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Novel Form Factors
or the world is not flat
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Two research directions

New display forms Interactivity everywhere

In common: projector + (depth) camera



New Display Forms



Sphere Multi-Touch Interactions



Pinch-the-Sky Dome

Benko & Wilson, ITS 2010.



Mouse 2.0

Villar, Izadi, Rosenfeld, Benko, Helmes, Westhues, Hodges, Ofek, Butler, Cao & Chen, UIST 2009

MultiTouch Pen

Song, Benko, Guimretiere, Izadi, Cao & Hinckley, CHI 2011.



Deformable Curved Displays

Bacim, Sinclair & Benko, ITS 2012



What are curved surfaces good for?



't depends...

If data matches shape
— Great
If viewing 2D data
— Probably worse
If viewing a 3D scene
— No different than flat displays
If exploiting some unique capability
— Potentially much better!



Sphere Unique Characteristics

* Non-visible hemisphere

* Visibility changes with position
* “Pseudo-private” and “public” areas

* No master user position / orientation
* Borderless, but finite display
* Few natural landmarks: poles

* Smooth transitions in depth and orientations
* Near —far
* Horizontal — vertical



MirageTable

Benko, Jota, Wilson, CHI 2012



MirageTable

Benko, Costa, and Wilson, CHI 2011



3D in your hand

Benko, Jota, Wilson, CHI 2012



Interactivity everywhere



What if you could use any available surface (including
your body) as an interactive surface?

Rather than reach for a device...
simply touch where you want to see information...
and interact with it.



LightSpace

Combining Multiple Depth
Cameras and Projectors for
Interactions On, Above, and
Between Surfaces

Wilson & Benko, ACM UIST, 2010




How to get the surface?

Analytic Approach

* Problems:
 Slight variation in surface flatness
» Slight uncorrected lens distortion effect in depth image
* Noise in depth image



How to get the surface?

Empirical Approach
» Take per-pixel statistics of the empty surface



KinectTouch

Wilson, ACM ITS 2010



But this works for static surfaces only!



What about dynamic surfaces?
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Can we track the finger?

* Hard in general
e Simple from a body-centric perspective



Harrison, Benko, and Wilson, ACM UIST 2011
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FLEXIBLE DISPLAYS
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Technology Trends

Flexible e-paper and OLED displays are the most
promising technologies for general-purpose
displays.

Projection is likely to play an important role for
providing in-situ information by visually
augmenting physical objects.

There are some other technologies that have
potential to support more specific use cases.



Flexible ePaper

Sony, 2011



Flexible ePaper

LG, 2010 ITRI, 2011



Flexible OLED

Samsung, 2011



Flexible OLED

Samsung, 2009 Sony, 2010



LEDs in Textiles

Philips Lumalive, 2006



Thermochromic Ink

Saakes et al.: Shader Printer, 2012



Projection

Takahashi et al.:
Fluid Surface, 2012

Mistry et al.:
Sixth Sense, 2009

Cassinelli et al.:
SkinGames, 2012



Flexible Sensing

Deformation  Surface Input

External Internal
E-g. E.g. printed:
Omnitouch (UIST’11) Ink-jet Printed Ubiquitous Sensing (UbiComp’11)
Jamming User Interfaces (UIST’12) PyzoFlex (UIST"12)
optical:
Twend (CHI'08)

FlexAura (UIST’12)
Stretchable sensor (UIST’12)



INTERACTION



Flexible displays allow for

Incorporating displays into objects previously not
compatible with displays (e.g. textiles)

Highly portable devices

Malleable devices that adapt their shape to the
current functionality

Paper-like/paper-inspired interfaces that draw
upon the affordances of paper

More expressive, more varied ways of interaction
and presentation of information

+...7



Portability and Ergonomic Use

Lee et al.: Foldable Interactive Displays, UIST’08

Nokia Morph Concept



Reconfigurable Devices: Folding

OLPC xo-2, 2008



Reconfigurable Devices: Rolling out

Khalilbeigi et al.: Xpaaand, CHI'11



Reconfigurable Devices: Rolling out

Steimle and Olberding: Handheld Tabletop, CHI’12



Paper-like Interactions

Holman et al.: PaperWindows, CHI’05



Paper-like Interactions: Stacking

Girouard et al.: DisplayStacks, CHI'12



Paper-like Interactions: Arranging

Lissermann et al: PaperVideo, ACM Multimedia, 2012



Paper-like Interactions: Folding

Khalilbeigi et al.: FoldMe, TEI'12



Navigation by Bending

Schwesig et al.: Gummi, CHI'04



Navigation by Bending

Lahey et al.: PaperPhone, CHI'11



Navigation by Bending

Nokia Kinetic, 2011



Navigation by Bending

Cassinelli and Ishikawa: Khronos Projector, 2005
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Shape Output Material Properties




Bend, stretch, fold, shape, ...

Nokia Morph

[lluminating Clay [ Piper et al. 2002 ]

Surface 2 SandScaPe [Wang et al. 2003 ]




llluminating Clay, SandScape

Ben Piper, Carlo Ratti, Yao Wang, Assaf Biderman, Bo Zhu, Saro Getzoyan, Hiroshi Ishii

Piper et al. llluminating clay: a 3-D tangible interface for landscape analysis. CHI '02




Tangible Media Group Vision:




The Ultimate Display

The ultimate display would, of
course, be a room within which the
computer can control the existence
of matter. A chair displayed in such
a room would be good enough to
sit in. Handcuffs displayed in such
a room would be confining, and a
bullet displayed in such a room
would be fatal. With appropriate
programming such a display could
literally be the Wonderland into
which Alice walked.

lvan Sutherland (1965)




Shape Output: Related Work

Iwata et al. 2001. Project FEELEX: adding Poupyrev et al. Lumen
haptic surface to graphics. SIGGRAPH '01.

Xenotran XenoVision Mark 111 Zhu et. al. 2003. Digital Clay
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Relief

Daniel Leithinger, Hiroshi Ishii




Recompose

Matt Blackshaw, David Lakatos, Tony DeVincenzi, Daniel Leithinger, Hiroshi Ishii




Material Properties

Optical Properties
= Color, Opacity, Reflectivity, Luminosity

o Surface Properties
=  Texture

o Thermal Properties:
=  Temperature, specific heat, Thermal Conductivity

o Electro/Magnetic Properties:
= Conductivity, Dielectric Properties, Diamagnetism

o Mechanical Properties:
= Plasticity, Elasticity, Ductility, Hardness, Density, Coefficient of Friction,
Stiffness
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Jamming User Interfaces

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, Hiroshi Ishii
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Jamming User Interfaces

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, Hiroshi Ishii
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Programmable Affordances

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, Hiroshi Ishii
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Haptic Feedback

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, Hiroshi Ishii
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Shape Change

Sean Follmer, Daniel Leithinger, Alex Olwal, Nadia Cheng, Hiroshi Ishii
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Radical Atoms
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Wagner: Der Ring des Nibelungen

Wagner's Dream, The Metropolitan Opera
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Wagner: Der Ring des Nibelungen

Wagner's Dream, The Metropolitan Opera

18


http://www.amazon.com/s?ie=UTF8&field-keywords=The%20Metropolitan%20Opera&ref=dp_dvd_bl_act&search-alias=dvd
http://www.amazon.com/s?ie=UTF8&field-keywords=The%20Metropolitan%20Opera&ref=dp_dvd_bl_act&search-alias=dvd

Amphorm
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