of the story

that introduces: The structure or wﬁzge‘::!;hsosr::gts
1. conflict : :

5 zhar;cfer Ol’“gdﬂlZOflOﬂ or problems are

solved.

3. setting of events that make up

a fictional story.
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) Whatis a Physical Story?

Karine Giboulo's exhibit (Housewarming, 2022)
Gardiner Museum in Toronto, ON, Canada.



) Stories in stillimages

Name LO la’

Write a story to match this picture. Use capitals and punctuation.

Fllhi ol

photo, story by Lola
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) Stories in moving images

Name LO la’

Write a story to match this picture. Use capitals and punctuation.

photo, story by Lola

Abstract Film (Heider-Simmel Animation, 1944)
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I Stories in moving sculptures
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Stories in moving sculptures

Name Lnla’

Write a story to match this picture. Use capitals and punctuation.

Amusement park ride (Symbolica,
A Ffteling, 2017)
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photo, story by Lola

_ 4

Abstract Film (Heider-Simmel Animation, 1944)
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) Why do we tell stories?

Paul teaching Grade 6 students
about animatronics



) Why do we tell stories?

Shiny
Happy
People

DUGGAR FAMILY SECRETS

New Series

Paul teaching Grade 6 students Documentary film (Shiny Happy
about animatronics People, 2023)
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Why do we tell stories?

Stand up comedy (Sabrina Wu
on Verified Stand-up, 2023)



Why do we tell stories?

Stand up comedy (Sabrina Wu . : _ o
on Verified Stand-up, 2023) My friend Sarah excited to meet Stitch at Disney World
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B Why do we tell stories?

MEX oricinaL

BECOME
YOURSELF

THE PEABODYRWARD-WINNING SERIESRETURNS

FINAL SEASON
STREAMING JAN 18 | m@x

CBC show about a non-binary
character (Sort Of, 2021)
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Why do we tell stories?

MEX oricinaL

3 F
THE PEABOD@ARD-WlNNING SERIES.R;E,TU RNS

FINAL SEASON m@x
STREAMING JAN 18 |

CBC show about a non-binary
character (Sort Of, 2021)

Grade 6 student showing her Grade 2
friend the story she wrote
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Why do we tell physical stories?

Pirates of the Caribbean, Disney World

Attractions 360°
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Why do we tell physical stories?

Pirates of the Caribbean, Disney World

Attractions 360°
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How can physical storytelling
be improved by enhancing

floating sculptures,

zoetropes,
and animatronics?
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How can physical storytelling
be improved by enhancing

floating sculptures?
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“Walljumper’/statue
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) Thisisn't so easy.

objects
e “

supporting

b surface

viewpoint
distribution

-9

optimized for input
viewpoints
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) Floating Sculptures Research Goals
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B Floating Sculptures Research Goals

1. Provide a method of generating supports hidden from the viewer so that
unsightly supports don’t distract from the story which also satisfy force
and torque balance constraints
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B Floating Sculptures Research Goals

1. Provide a method of generating supports hidden from the viewer so that
unsightly supports don’t distract from the story which also satisfy force
and torque balance constraints

2. Validate our method via constructing examples of wire and rod
structures inreal life

18



Floating Sculptures Research Goals

1. Provide a method of geng
unsightly supports don't
and torque balance cons

2. Validate our method via

structures in real life

EUROGRAPHICS 2021 /. Mitra and I Viola
(Guest Editors)

Volume 40 (2021), Number 2

Levitating Rigid Objects with Hidden Rods and Wires
‘Sarah Kushner, Risa Ulinski, Karan Singh, David LW. Levin, Alec Jacobson
Universiy of Toronto

Desired arrangement of levitating objects  Our hidden supports Expected Views

int
ions
\
-
[P

igure 1: imiatic i igid obje in thei gravity. ist tension,
compression and bending, while wires (black) resist tension. Supports connect between objects or to the input support surface (blue). Rods.

n inthe poi ) the user: Here,  collection
of space-themed objects seemingly hover in the corner of a room. The supporting truss is hidden from the front and through the window.

Abstract

We propose  novel algorithm to efficiently generate hidden structures to support arrangements of floating rigid objects. Our
optimization finds a small set of rods and wires between objects and each other or  supporting surface (c.g.. wall or ceiling)
that hold all objects in force and torque equilibrium. Our objective function includes a sparsity inducing total volume term and.
alinear visibilty term based on cfficiently pre-computed Monte-Carlo integration, 1o encourage solutions that are as-hidden-
as-possible. The resulti ization i be efficiently recovered via a linear program. Our

fora tension, compression-, and shear-resistant rods or tension-only wires.
We explore appl theatre set design, ibi 3 endeavours.
1. Introduction Figure 3). Hiding these supports by removing or thinning too many
rut ill sacri i Thin wires

Levitating objects are visually
compelling and commonly found
in artistic sculptures, film and
theatre set design, promotional
displays, and museum exhibits
(see Figure 2 and Figure 4). This
effect is especially impressive if
the support siructure can be hid-
den from the observer, removing
its unsightly distraction and per-
haps even giving the impression
that the objects in the amange-

can sometimes be used to hang objects, but wires only resist ten-
sion so they alone can not handle situations that are not supported
purely from above

Expected views of supports without visibility consideration

Figure 2: The skeleton of
blue whale levitates with the
support of wires from above
and internal rods.

y Figure 1).
is a non-trivial task. Physical stability requires a balance of force
and torque for each rigid component of the scene. This is read-
ily achieved using many strong. thick struts, but their geometry
and scene placement s likely to compete for visual attention with
scene objects, or worse, visually obscure objects in the scene (sce
Figure 3: Without our visibility term, optimal rods may be an un-
02021 The Astorts sightly distraction.
Compue it B e ——r——
Wiy & Soo 1d. Pl by b Wiy & S

from the viewer so that
thich also satisfy force

f wire and rod

Levitating Rigid Objects with Hidden Rods and Wires

Kushner, Ulinski, Singh, Levin, Jacobson
Eurographics 2021

18



) What we want:

1. Hold rigid objects in place under a force (usually gravity)
2. Hide supporting rods from viewpoints

Expected view

19



9 How?

1. Hold rigid objects in place under a force

20



) Select edges from graph to become rods
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) Select edges from graph to become rods
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B Are the rods structurally sound?

Minimize the total rod volume:
min Z fia,-

Subjectto: d; 20
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B Are the rods structurally sound?

Minimize the total rod volume:
min Z fia,-
Subjectto: d; 20

total force = -applied force
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The rods must not break

s - o>
compression
o—p == =0
tension
1 shearing

Minimize the total rod volume:
min Z fl-a,-
Subjectto: d; 20

total force = -applied force

force of each rod < max

23



) We need force + torque balance

Minimize the total rod volume:
min Z fiai
Subjectto: d; 20

total force = -applied force

force of each rod < max
internal torque =0
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) We need force + torque balance

Minimize the total rod volume:
min Z fiai
Subjectto: d; 20

total force = -applied force

force of each rod < max
internal torque =0
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B Physical constraints work, but the supports are visible

1. Hold rigid objects in place

Expected view
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I We want invisible supports

1. Hold rigid objects in place
2. Hide supporting rods from viewpoints

Expected view

26



) Our formulation

Minimize the total rod volume
and visibility:

min ), £;a; + vis;
Subjectto: d; 20
total force = -applied force

force of each rod < max
internal torque =0

27



Our formulation

Minimize the total rod volume
and visibility:

min ), £;a; +HVis;
Subjectto: d; 20
total force = -applied force

force of each rod < max
internal torque =0

27



I Visibility term computation

edges coloured by visibility
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I Visibility term computation

edges coloured by visibility
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B Visibility term achieves our main goals
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) Visibility term achieves our main goals
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Assembled Spooky Decoration
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Assembled Spooky Decoration
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Assembled Spooky Decoration
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I Rocket Ship Room Decoration
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I Rocket Ship Room Decoration
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Seagull - Wires only

Model from Poly by Google under CC-BY 3.0
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Sheep

Count
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) Assembled Wires + Rods
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) Assembled Wires + Rods
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Zoetrope Example
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Zoetrope Example
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) Floating Sculpture Results
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I Floating Sculpture Results

Enhanced physical stories that have floating components by preserving
the illusion of levitation by:
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I Floating Sculpture Results

Enhanced physical stories that have floating components by preserving
the illusion of levitation by:

1. Devising a concise and efficient linear program that extracts a set of
supporting rods and wires to hold up objects

2. Demonstrating that the optimization directly translates to real world
examples, validating this method through fabrication

37
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How can physical storytelling
be improved by enhancing

floating sculptures,

zoetropes,
and animatronics?
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How can physical storytelling
be improved by enhancing
zoetropes?
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What are zoetropes? '

ot M T W 3 =

5 2 o E
W

i MORSE'S Gallory, 417 Monigamary St San Francico.

THE j“}oRsB IN *OTION.
My

ey

MakeAGIF.com
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What are zoetropes?

viewing slits .

MakeAGIF.com

41



What are zoetropes?

3D zoetropes are not new, this one was made in 1887! ¢

3D Zoetrope (Etienne-Jules Marey, 1887)
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What are zoetropes?

Zoetropes now use strobe lights to create apparent motion.

Feral Fount (Gregory Barsamian, 1996)
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Feral Fount (Gregory Barsamian, 1996)
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I Limitations of Zoetropes
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Limitations of Zoetropes

1. Stories in this format are short and periodic, constrained by the physical

nature of a zoetrope
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) Limitations of Zoetropes

1. Stories in this format are short and periodic, constrained by the physical
nature of a zoetrope

2. Watching a zoetrope is a passive storytelling experience
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Limitations of Zoetropes

= Interactive 3D Zoetrope with a Strobing Flashlight

Sarah Kushner Paul H. Dietz Alec Jacobson
University of Toronto University of Toronto University of Toronto
Toronto, Canada Toronto, Canada Toronto, Canada

sak@cs.toronto.edu dietz@c d j

1. Stories in this format are short and periodic

stepper motor and
timing belt

nature of a zoetrope |

3D printed frame

Figure 1: Users can interactively view our bike wheel zoetrope by shining a synced strobe flashlight into the animation.

L] ° ° °
atching a zoetrope is a passive storytellin == i
. We propose a 3D printed zoetrope mounted on a bike wheel where Sarah Kushner, Paul H. Dietz, and Alec Jacobson. 2022. Interactive 3D

users can watch the 3D figures come to lfe in front of their eyes.  20ctrope ¥ith aSuobing Fashlght. In The Adjunct Publication ofhe 314

Each frame of ur animation s 39 by 16 cm 3D fabricated diorama 3, ) Ocper39-Novembr 2, 025, Bend, OR, US. ACM, New York,
containing a small scene. A strobed flashlight synced with the $pin- Ny, USA. 3 pages htps./doL rg/10.1L15/3526114.3558665

ning of the wheel shows the viewer each frame at just the right time,

creating the illusion of 3D motion. The viewer can hold and shine

the flashlight into the scene, illuminating each frame from their 1 INTRODUCTION

own point of view. Our zoetrope is modular and can have different
16 frame animations substituted in and out for fast prototyping of
‘many cinematography, fabrication, and strobe lighting techniques.
Our interactive truly 3D movie experience will push the zoetrope
format to tell more complex stories and belter engage viewers

Zoetropes are an old but powerful animation device defined by a
sequence of images or figures around a spinning cylinder. They can
be seen as not only a precursor to traditional film, but also as an
equally effective, however limited, storytelling medium.

In the late 19th century, the photographer Eadweard Muybridge
popularized the zoetrope and brought it to public audiences in
KEYWORDS what might be the first ever movie “theatres. where viewers could
animation, 3D printing, zoetrope, fabrication pay to see a short periodic animation of animal locomotion. The
limitations of this format are that it is 1) non-interactive and it 2)
only allows for short repetitive looping storics. In this demo, we

h

P o 1) by introducing a novel interactive element.

p distrbuted Zoetropes have already been exhibited in the graphics and HCI
on the st page Copyrigh [Koutaki 2019], [Yokota and Hashida 2018], [Smoot
For al ther ses, conactthe et authors). etal. 2010], [Miashita et al. 2016]. Typically zoetropes are apassive
UIST 22 Adjunc, October 25-Noverber 2, 2022, Bend, OR, USA. experience, analagous to regular movie watching. Our zoetrope
© 2022 Copyright held by the owner/author(s). :

et s otz s installation lets users take a more active role in consuming this new
tps/dot g/ 10.1145/35261 143558663 ‘media by providing them with the power to light the scenes how

Interactive 3D Zoetrope with a Strobing Flashlight
Kushner, Dietz, Jacobson
UIST Demos 2022



) Limitations of Zoetropes

1. Stories in this format are short and periodic, constrained by the physical
nature of a zoetrope

2. Watching a zoetrope is a passive storytelling experience
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I How can we create a more compelling story?
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I How can we create a more compelling story?

o

who lives in the buildings back there?

he thinking?

who is calling her?
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I How can we create a more compelling story?

the buildings bd’ck there?

why doesn’t she answer the phone?|

hat musicis she listening to?

Who is this girl and what is her life like in this moment?

who is calling her?

45



) Whois this girl and what is her life like in this moment?
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) Whois this girl and what is her life like in this moment?

Can we answer those questions using audio?

46



I Zoetropes Research Goals

47



I Zoetropes Research Goals

1. Augment zoetropes so that more complex stories can be told
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I Zoetropes Research Goals

1. Augment zoetropes so that more complex stories can be told
2. Reveal hidden elements in a scene to engage the viewer in a more
immersive experience...
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I Zoetropes Research Goals

1. Augment zoetropes so that more complex stories can be told
2.Reveal hidden elements in a scene to engage the viewer in a more
immersive experience...
using interactive audio components
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viewer stands here
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Control loop

Motor Spins Wheel Trigger Light Process Frame Cue Audio

Al (%
A Y et > T > "
1 2 3 4

e N I—
N //v L , Sensor detects bolt
! s \ on the scene box llII II II”ll
\ A
I * Takes photo I
« Ramps up to full speed \ 1. Original Photo
« Tensioner on bike chain ) 3/'% Strobes light mm 2. Image Blur
« Wheel balanced with 4 3. Binary Threshold
spoke weights Frame 4. Erosion & Dilation
racks M H H M
Number (o 11 ™= Check if beam is within

Action Objects’ hitbox
49



Control loop

Mo&r Spins Wheel Trigger Light Process Frame Cue Audio

Sy N\

AN NI RN, T, | T [N D)
A N I
TN @ e 12 3 4 2 11

I * Takes photo I *

« Ramps up to full speed 1. Original Photo

Jd

» Tensioner on bike chain ) '/'% Strobes light s 2. Image Blur

« Wheel balanced with 4 3. Binary Threshold
spoke weights Frame 4. Erosion & Dilation

Tracks

Number f.mes1-16 ™ Check if beam is within

Action Objects’ hitbox
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Control loop

Mo&r Spins Wheel Trigger Light Process Frame Cue Audio

SNy ool N\

Sy [eet > mmmEy| O
.--1.7.{ I
‘{/Y\} . i 1.2 3 4 ot 110

I * ”o Takes photo I *

« Ramps up to full speed 1. Original Photo
» Tensioner on bike chain 2. Image Blur
« Wheel balanced with 3. Binary Threshold

spoke weights Fra o 4. Erosion & Dilation
racks . . . .
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Control loop

Motor Spins Wheel

1=

2

« Ramps up to full speed

. Tensioner on bike chain

« Wheel balanced with
spoke weights

Trigger Light

™
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Sensor detects bolt
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\
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Frame

Process Frame
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4. Erosion & Dilation

A

Check if beam is within
Action Objects’ hitbox

49




Control loop

Motor Spins Wheel

Stepper Motor J-'-/- )i&“/ }\ \

« Ramps up to full speed

. Tensioner on bike chain

« Wheel balanced with
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Control loop
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B city girl animation
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City girl animation

Action Object: cars
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B city girl animation

50



B city girl animation

50



B city girl animation

50



B city girl animation

50



B city girl animation
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B city girl animation
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B city girl animation
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) Zoetrope Results
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) Zoetrope Results

We designed a device and method that enriches zoetrope stories by:
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) Zoetrope Results

We designed a device and method that enriches zoetrope stories by:
1. Letting the viewer explore the scene with a strobing flashlight

2. Triggering audio when the viewer looks at action objects
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) Zoetrope Results

We designed a device and method that enriches zoetrope stories by:
1. Letting the viewer explore the scene with a strobing flashlight
2. Triggering audio when the viewer looks at action objects

3. Allowing multiple versions of the story to be told

51
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How can physical storytelling
be improved by enhancing

floating sculptures,

zoetropes,
and animatronics?
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How can physical storytelling
be improved by enhancing
animatronics?
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What are animat

ronics?

Papertronic Puppets:
Storytelling Through

Teaching STEM and
Creative Construction

Sarah Kushner, John Kanji, Paul H. Dietz, Daniel Wigdor
Dynamic Graphics Project Lab, Dept. of Computer Science
Umvnm‘y of Toronto

Toronto, ON Canada
{sak jkanji, dlcu dam:l)@dgp toronto.edu

(—This innovative practice full paper finds that s
uumu lhnmle nmmxtmmcs can offer  combinatin of cru!mly

pty “abproach to STEM lcarning, Animatronicsis the art
inging a story to life through robotic puppetry.

grou
12, Creatiity, Communication skil, Problem
solving, Student experience

1. INTRODUCTION

Stories are the medium by which we decode the human
experience. Storytelling has been discussed in the context of
education as a way of cultivating imagination, empathy, an
reflection of the world [1]. Through writing and performing,
students build a literacy of storytelling which lays the foun-
dation for deeper, more complex engagement with the world.
Animatronics is the art and science of building physical
robotic puppets to bring a story to life with sound and motion.
Ammmmic shows have become a fun and popular attraction
in theme parks, restaurants, and museums, ever since one of

‘This expressive practice s a unique combination of creativity
and STEM (science, technology, engineering and math), which
makes it a useful tool to engage students in both storytelling
and robotics.

However, this expressivity comes with a high barrier to
entry, and the medium is typically accessible only to trained
engineers with ample resources. To help lower this barrier
and make animatronics accessible (o a wide range of ages,
abilities, and socioeconomic status, we introduce an affordable
yet versatile Paper Animatronics Kit for K-6 students to create
papercraft puppet shows. The design of our kit is informed
by the “critical making” movement established by thinkers
such as Ratto and Garnet to describe the process of creating

artifucts to explore and understand social and cultural issues,
blending engineering, design, art, and social sciences [2], as
well as Resnick's idea of “tinkerability” which he defines
as “a playful, exploratory, iterative style of engaging with a
problem or project” (3] Critical making and tinkerability are
not focused on the product of the making but the process of
getting there which acts as a way for the maker (o explore
the world. By centring storytelling and the creative process,
and allowing open-ended exploration with the technology, we
aim to empower student agency and voice. Our kit thus uses
an inquiry-based approach (hat (aps into students’ genuine
curiosity about the world to solve problems, scaffolding the
{echaical clements while allowing them 10 finker and ‘nject
their creativity and identity.
Our contributions are as follows:

« A Paper Animatronics Kit for K-6 students
« An in-classroom user study with Grade 2 and 6 students
10 evaluate the suitability of our kit
« Qualitative analysis of teacher and student interviews and
group discussions
In this paper we describe the components of our kit in
‘more detail, present the findings of our study, and end with
key implications of using our animatronics kit in elementary
classrooms.
IL RELATED WORK
A. STE(A)M, and the Creativity Gap

Of central importance to us is the so-called “creativity

[4]. The creativity (or creative participation) gap manifests
in education in a variety of ways: the removal of creativity
from “academic” subjects and its partitioning into separate
arts programs, and the chronic underfunding of said programs
(5], but also inequity of access to experience, skills, and tools
required to flourish creatively in an era of digital media [6].

Emerging as an augmentation to the interdisciplinary field
of STEM, STEAM aims to address the creativity gap by
integrating the Arts into STEM education, emphasizing cre-
ative and design thinking as well as problem solving [7].
But this approach has been problematized by some, such as

Papertronic Puppets: Teaching STEM and
Storytelling Through Creative Construction
Kushner, Kanji, Dietz, Wigdor

IEEE Frontiers in Education 2024

Great Moments with
Mr. Lincoln, 1964

Jordan’s Furniture Store Pirates of the Caribbean, Disney World 55



) Animatronics Research Goals
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I Animatronics Research Goals

Make the art and science of animatronics more accessible to non-experts
such as children and teachers with no technical experience by:
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Make the art and science of animatronics more accessible to non-experts
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1. Creating an affordable yet versatile animatronics kit
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I Animatronics Research Goals

Make the art and science of animatronics more accessible to non-experts
such as children and teachers with no technical experience by:
1. Creating an affordable yet versatile animatronics kit
2. Running workshops that teach K-12 students STEM skills while doing
creative tasks

56



) Animatronics Kit
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) Animatronics Kit

—=

e

i i )]
(b) Rotary Motor (with Flush Mount) Linear Motor (with Zip Tie Mount)
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) Animatronics Kit
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B Animatronics Kit




) Creativity + STEM
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Creativity + STEM
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) Creativity + STEM
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B Creativity + STEM
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I Challenge level, age groups, and tech teachers
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) Animatronics Results

We introduced a paper animatronics kit and I tested it in a variety of
classroom settings, leading us to several findings:
1. Combining STEM with creative tasks engages students
2. Tradeoff between difficulty and teacher’s constraints
3. Mentoring in animatronics tasks benefits mentors and mentees
4.Kit allowed students to create paper animatronic puppets and can
be improved
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