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Shape-changing Swarm Robots

a swarm of selt-transtormable robots that can
poth Individually and collectively transform their shapes.
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Background



The World of Bits The World of Atoms The Worla of Bits The Worla of Atoms

Interface v \ Interface
(a tiny rectangle window) (bits = atoms)
Graphical Ul Tangible Ul

display as an intertface the physical world as an interface



Static Dynamic
Physical Object Physical Object
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Static Tangible Interfaces Shape-changing Interfaces

static tangible objects and overlaid graphics for dynamic physical objects to fully represent
manipulation and representation the fluidity of digital information




Shape-changing Interfaces
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PneUl [Yao, UIST’13] Inflatable Mouse [Kim, CHI’O8]

Thrifty Faucet [Togler, TEI'O9] Bendi [Park, CHI'15] Lumen [Poupyrev '04] HypoSurface [Goulthorpe '01]

single-purpose ~=————> general-purpose



Discrete and Distributed

large, heavy, complex modular, scalable, deployable



GridDrones

Swarm User Interfaces

Reactile
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Beyond 2D Shape

... but static

Kinetic Blocks Dynablock

Robotic Assembly

11









Technical challenges

Miniature size actuator
put large deformation capability
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Highly extendable linear actuators
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Pneumatic Reel Actuator
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Polyester Film

- Limit Switch

t 7\ Reel Shafts










LiPo Battery

Battery Charger

— Motor Drivers

ESP8266
Microcontroller

5\ I DC Motors
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Overhead Projector
Epson VS250

Translucent Tabletop
Acrylic, Mylar Drafting Film

Marker
ArUco

U

~WiFi Router
Apple AirPort Express

Camera
Logitech C930e

&

Control
IMac
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Clear Init

Tracking and GUI Coptroller I

i 4 iﬁj: 6 x: 1186, y: 228, angle: 303 len: 214 id: 5
id: /830, y: 252, apgle: 233 [BN314 id: 0 - |
X: 448, y: 272 X: Y: 26 v Initialize before moving
angle: 100 anBle: 174
v Enable extend
id: 1 id: 9 X: 33358 Y. 462, angle: 357 len: 200 id: 4 Add Save | oad
X: 7Q.9m'359.15@|1gle: 179len: 206id: 1  x: 1234, 489
angle: 94 @ngle: 26 Choose +
Robots

[

Id: 2
\% v 8915 oD aricT@d 21 15, ¥:721, angle: 52 len: 288 id: 3

id: 3 N’""‘t anfle: 173
x: 8 3,y: 813 \

angle: 91




Locate

Move

Orient

Pickup
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End Cap

i Limit Switch
Polyester Sheet :
DC Motors
Enclosure / i
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T // \ N
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Reel Shafts
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Applications
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Dynamic

nysicalization
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Embedded Data Physicalization
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Nteractive Information




Interactive Physical Display

Dynamic Shape Construction




~ Swarm Robots
Number of Robots
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—veryday Assistant




Cleaning Robots
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In-situ Physical Assistants




Design Space and
Future Opportunities



Input Capability

e.g., Deformation
and construction

Locomotion Capability

e.g., Shape-changing
drones

Size of Elements

e.g., Room-scale
robots

Materiality

e.g., Shape-changing
swarm soft robots

Representations
e.g., Haptic proxy for

Connectability

e.g., Connected for
graspable objects
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Conclusion

49



Contributions

1. Concept of shape-changing swarm robots
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2. ShapeBots design and applications
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3. Design space exploration for
future research opportunities

—1

g < /90 -8
s.

Size of Elements

< -

Input Capability
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Materiality

Connectability

Representations
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