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Abstract

Research on Actuated and Shape-Changing Tangible User Interfaces
(TUIs) in the field of Human Computer Interaction (HCI) has been explored
widely to design embodied interactions using digital computation has been
explored widely. While advanced technical approaches, such as robotics
and material science, have led to many concrete instances of Actuated
TUIs, a single actuated hardware system, in reality, is inherently limited by
its fixed configuration, thus limiting the reconfigurability, adaptability, and
expressibility of its interactions.

In my thesis, | introduce novel hardware augmentation methods, Shells
and Stages, for Actuated TUI hardware to expand and enrich their
interactivity and expressibility for dynamic physical interactions. Shells act
as passive mechanical attachments for Actuated TUIs that can extend,
reconfigure and augment the interactivity and functionality of the hardware.
Stages are physical platforms that allow Actuated TUIs to propel on a
platform to create novel physical expression based on the duality of front
stage and back stage. These approaches are inspired by theatrical
performances, computational and robotic architecture, biological systems,
physical tools and science fiction. While Shells and Stages can individually
augment the interactivity and expressibility of the Actuated TUI system, the
combination of the two enhances advanced physical expression based on
combined shell-swaping and stage-transitioning. By introducing these
novel modalities of Shells and Stages, the thesis expands and contributes
to a new paradigm of Inter-Material / Device Interaction in the domain of
Actuated TUlIs.
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Abstract

The thesis demonstrates the concepts of Shells and Stages based on
existing Actuated TUI hardware, including pin-based shape displays and
self-propelled swarm user interfaces. Design and implementation methods
are introduced to fabricate mechanical shells with different properties, and
to orchestrate a swarm of robots on the stage with arbitrary configurations.
To demonstrate the expanded interactivity and reconfigurability, a variety of
interactive applications are presented via prototypes, ranging from digital
data interaction, reconfigurable physical environment, storytelling, and
tangible gaming. Overall, my research introduces a new A-TUI design
paradigm that incorporates the self-actuating hardware (Actuated TUIs)
and passively actuated mechanical modules (Shells) together with
surrounding physical platforms (Stages). By doing so, my research
envisions the future in which computational technology is coupled
seamlessly with our physical environment. This next generation of TUIs, by
interweaving multiple HCI research streams, aims to provide endless
possibilities for reconfigurable tangible and embodied interactions enabled
by fully expressive and functional movements and forms.
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1. Introduction

H## Motivation

However, such research has been constrained by the limitations of the
inherent physical hardware capability, as any physical devices have
limitations in terms of actuation capabilities and hardware congurations (ex.
degree of freedom, scalability, resolution or texture).

While one of the primary motivations for shape changing actuated
interfaces is about developing generic platforms that can provide a
versatile interactivity through motion and transformation, they still are
limited by their form factor and device conguration built into the initial
device.

B4& Goal

In this thesis, | propose and demonstrate novel hardware augmentation
methods for Actuated TUlIs including:

Mechanical Shells, external passive mechanical attachments, and Stages,
physical surrounding platforms.

Stages are physical platforms for the Actuated TUIs to locomote on and to
transition in-between Front and Back Stages.
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1. Introduction
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1. Introduction
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2.

Background

Ubiquitous Computing, TUI, and Radical Atoms

“Ubiquitous Computing”#&fFT R ERIETE, RE HMark Weiserf?1988E iz, EEMZERFEMM R, MIlB AT ERETMESEREZS,
"Tangible User Interfaces (TUIs)"& & HHiroshi Ishiif2Brygg Ulimerfi2 1997 F£ i, 52 &SI EAEMIEY /S E — i el INER., A& g
¥, Dt thglE TTUIRR R FEE,

57 _E 5 —E#FEActuated TUIBIZGian Pangaro et al. 7£2002F Frig, ERrth & A EBHAZ T ZE I fAEEM ZH YEH B A R @,
£ A BIHiroshi IshiiZ 21220124512 T “ Radical Atoms” It =, FTUINEEHHAE A RRIE,
KRB R th 2 E P Radical Atoms I & 171 {8
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Figure 2-1: Research Related to TUI and Radical Atoms (metaDesk [160], PICO window ico menu handle widget
[111], inForm [33], and bioLogic [175])

10



2. Background

Two Major Approaches in Radical Atoms informing Shells

e “Active Machines"

which employ self-powered and computationally controlled electromagnetic motors

BRI, FTEHEEA G ERNEREREE

— {£& inFORM https://vimeo.com/145211058
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e “Passive Mechanical Structures"

which make use of the inherent material structure and physical mechanisms that are set in
motion by external forces, such as by user manipulation.

B4} DR ERE RO F SR B M B AR

— EW3X Metamaterial Mechanism https://dl.acm.org/doi/10.1145/2984511.2984540
https://www.youtube.com/watch?v=uHXqqO5Jj0A&t=1s
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2. Background

Ambient Media and Spatial User Interfaces in-forming Stages

e “Ambient Media" ( JR B2 Tangible Bit cFHIEEH =z — )
Ambient Media combines foreground tangible objects with an environment-based background or atmosphere that provides small bits of information as enriching

context.

X %%

** A-TUI 124t T foreground ( interactive ) £2 background (ambient ) iE{FEHEHITEE

— £
1. Topobo https://www.youtube.com/watch?v=50JdK_K2NWk&t=4s
2. Printed Optics https://www.youtube.com/watch?v=eTeXTbXAG6-Y
3. Acoustruments https://www.youtube.com/watch?v=II0KDcr1gsY
4. Kinetic Blocks https://www.youtube.com/watch?v=2PeCBrHgwo4

Figure 2-2: Interactive Devices Extended with Passive Tangible Objects (Topobo
[115], Printed Optics [169], Acoustruments [73], Kinetic Blocks [125])
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2. Background

Ambient Media and Spatial User Interfaces in-forming Stages

e  “Robotics Modularity"
Robotics, as a eld itself, is an interdisciplinary domain that develops physical systems that can locomote through actual environments and manipulate real

objects.

HBRABAREME2—EEMERMNER, I BEBMERFK A LURIZEEYE,
** A-TUI thig LIRobotics & E /i **

— {Edm
1. Programmable Matter https://makezine.com/article/science/claytronics-nanoscale-rob/
2. m-Blocks https://www.youtube.com/watch?v=hISUDKaWJOo
3. Zooids https://www.youtube.com/watch?v=S36Auslvzrk
4. omniSkins https://www.youtube.com/watch?v=17ebM-Gcs-M

Figure 2-3: Modular, Reconfigurable and Swarm Robotics (Programmable Matter /
Claytronics [39, 40], m-blocks [121], Zooids [74], omniSkins [13])
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2. Background

My Research at the MIT Media Lab and Positioning of My Approach

o EXRBHETBETERMLLE, EMIT Media LabFrfifActuated Tangible User Interface
e HEMLiIneFORMEZChainFORM, #NEA, B

o HRIEMHINFROMMZELEER, NEIC~F, FEARFFZERBETHL—KHNE

o &RIKTRANSFORMMIE IR T EhRE, A EEM R ERA

https://www.youtube.com/watch?v=ICARHatJQJA /

o HEIEFIRLAnimaStagery181g, MifFE Apin-base shape displays® =

Figure 2-5: My prior research in inter-material interaction with A-TUIs that informs
the concepts and methods proposed in this thesis (a, b: TRANSFORM as Adaptive
and Dynamic Furniture [164], c-f: AnimaStage [99])
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3. Mechanical Shell : Passive Mechanical Add-ons

Basic Concept :

I define the Mechanical Shell as “an external passive attachment to an existing actuated tangible interface that can be manually or
automatically attached and detached, that can adaptively extend, convert and configure the hardware interactivity for versatile tangible
applications."

EHEH#TE S, Mechanical Shell2— A4 &ERr# EN= Actuated Tangible Interface#‘#, & 8] LLF Ehak B Ehai kbt 2 AZ2F& I B B & FE th B ZE 18
i RN A E SR TRRER,

______________________________________

Inreractivity Augmel'pted by Mechanical Shells
: ! A Mechanical Shell

'd \
(Modified ShaptD CConverted MotiorD (Extended Tangible InpuD l\ (etc) |

-------- -/ AT AL B | I NENRE ., P
TUIREA S .5

Mechanical Shells

Actuated TUIs

Reconfigure
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3. Mechanical Shell : Passive Mechanical Add-ons

Inspiration from Computer Architecture :

1. ShellZFER BN BISHIETEMFEEZRDZERE “Shell” , —EUnX{F(R#HxEH 1960F K Louis Pouzinfrig tHBdshellfifEAES, HBARAKE
£ R KR E shelFEFHEX N L "interface”®GUIST &, HEitkMechanical Shell:2 —{& 0 B4 shell R = .

2. B& T shell, Mechanical Shelli&&t& T google chrome extensionBIiEFEHE =, IR A RZIEESINEE 18I0 add-ons

3. L4}, shellBiZtiEdR T iOSE Andorid Rt APPHER, & —1&shellE2A-TUIER AT LLZ— 18 APP

User

Shell
(User Interface)

Kernel
tcsh bash
/

C
Shell interface to the kernal.

Mechanical Shellft & T LU TER
1. OSHJShell

2. ChromeHRJadd-ons

3. FHErIAPP

- Google Chrome Extensions
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3. Mechanical Shell : Passive Mechanical Add-ons

Inspiration from Computer Architecture :

Software Architect f Shell (1960
[Software Architecture of Shell ( s)] ‘shell’

Text ‘shell’ (CLI)
Operating

Users
System > Adaptive & Intuitve
Commands and - Interaction
Protocol
f— Graphical ‘shell GUI)  Cm=—)p

C architectual inspiration)

: [Hardware Architecture of
Mechanical Shell (My Thesis)]

Actuated TUIs Mechanical Shells Users

Mechanical Adaptive Tangible
Actuation @ @ Interaction

Mechanical Shellf#& T LU T E&
ANELERSFE B shell + GUIEITHE E)

A-TUIiE 1B Mechanical ShellsEi A &

TEY
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3. Mechanical Shell : Passive Mechanical Add-ons

Inspiration from Biology :

a. Hermit Crab BEF%E

b. cockroach

Inspiration from Mechanical System :

a. ZUEIR7

b. BIH#RKEE
c. BHKE

d L1TEHEESSEA
e. RWRABRKE

Figure 3-5: Inspiration for Mechanical Shells from Mechanical System (a. multi-tool
machining center, b. mechanical automata by kazuaki harada [66], c. kinetic art by
Arthur Ganson [38], d. mechanical turk, e. Trojan Horse)


https://www.youtube.com/watch?v=_E3L1tTM3WQ

3. Mechanical Shell : Passive Mechanical Add-ons

Inspiration from Everyday tools:

2 o T 9o

Inspiration from Human Augmentation :

2 o T 9o

a .-5
\\\W/}f' - ( PR LN/ /
. - e / F N ‘\ / _'
i Wiy ¥e. ¢ |
SLR HHR4a# S\ L | B n | i
FIR
Skeltonics Exoskeleton Figure 3-6: The inspiration for Mechanical Shells from everyday tools and human

augmentation (a. electric drill and drill bits, b. camera and lenses, c. hand tools, d.
Skeltonics Exoskeleton [23]).

B L AT
FitiCEERLT
ERNOEA
BORHR BRI EK

Figure 3-7: The inspiration for Mechanical Shells from Sci-Fi (a. Mobile Suit Gun-
dam, b. Neon Genesis Evangelion, c. Attack on Titan, d. Ghost in the Shell).
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3. Mechanical Shell : Passive Mechanical Add-ons

Roles and Benefits of Mechanical Shells

AR B
1. Adaptation for Human Interaction ( Display / Affordance ) Bk & B Rs 7] %
2. The Versatility of Functionalities ( Task and Locomotion ) Z{EF5EL L heetE ((EFFELENME)
3. Other Logistical Utilities ##E4TE

Adaptive affordances

LL T PO {E ZE 45 BMechanical Shellfi8 & EBE 2T

Grand Challenges in Shape-Changing Interface Research

Adapt to task Adapt to user(s) Adapt to enwronment ;
Communicate information Hedonic and symbolic purposes
< ) 'd ‘
A
N\ F

Simulate objects

Yo )\ 74
: i . D O
—n— A ﬁ 058
e 4 N ﬁ J

Figure 2. Five purposes of shape changes in end-user interactive devices.

\
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3. Mechanical Shell : Passive Mechanical Add-ons

Design Framework and Implementation Strategy

Generic Interactive Device (e.g. A-TUIs)
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3. Mechanical Shell : Passive Mechanical Add-ons

Design Framework and Implementation Strategy

Generic Interactive Device (e.g. A-TUIs)
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3. Mechanical Shell : Passive Mechanical Add-ons

Thesis projects’ contributions
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3. Mechanical Shell : Passive Mechanical Add-ons

Mechanical Shell Functionalities
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3. Mechanical Shell : Passive Mechanical Add-ons

Thesis projects’ contributions
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3. Mechanical Shell : Passive Mechanical Add-ons

Mechanical Shell Functionalities

1. Docking and Transmission
Design and Fabrication of Shells
Interaction Target

Control Methods

> W D

* DiRe R EL(REE R B . AR B S kshells, H B

DU A HI| ThRE

BAUBEESETFIE . IDIFIH.CAD ITA.F5
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4. TRANS-DOCK

e TRANS-DOCK a docking system for pin-based shape
e Shape Changing Interfaces — FETUIEISEIS ¥ R4 B RIS A T8
o HER={AThEE:

o expressibility &RIFIhAE

o adaptability & &4

o customizability Z&1t

Figure 4-1: TRANS-DOCK: Mechanical Shells for Pin-based Shape Display.
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4. TRANS-DOCK

e TRANS-DOCK, I refer to the Mechanical Shell as “transducers” or “mechanical transducers"” in the writings and
gures, as it was originally defined in our published paper . While transducers are used to be intended for

motion transmission system, the dened concept largely overlaps with Mechanical Shells.

TRANS-DOCKRIBt 2 iR —E" SR S ERB 2 4" mEE", AnREBMechanical Shell BRI R

ShapeShift :
https://www.youtube.com/watch?v=
1fV-BOE9rP4&t=1s

Figure 4-2: Related Work of TRANS-DOCK (a. FEELEX [55], b. inForm [33], c.
Relief [79]), d. ShapeShift [131], e. High Resolution Shape Displays [178], f. LiftTiles
[142], g. ShapeClip [47], h. KineticBlocks [125]) 29
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4. TRANS-DOCK

e TRANS-DOCK Overall Design

- A
Shape Output II""
RN Transducer A (%)

Tangible Input %

\\ Button L !! !i i!;g: :! I;Camera

Shape Display
] Switch l Hardware lDeteCt

Docking Docking
Outputf * Input

Mode Transducer

[ Computer

Docking Connector

7

Transducer, shape display,
computer, camera and button

HMREE T TR, B

B, 125 . FHER

Passive Mechanical Transducers

N\

Interchangeable

Transaucer B

Transducer D

elC:..
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4. TRANS-DOCK

e TRANS-DOCK Overall Design

Pin-based
Shape Display
Arrays of Linear
Vertical Motion
Motion Transmitter
Bowden Cables Syringes & Tubes  Gears & Linkages

J

Converting
Display /
Interaction
Capabilities

Transducer #E#22542HE A Pin-based Shape Display BI#H L
EERE. 5 R, RigHAFATHER, ATLLER pin property
J_ﬁ;f'ﬂﬂ’]jtll\ HME. ABFEITRIE, panIKEfii’,_Il«,l"?&

ﬁ‘:‘f‘

%Conflguratlon" EZEFEE. KFHER
Q%

EETRMMEERPEEEE TRANS DOCKH

B, BERIER

bt

Shape Representation Properties

Pin Property

Pin Configuration
Shape / Size I:h:[[ﬂ

i e~ Display Area
m & Resolution

Texture / Materiality
ooo oo
ooo Oooo

é ooo oo
Pin Alignment
& Spacing

Color

Plane Configuration

Motion Configuration

Primitive Motions

gm/tWQ?

Linear Rotate Bend Inflate

Vertical & Horizontal Plane
Motion Parameters
(3 °1 > HT [|
Speed Force Range
Movable Plane

“— e

Deformable Plane

Shape Deformation with Multi-point Control
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4. TRANS-DOCK

e TRANS-DOCK Shape Representation Properties

o  Pin Properties

m  shape

m size, texture
= materiality

Tra jcer
m color Connector

o  Pin Configuration

3y

m Display area

| |
/,.
il /
¥ 4/
\

m resolution
o  Plane Configuration
m horizontal magnets
m vertical
= movable
m  deformable

o  Motion Configuration

.’llllllllllllllllllllllllllll.llllllll.ll.
[

m horizontal

m diagonal

m rotary motion Connection Box

EE SN I N E NSNS EEEEEEEEEEEN)

m  bending motion

= inflation Camera Detecting  :

Transducers

Shape Display

EEEEER ENEEEEEENFEEDR 32
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4. TRANS-DOCK

e TRANS-DOCK Implementation

o Pre-developed Shape Display Hardware TraMr
m ERinFORCERTEESR, 10 x 5pins MR ETRER Connector

s #B—{EpinsR~T%19.20075HM, i BH—@E5HEM#%E0.8mm
m FEITEER200 x 100 mm FERES
o Joint Docking System
s dockifA—EERBETEE, ATHEARNETHIR
s EERNETREREEEEMpinsET, SHNRRELTIRS
o Force Transmission Efficiency
s AEF—EpinBALRZ—EWEEBES, BONEXEREHRE/NNES
AT

Fsp > F™* + F,p + (Fiouch) Camera Detecting |
Transducers ‘

FSD A REEMGIEN N2 i KEEE SN, EXH Fmax + Fex + Ftouch( & X1E. 85\ B~ BN {H)
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4. TRANS-DOCK

TRANS-DOCK Display Area vs Resolution

Transmission Compactness

E - Tvpes of . FIeXibiIity i
Motion Transmitters Enab};lerg Motion Efficiency : For Resolution | For Arrangibility Folr);ggglsltlzgss
For Force I/O i and Bulkiness and Movability
N P
Bowden [Push] Poor _
Cables @ _______ N Good Good Fair
1 / : O
L(::':I?;se&s 5323 l . | Good Poor Poor Fair
i I inear I
9 ' . Rotate
. Direction can !
1 be Changed :
ringe e ’ @ . ,
?&yTut?ess % Fair Fair Good Poor

Inflate
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4. TRANS-DOCK

TRANS-DOCK Display Area vs Resolution
FRESR/NEE34.56F 5N

©)

O

O

BREEEA200F 5205
RS R RS A1980 A 050
TX) 39.6 Resolution Changeable
= Transducer
Q.
N\ - High Resolution
E Transducer
L 401
=
O -
afund
=
@)
O
£ Whack-a-Mole
> 1.0 Transducer
© 069— :
Q. Minimum
= R 34.56 50 200 1080

Display Area (cm?)
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4. TRANS-DOCK

TRANS-DOCK BJTransducers with General Functionalities

©)

O

O

a~c. & fEiT EEBE=X
d~e. Bk sk IS Bh @
f~h. ATREARETHRBENER

"e
W/A;)

e TR
] TN | | ®

| —

Figure 4-9: TRANS-DOCK Transducers for General Functionalities (a: High Resolu-
tion Transducer, b: Resolution Changeable Transducer, ¢: Balloon Array Transducer,
d: Bending Pin Transducer, e: Movable Plane Transducer) and for Specific Applica-
tions (f: Story-telling and Animation, Data Physicalization, g: Whack-a-Mole)
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4. TRANS-DOCK

TRANS-DOCK Discussion of Potential Use Cases

Gaming and Entertainment

Boxing Game

Pinball Game

Racing Game

Dynamic Data
Representation
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5.HERMITS

e HERMITS(f@&=X) : Mechanical Shells for Self-propelled TUIs
o a modular interaction architecture for self-propelled TUI #E#{L IR ENEFE, 7] B &L ol fR1E
o &MMechanical Shell#J#:E, #Mini Robot#{T#EE, AlEBRobotE TS . B N ETEE)
o HERMITS RIREFEEE. BEEM L Kk EEEShapest Bt & 1IEE S




5. HERMITS

HERMITS(F@X) : Self-Propelled TUl and Swarm Ul
o Self-Propelled TUI BFEXTUI

o Swarm User Interface (SUI) #f&ERE N E
m  ShapeBots, RoomShift

Figure 5-2: Related Work of HERMITS (a. Actuated Workbench [110], b. PICO
[111], c¢. Curlybot [35], d. Zooids [74], e. ShapeBots [145], f. toio’s Gezunroid [28],
g. Robotic Assembly of Haptic Proxy [180], h. RoomShift [140]).
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5.HERMITS

HERMITS(R&XL) : Overall Design

User Docking Units

— e - e e e e e e e e e e e

Interaction Stage

Mechanical Shells

Computer

Mechanical Shells & 5@ 5} 5%
Self Propelled TUI Z1B{E EISIE T EITEH A
A E8IShell E1TH B
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5.HERMITS

e HERMITS(f@=L) : Concept of mechanical shell

Mechanical Shell

Physically augments the -
self-propelled TUI for specific !
interactive functionality :

Self-Propelled TUI

Offers generic interactivity based :
on its locomotion capability

Automated Attach / Detach

HE):18F8 A~ [E 89 Actuated TUIA] 3538 Mini RobotsiE
ITHIEMAAZ M, BIREREETES



5.HERMITS

e HERMITS(f@L) : Concept of mechanical shell

ZIBEFRAITUI $EMini RobotsE T & IE L HER
BINERE. feth. EiRtEE. AEAY. XA NEE

ITH,

1gure 5-5: Overview of interaction design purposes and benefits of Mechanical Shells
‘om instances of HERMITS (a. Tangible and Haptic Controllers, b. Data Phys-
:alization / Tangible Representation, c. Storytelling with Expressive Shapes and
Totion, and d. Extended Robotic Manipulator and Locomotion)
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5. HERMITS

e HERMITS(f@=L) : Design space for primitive properties

Single Module Properties

- BEXHEMN
N o HEFH
1 E | v&?\i o EE)(E#)
— o LIRITHY
ﬁ L: I:] PY %*:E":iﬁj]\
Shape Motion Light Tangible Input
Multi-Module Properties ZEXHEE
Multi-DoF 1 Aggregation o JNAZEAREZR
‘ o EITEIE
o o HRIMEERES
| o HREMEE
p ! T o MEHEENEEE

—

Jointed Multi-DoF Linear Force

Q@%I =

Co-Assembly . Rotational Force / Speed

Figure 5-6: Design space for primitive properties of Mechanical Shells.
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5. HERMITS

e HERMITS(F@=L) : Overall System Design based on toio ( SonyZ T #f5% )

SERVER.pde

TCP (Ethernet)

Handling I/O communication
between RasPis and application.

Local TCP

APPLICATION.pde

Controling interaction /motion
of robots and visualizing the
input data.

----------------------------------

* Robots (toio)

Computer

Self-Propelled

Raspberry Pi

(control up to x5 robots each)

| &

.’
.
. .
.
.
.
.

> I
» L

ﬁ_ AEE s s s s s IS NS SN NS EEEEESNEEEEEEEEEy 78
.
.
.
.

toioControl.py

Managing BLE connection to robots and
and /O communication.

Detecting absolute

toio Mat

position on the mat.

ServerZR&%
e Raspberry Pi
e toioControl.py
e BLE Wireless

Control
FEFR 2R E%

o HRELBEFLZHE
e toio (minirobots)
e toiomat (5E1I)
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5.HERMITS

e HERMITS(f8T) : Overall System Design based on toio ( SonyZ T #f&$ )

 Simple (Static Shape) Shell 1 DoF Rotation Shell 1 DoF Rotation Shell + Base 2 DoF Rotation Shell
§ Docking Siot Vertically Moving Pin ’ = ’”""TLC'W > *JJ -’I.-j/-_ %‘ * E S h e | | E'EA'T Ul ;'E
g ) i o e _ R
'E : '?To %“%ﬁﬁjtﬁ_?flﬁ%
8 |
8
s K% BEABETEN
: ARMAEEARS
8
Q
5
‘B
q
8
Q
3
K}
3
il
€3
a8
S ;
§ DoF of Motion to Activate 0DoF
.‘;5 Movable on the Plane YES
2 Mat Position Detectable YES
g Actuatable when Lifted —
6 Capable of Closed Loop Control | —

Figure 5-10: Design and mechanism of four basic types of Mechanical Shells imple-
mented for HERMITS, and their characteristics. 45



5.HERMITS
e HERMITS(f8T) : Overall System Design based on toio ( SonyZ T #f&$ )

_ 3D Printed Casing

~

EEE:

3D ENE 4} 5%
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5. HERMITS

HERMITS(f&=L) : Demonstration of Storytelling and Alise & RBIE R T TR ET
R
EEEE AR

Figure 5-16: Demonstration of storytelling with Alice in Wonderland scenario (a.
Alice chasing bunny holding spinning watch, b. robots changing the shell in the
back-stage, ¢. Mad Hatter dancing in front of Alice, d. Alice with grown body by
switching the shell.)
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5. HERMITS

e HERMITS(f@L) : RkKEHMR
o BEXEE.RERBHBLABE, EHEAHR). loT 2FHRER®T. XR(AR/VR), A&

Self-Propelled Device
Robotic Devices & Styles

5

Drones

Scale and Spec

Operation

Size Number Speed

Docking Design

E

Connection Standards Transmission DoFs

Actuated Curve Legged Robot

Mechanical Shell

On-demand Instant Fabrication

£ e

|

Assembly

Rapid Fabrication

Mechanism Design

{e ]
Mechanical Shell Pre-Assembled /
Design Ul Embedded Mechanism

Interaction Stage
Back Stage (Storage) Design

Extended Stage Modalities

4 B %

Non-Planer Off-Surface

Control and Applications

Automated Docking and
Optimized Circulation

rey
00e

Closed-loop Haptics
\§
Overlayed Graphics

Projection AR/VR

User Evaluation

Perceptual / Empirical
Studies

&
| Q/@élfac’@

Workshop Studies
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6. Stages: Physical Platforms

e Stages basic conecpt
o | define Stages as “physical platforms” on which the Actuated TUI
o Front Stage / Back Stage
o Appear / Disappear

Front Stage Back Stage
Interaction
Actuated TUIs _.\ E E
\ € >

‘/ Perform / Interact Appear / Disappear Prepare / Plan / Reconfigure
Stage
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6. Stages: Physical Platforms

e Stages basic concept
o | define Stages as “physical platforms” on which the Actuated TUI
o Front Stage / Back Stage
o Appear / Disappear

Front Stage Back Stage

Interaction

Mechanical Shells

Actuated TUIs

/ Perform / Interact Appear / Disappear Reconfigure
Stage




6. Stages: Physical Platforms

e Compositions of Stage and Design Space
o Front Stage / Back Stage ( in-user Attention B¢ Out of user attention )

o Boundaries ( Wall / Floor)

o Transition Portals ( Actuated TUI to move in-between )

o EMEMINT

@ Front Stage Back Stage
= - Portll re=lecccccccccccnces
Information Display ' : Align and Prepare .
/ Story-telling . : .
4 . . : Assembly and -
. Tangible / Haptic ; Reconfiguration ‘
x Interaction : :
: Objects Manipulation Dicappea B> Battery Charging :
: ...etc ; ...etc :

Interaction Stage In-User Attention Out of User Attention
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/. Dis(Appearables)

(Dis)Appearables is an approach for Actuated Tangible User Interfaces to appear and disappear from user

experience perspective which is supported by a physical platform, Stage.

o  FAMA-TUIRH KRB H R K6EFAEER
o EfStageIl MBI EASETRE

(Dis)Appearables CHIZZ&,’

Concept and Method for Actuated Tangible Uls to
Appear and Disappear based on Stages

ACM CHI2022

K i i F *
en Nakagaki, Jordan Tappa, Yi Zhgng ; fJack“Forman, ” USC o
Joanne Leong, Sven Koenig’, and Hiroshi Ishii |_ media I— tangitle Southern California

https://vimeo.com/689454384?embedded=true&source=video title&owner=11720996
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https://vimeo.com/689454384?embedded=true&source=video_title&owner=11720996

/. Dis(Appearables)

(Dis)Appearables contribution incluses:
e Aresearch exploration of (Dis)Appearables
e Design Space of (Dis)Appearables for creating Appearing and Disappearing
e A proof-of-concept prototype base on an off-the shelf two-wheeled robotic

e Applications to demonstrate the design space fo Stages

Figure 7-1: Related Work of (Dis)Appearables (a. inForm [33], b. DynaBlock [144],
c. PneUl [174], d and e. Emergeables [119], f. Marble Answering Machine [21])
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/. Dis(Appearables)

(Dis)Appearables Concept and Overall Design

Door).

Figure 7-4: Transition Portals on Floor (a. Slope, b. Slope with Trap Door, c. Lift).

- % ®m e wewewewewewee

Information Display
/ Story-telling

Tangible / Haptic
Interaction

Objects Manipulation

In-User Attention

Back Stage

TransitionPortal + = = = = =« = = = =« = « =« « = = -w
: Align and Prepare :

Appear ' '

" Assembly and :

' Reconfiguration '

Di N Battery Charging :

. ...efo :

Out of User Attention
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/. Dis(Appearables)

(Dis)Appearables Concept and Overall Design
e Pixel - Physical Transition
e Teleportation

e Shape Transition

Basic Effects

Disappear

Display/Projection Combination

Pixel <-> Physical Transition

Multi-Device Combination

Teleportation

v

\/

Shape Transition
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/. Dis(Appearables)

(Dis)Appearables Implementation

HRE

Bifir B EStage
PR R
#{TStage

1. Plan / Design Stage>

. Fabricate Stage

-

Reference

Stage Design Ul

Stage Data

3. Control / Motion Design >

Control &

Control Ul

Origin / Target l Generated
Position Path

Path Planning Tool

T

Fedback
«—>

4. Execute on Stage
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/. Dis(Appearables)

(Dis)Appearables Implementation
e 3D visualization model in the tool
e Stage for control Ul for the robotic hardware

e software tool for Stage using processing 3.x
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/. Dis(Appearables)

(Dis)Appearables Implementation

o BuBEERAMBEES. i AoiofIA R LT

b V23
Sy
// -
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/. Dis(Appearables)

(Dis)Appearables Implementation
o AKX AMuIti-Agent Path Planning Tool
o HiRACBSH##Bik Conflict-Based Search Z#B ARTRRI=EE X
o ZEFAMAPFE{E{LE % Multi-agent Pathfinding ##E % MR BI &%
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(Dis)Appearables Gaming and Interactive

Mh

¥ i Teleport
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Shell Design and Generative Tools

o TRANS-DOCK — LEGO-like

O

o W{AIEEEL?

Desired Expression /

Interaction

Target Motlon / Dynamlcs

Application Modes

Required Functionality

User Interaction

etc...

BERENEHEEREES

HERMITS — #fEBuild-Blocks A X {TE 8 {LE& &

System
Identification Tool

%ﬁg aX |:|+ ﬂﬁl? ?nﬁkl =

System Condition

Number of Robots

Number, Types of Shell

Stage Desngn

Cost / Space

etc...

A& Rl SR AT B4R - L SRR A

3D Prlnter CapaC|ty

61



e User Evaluation and Study for Shells and

Stages

While the COVID-19 situation made it dicult to conduct user studies
with the implemented systems in this thesis, there are a variety of

evaluation opportunities to be conducted to assess the effects and

value of Shells and Stages.

AWAXECOVID-19EE, BIERFERAELETERSE, B

RO AT RERY R R E T OR

REMEFAHEAERSR. BME. ARAR. BEARS...

A-TUI RZRR9E FRFERS, FEiRE L MR T 6 AE

B8 hn e 2 S B (58 A

Potential Design &

General A-TUIs / Robotic Hardware Usage of Shell

Potential Design and
Usage of Stages

e Shel\ . W’&
g SO\ . G v LR
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g =
Leviettong Shel\
f é‘& “‘E&f wall
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Levitating A-TUls / 3 N ﬁ Res-\e
Drones : | toT Ty grege o5
S e < = (
T & Z
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Grgrer S Gt S\ 30e vl S\
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ui& Shed\ ‘L@%\ﬂ:
=

S Mg Metovtion

==t

Do S\ Sheve

Swet\
& \@ @7
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et bty Uty 05 StegR

oD

Other A-TUIs and Robotic Hardware...

—r 78
1 R Rovables, UIST16 ‘

§ - i (Extended opportunities...)
RoboBees, 2019 @ i
{

Boston
Dynamics

(Extended opportunities...)
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9. Conclusion

e 5StHiShellBiStageME# =R R HAI/E, EA-TUI e A Desktop and A Room R8s, i

o A-TUIKER&HE TTRANS-DOCK, HERMITS, o FEFRRXTAEH—BEERER ESKIELNEES
Dis(Appearables) = {EZEHl TS

o REWIBA-TUIKIZ IR 4L BRI AZ o REMRMHESIZRENENNEEMP

o EjfiEAMIMachine-material-environment{E8k Al B &
T—{EHCIRNTIRRIE

63



