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Figure 1. TOUCHTOKENS are passive tokens that guide users’ fingers to specific spatial configurations, resulting in distinguishable touch patterns.

ABSTRACT

TOUCHTOKENS make it possible to easily build interfaces
that combine tangible and gestural input using passive tokens
and a regular multi-touch surface. The tokens constrain users’
grasp, and thus, the relative spatial configuration of fingers
on the surface, theoretically making it possible to design al-
gorithms that can recognize the resulting touch patterns. We
performed a formative user study to collect and analyze touch
patterns with tokens of varying shape and size. The analysis
of this pattern collection showed that individual users have
a consistent grasp for each token, but that this grasp is user-
dependent and that different grasp strategies can lead to con-
founding patterns. We thus designed a second set of tokens
featuring notches that constrain users’ grasp. Our recognition
algorithm can classify the resulting patterns with a high level
of accuracy (>95%) without any training, enabling applica-
tion designers to associate rich touch input vocabularies with
command triggers and parameter controls.

Author Keywords
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ACM Classification Keywords
H.5.2 : User Interfaces - Graphical user interfaces.

INTRODUCTION

The main characteristics of multi-touch gestures performed
on the capacitive screens that typically equip tablets, smart-
phones, touchpads, as well as some tabletops, are the num-
ber of fingers involved and the individual trajectories of those
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fingers. Examples include 2- or 3-finger slide, and 2-finger
pinch. But to the exception of a few research projects that
consider touch points as chords [19, 21], interactive systems
ignore the relative spatial configuration of contact points;
what we call a touch pattern.

Our goal is to enable users to perform gestures based on a set
of distinct touch patterns, thereby increasing the richness of
input vocabularies for tactile surfaces. Our approach relies on
physical guidance, as it would be unrealistic to expect touch
patterns to be executed consistently across users, or even over
time by the same user. As the literature suggests that users
adopt grasp strategies that depend on the object to manipu-
late [39, 47], we investigate the potential of tangible tokens
held on the surface to act as physical guides constraining the
relative position of users’ fingers.

We present TOUCHTOKENS, a novel interaction technique
based on a set of easy-to-make passive tokens and a fast and
simple recognition algorithm that can discriminate the unique
touch pattern associated with each token in the set.! The ap-
proach features several advantages. First, physical tokens can
provide space-multiplexed input by associating different con-
trollers with different functions [18]. Second, tokens can alle-
viate issues related to discovery, exploration and learning in-
herent to gesture-based interaction [56]. Finally, tokens pro-
vide haptic feedback that promotes eyes-free interaction [28].

ToOUCHTOKENS make it easy to implement applications that
combine multi-touch and tangible input at low cost. Such a
combination has the potential to foster collaboration, support
distributed cognition, and enhance the user experience [1, 29,
46]. As opposed to other tangible systems that require elec-
tronic instrumentation (e.g., [9, 34]) or specific conductive
material (e.g., [17, 33]), our system relies on an algorithm

'Implementations of the algorithm and vector descriptions of the
tokens ready for 3D-printing or laser-cutting are available at
https://www.lri.fr/~appert/touchtokens/.
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ABSTRACT

TouchTokens are passive tokens that can be recognized on any
capacitive surface based on the spatial configuration of the fin-
gers that hold them. However, interaction with these tokens
is confined to the basic two-state model of touch interaction
as the system only knows the tokens’ position and cannot de-
tect tokens that are not touched. We increase the expressive
power of TouchTokens by introducing laser-cut lattice hinges
in their design, so as to make them flexible. A new recog-
nizer, that analyzes the micro-movements of the fingers that
hold the tokens, enables the system to detect when a token is
left on the surface rather than taken off it. It can also detect
bend events that can be mapped to command triggers, and a
squeezed state that can be used for quasi-modal interaction.

ACM Classification Keywords
H.5.2 : User Interfaces - Input devices and strategies.

Author Keywords
Tangible interaction; Multi-Touch input; Micro-movements

INTRODUCTION

TouchTokens [9] provide a simple means to develop tangible
interfaces. The approach relies on easy-to-make passive to-
kens that feature notches constraining how users grasp them.
Manipulating the tokens while maintaining the fingers in con-
tact with the touch-sensitive surface leads to specific multi-
touch spatial patterns that can be uniquely identified using a
relatively simple software recognizer. However, users are lim-
ited in how they can manipulate these tokens, as is often the
case with approaches based on capacitive sensing.

In this article, we aim at increasing the expressive power of
TouchTokens by making the system able to detect: 1) when a
token is left on or lifted off the surface, 2) when it is squeezed
and 3) when it is bent. We achieve this without introducing
any kind of instrumentation, thus preserving the simplicity
of the original approach, which relies exclusively on passive
tokens, and which works with any off-the-shelf capacitive sur-
face. Our solution relies on the hardware side on making
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the tokens flexible by introducing lattice-hinges in their de-
sign, and on the software side on a novel recognizer that ana-
lyzes the micro-movements of the token-holding fingers that
remain in contact with the surface.

After a short overview of related work, we describe the design
of our flexible tokens, based on lattice hinges which can easily
be obtained using fabrication processes such as laser cutting.
We then report on a formative study in which we collected a
sample of finger micro-movements that are representative of
the manipulations afforded by our flexible tokens. Finally, we
describe our recognizer, and evaluate its performance.

RELATED WORK

The most common approach to enabling tangible interaction
on surfaces that use diffuse illumination technology consists
in augmenting the objects with fiducial markers, and using
a vision-based algorithm to identify them and track their lo-
cation (see, e.g., [5]). Other projects have investigated tan-
gibles that reflect incoming light to the surface in a specific
way in order to support more manipulations, such as TZee
tangibles [14], which have the shape of a truncated pyramid
and support gesturing on their sides, or Lumino blocks [1],
which can be stacked. Diffuse illumination is a solution that
is usually reserved to large setups such as tabletops.

Another approach involves augmenting tangibles with mag-
nets. When coupled with a force-resistive screen, the system
can detect pressure and gestures performed on top of the to-
kens [6]. When coupled with a surface augmented with a
Hall sensor grid, the system can track tokens hovering over
the surface [8]. GaussBricks [7], which also rely on a display
equipped with Hall sensors, are bricks that can be assembled
together to create larger objects featuring both deformable
and rigid parts. While this approach enables very rich interac-
tions, it requires augmenting the surface with specific sensors,
and ensuring that the device’s environment is free of any fer-
rous object that could interfere with the tangibles’ magnetic
field.

Solutions based on capacitive sensing are more affordable,
but usually more limited. The system will often only be able
to track the tokens that users are touching. There are, how-
ever, a few exceptions that go beyond these limitations. Cap-
Stones and ZebraWidgets [3] are capacitive units that can be
assembled to configure different conductive circuits, enabling
more manipulations with the tangibles that can, for example,
be stacked or feature moving parts. PUCs [13] widgets rely
on the principle of mutual capacitance so as to be detected
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CONCLUSION

As discussed in [9], TouchTokens can play different roles in
an application. They can be used to control parameters or fil-
ter data in a visualization. They can be used as controllers in
games, as data receptacles to hold any kind of content, and
even as an access control mechanism. Our new events en-
able developing more powerful interfaces where tokens can
be dragged (squeeze) or clicked (bent, squeezed), and where
several tokens can be laid on the surface (on/off enabling the
system to keep track of them). This extended vocabulary can
be used for different purposes, such as concurrently activating
several filters, invoking commands on specific items or trans-
ferring data using drag-and-drop, click actions or contextual
controls that take the tokens’ relative layout into account.
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Figure 1. LeviProp provides a design method for creating levitated props combining a light piece of fabric with attached anchor
beads: (a) We input the outline design and animation constraints (i.e. moving parts and rotations); (b) Our novel algorithm optimizes
the location of the anchor beads on the fabric, obtaining maximum trapping forces on the structure (c) The final design is easy to
build with a laser cutter; and (D) can be levitated in an interactive way.

ABSTRACT

LeviProps are tangible structures used to create interactive
mid-air experiences. They are composed of an acoustically-
transparent lightweight piece of fabric and attached beads
that act as levitated anchors. This combination enables real-
time 6 Degrees-of-Freedom control of levitated structures
which are larger and more diverse than those possible with
previous acoustic manipulation techniques. LeviProps can be
used as free-form interactive elements and as projection
surfaces. We developed an authoring tool to support the
creation of LeviProps. Our tool considers the outline of the
prop and the user constraints to compute the optimum
locations for the anchors (i.e. maximizing trapping forces),
increasing prop stability and maximum size. The tool
produces a final LeviProp design which can be fabricated
following a simple procedure. This paper explains and
evaluates our approach and showcases example applications,
such as interactive storytelling, games and mid-air displays.

Author Keywords
Levitation, design methods, tools, fabrication, mid-air Uls.
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INTRODUCTION

The idea of controlling matter to create advanced user
interfaces has inspired HCI research, from concepts like the
Ultimate display [30] to Radical Atoms [11].
Magnetophoresis [12] has been explored as a method for
contactless control of matter. Ultrasonic levitation is another
method [2,9,24,34] that has received significant attention for
several reasons: a) no specific physical properties (e.g.
ferromagnetic or dielectric) are required for the manipulated
matter, allowing manipulation of materials ranging from
polystyrene beads to coloured liquids [8,25], or even food
[32]; b) it is low-cost compared to optical manipulation [14];
¢) it is not harmful for the human health [3]; d) can reach tens
of centimetres [6]; and e) it can manipulate multiple particles
with fine control on the position [17]. However, apart from
some exceptions which require high-power and can control
only one particle [1,7,10,15], acoustic techniques are limited
to small spherical particles (i.e. ~2mm) and shapes made of
points, greatly limiting their expressiveness as interfaces.

This paper presents LeviProps, which are tangible levitated
props created by combining lightweight and acoustically-
transparent fabric (e.g. Super Organza) with attached
polystyrene beads. The fabric provides a continuous and
free-form 2D surface, adding to its expressiveness or even
acting as optical diffusers for mid-air displays. The beads act
as levitated anchors that support the fabric and enable
dynamic control of the props. LeviProps can be manipulated
in mid-air with up to 6 Degrees-of-freedom (DoF) and be
composed of multiple moving parts called levitation
primitives. A primitive is a set of one or more beads attached
to the fabric that retain their relative position (i.e. move and
rotate together). Primitives can be animated independently,
e.g. the butterfly in Figure 1d is composed of 3 primitives:
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Figure 1: UltraPower uses focused ultrasound to wirelessly transfer power to components in tangible and wearable devices (a):
e.g., lights in a tabletop tangible object (b), loudspeakers on a physical object (c), and vibration motors in wearable devices (d).

ABSTRACT

Wireless power transfer creates new opportunities for interaction
with tangible and wearable devices, by freeing designers from the
constraints of an integrated power source. We explore the use of
focused ultrasound as a means of transferring power to a distal
device, transforming passive props into dynamic active objects.
We analyse the ability to transfer power from an ultrasound array
commonly used for mid-air haptic feedback and investigate the
practical challenges of ultrasonic power transfer (e.g., receiving and
rectifying energy from sound waves). We also explore the ability
to power electronic components and multimodal actuators such as
lights, speakers and motors. Finally, we describe exemplar wearable
and tangible device prototypes that are activated by UltraPower,
illustrating the potential applications of this novel technology.

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.

TEI °21, February 14-17, 2021, Salzburg, Austria

© 2021 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-8213-7/21/02...$15.00
https://doi.org/10.1145/3430524.3440620

CCS CONCEPTS

« Human-centered computing — Interaction devices; « Hard-
ware — Power and energy; Wireless devices.

KEYWORDS

Energy; Ultrasound; Tangible Device; Wearable Device; Wireless
Power Transfer

ACM Reference Format:

Rafael Morales, Asier Marzo, Euan Freeman, William Frier, and Orestis
Georgiou. 2021. UltraPower: Powering Tangible & Wearable Devices with
Focused Ultrasound. In Fifthteenth International Conference on Tangible,
Embedded, and Embodied Interaction (TEI °21), February 14-17, 2021, Salzburg,
Austria. ACM, New York, NY, USA, 13 pages. https://doi.org/10.1145/3430524.
3440620

1 INTRODUCTION

Power is a crucial requirement for almost every interactive com-
puting device. Provision of power has a significant impact on the
device form factor and use: batteries need to be integrated, charged
or replaced, whereas wired alternatives may constrain the range of
interactions with the device. Moreover, power integration continues
to affect a device after its functional life-cycle has ended as it can
prevent or increase the cost of its recycling. To that end, wireless
power transfer (WPT) is an appealing alternative, pioneered by N.
Tesla in the 1890s, whereby power is transferred without physical


https://doi.org/10.1145/3430524.3440620
https://doi.org/10.1145/3430524.3440620
https://doi.org/10.1145/3430524.3440620

UltraPower

3, 4 (2002), 46-57.

Takashi Miyaki, Yong Ding, Behnam Banitalebi, and Michael Beigl. 2011. Things
that Hover: Interaction with Tiny Battery-less Robots on Desktop. In Extended
Abstracts of the 2011 CHI Conference on Human Factors in Computing Systems - CHI
EA °11 (alt.chi). ACM Press, 531-540. https://doi.org/10.1145/1979742.1979624
Kikuya Miyamura, Yuichi Miyaji, and Ren Ohmura. 2017. Feasibility study on
wireless power transfer for wearable devices. In Proceedings of the 2017 ACM
International Symposium on Wearable Computers - ISWC ’17. ACM Press, 166-167.
https://doi.org/10.1145/3123021.3123030

Yasuaki Monnai, Keisuke Hasegawa, Masahiro Fujiwara, Kazuma Yoshino, Seki
Inoue, and Hiroyuki Shinoda. 2014. HaptoMime: Mid-Air Haptic Interaction with
a Floating Virtual Screen. In Proceedings of the 27th Symposium on User Interface
Software and Technology - UIST °14. ACM Press, 663-667. https://doi.org/10.1145/
2642918.2647407

Rafael Morales, Asier Marzo, Sriram Subramanian, and Diego Martinez. 2019.
LeviProps: Animating Levitated Optimized Fabric Structures using Holographic
Acoustic Tweezers. In Proceedings of the 32nd ACM User Interface Software and
Technology Symposium - UIST '19. ACM Press, 651-661. https://doi.org/10.1145/
3332165.3347882

Rafael Morales Gonzalez, Caroline Appert, Gilles Bailly, and Emmanuel Pietriga.
2016. TouchTokens: Guiding Touch Patterns with Passive Tokens. In Proceedings
of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose,
California, USA) (CHI ’16). Association for Computing Machinery, New York, NY,
USA, 4189-4202. https://doi.org/10.1145/2858036.2858041

Rafael Morales Gonzalez, Caroline Appert, Gilles Bailly, and Emmanuel Pietriga.
2017. Passive yet Expressive TouchTokens. In Proceedings of the 2017 CHI Con-
ference on Human Factors in Computing Systems (Denver, Colorado, USA) (CHI
’17). Association for Computing Machinery, New York, NY, USA, 3741-3745.
https://doi.org/10.1145/3025453.3025894

Rafael Morales Gonzalez, Euan Freeman, and Orestis Georgiou. 2020. Levi-Loop:
A Mid-Air Gesture Controlled Levitating Particle Game. In Extended Abstracts of
the 2020 CHI Conference on Human Factors in Computing Systems (Honolulu, HI,
USA) (CHI EA °20). Association for Computing Machinery, New York, NY, USA,
1-4. https://doi.org/10.1145/3334480.3383152

Kensuke Nagaya, Jiang Liu, and Shigeru Shimamoto. 2019. Design of Ultrasonic
Wireless Power Transfer System. In 2019 IEEE Globecom Workshops (GC Wkshps).
IEEE, 1-6.

Diana Nowacka, Karim Ladha, Nils Y. Hammerla, Daniel Jackson, Cassim Ladha,
Enrico Rukzio, and Patrick Olivier. 2013. Touchbugs: Actuated Tangibles on
Multi-Touch Tables. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems - CHI °13. ACM Press, 759-762. https://doi.org/10.1145/
2470654.2470761

Yoichi Ochiai, Takayuki Hoshi, and Jun Rekimoto. 2014. Pixie Dust: Graphics
Generated by Levitated and Animated Objects in Computation Acoustic-Potential
Field. ACM Transactions on Graphics 33, 4 (2014), Article 85. https://doi.org/10.
1145/2601097.2601118

Yoichi Ochiai, Takayuki Hoshi, and Ippei Suzuki. 2017. Holographic whisper:
Rendering audible sound spots in three-dimensional space by focusing ultrasonic
waves. In Proceedings of the 2017 CHI Conference on Human Factors in Computing
Systems. 4314-4325.

Masa Ogata and Masaaki Fukumoto. 2015. FluxPaper: Reinventing Paper with
Dynamic Actuation Powered by Magnetic Flux. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems - CHI "15. ACM Press, 29-38.
https://doi.org/10.1145/2702123.2702516

Themis Omirou, Asier Marzo, Sue Ann Seah, and Sriram Subramanian. 2015.
LeviPath: Modular Acoustic Levitation for 3D Path Visualisations. In Proceedings
of the 33rd Annual ACM Conference on Human Factors in Computing Systems -
CHI ’15. ACM Press, 309-312. https://doi.org/10.1145/2702123.2702333
Cunhua Pan, Hong Ren, Kezhi Wang, Maged Elkashlan, Arumugam Nallanathan,
Jiangzhou Wang, and Lajos Hanzo. 2020. Intelligent reflecting surface aided
MIMO broadcasting for simultaneous wireless information and power transfer.
IEEE Journal on Selected Areas in Communications (2020).

Esben Warming Pedersen and Kasper Hornbzek. 2011. Tangible Bots: Interaction
with Active Tangibles in Tabletop Interfaces. In Proceedings of the 2011 annual
conference on Human factors in computing systems - CHI "11. ACM Press, 2975-
2984. https://doi.org/10.1145/1978942.1979384

Spyros Polychronopoulos and Gianluca Memoli. 2020. Acoustic levitation with
optimized reflective metamaterials. Scientific reports 10, 1 (2020), 1-10.
Shashank Priya, Hyun-Cheol Song, Yuan Zhou, Ronnie Varghese, Anuj Chopra,
Sang-Gook Kim, Isaku Kanno, Liao Wu, Dong Sam Ha, Jungho Ryu, et al. 2019.
A review on piezoelectric energy harvesting: materials, methods, and circuits.
Energy Harvesting and Systems 4, 1 (2019), 3-39.

Angad S Rekhi, Butrus T Khuri-Yakub, and Amin Arbabian. 2017. Wireless power
transfer to millimeter-sized nodes using airborne ultrasound. IEEE transactions
on ultrasonics, ferroelectrics, and frequency control 64, 10 (2017), 1526-1541.
Qiongfeng Shi, Tao Wang, and Chengkuo Lee. 2016. MEMS based broadband
piezoelectric ultrasonic energy harvester (PUEH) for enabling self-powered im-
plantable biomedical devices. Scientific reports 6 (2016), 24946.

TEI °21, February 14-17, 2021, Salzburg, Austria

[68] Shun Suzuki, Keisuke Hasegawa, Yasutoshi Makino, and Shinoda. 2018. Haptic

Tracing of Midair Linear Trajectories Presented by Ultrasound Bessel Beams.
In Proceedings of EuroHaptics 2018 in LNCS 10893 - EuroHaptics ’18. Springer
International Publishing, 209-220. https://doi.org/10.1007/978-3-319-93445-7_19
Rajesh V Taalla, Md Shamsul Arefin, Akif Kaynak, and Abbas Z Kouzani. 2018. A
review on miniaturized ultrasonic wireless power transfer to implantable medical
devices. IEEE Access 7 (2018), 2092-2106.

Ryoko Takahashi, Keisuke Hasegawa, and Hiroyuki Shinoda. 2018. Lateral Modu-
lation of Midair Ultrasound Focus for Intensified Vibrotactile Stimuli. In Proceed-
ings of EuroHaptics 2018 in LNCS 10894 - EuroHaptics ’18. Springer International
Publishing, 276-288. https://doi.org/10.1007/978-3-319-93399-3_25

Ryo Takahashi, Takuya Sasatani, Fuminori Okuya, Yoshiaki Narusue, and Yoshi-
hiro Kawahara. 2018. A Cuttable Wireless Power Transfer Sheet. Proceedings of
the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies 2, 4 (2018),
1-25. https://doi.org/10.1145/3287068

Hsin-Ruey Tsai, Min-Chieh Hsiu, Jui-Chun Hsiao, Lee-Ting Huang, Mike Chen,
and Yi-Ping Hung. 2016. TouchRing: subtle and always-available input using a
multi-touch ring. In Proceedings of the 18th International Conference on Human-
Computer Interaction with Mobile Devices and Services Adjunct - MobileHCI ’16.
ACM Press, 891-898. https://doi.org/10.1145/2957265.2961860

Victor Farm-Guoo Tseng, Sarah S Bedair, and Nathan Lazarus. 2017. Acoustic
wireless power transfer with receiver array for enhanced performance. In 2017
IEEE Wireless Power Transfer Conference (WPTC). IEEE, 1-4.

Victor Farm-Guoo Tseng, Sarah S Bedair, and Nathan Lazarus. 2017. Phased array
focusing for acoustic wireless power transfer. IEEE transactions on ultrasonics,
ferroelectrics, and frequency control 65, 1 (2017), 39-49.

Pier Paolo Valentini and Eugenio Pezzuti. 2017. Accuracy in fingertip tracking
using Leap Motion Controller for interactive virtual applications. International
Journal on Interactive Design and Manufacturing (IfIDeM) 11, 3 (2017), 641-650.
Jan B. F. van Erp, Alexander Toet, Koos Meijer, Joris B. Janssen, and Arnoud de
Jong. 2015. Subjective User Experience and Performance with Active Tangibles on
a Tabletop Interface. In Proceedings of the International Conference on Distributed,
Ambient, and Pervasive Interactions in LNCS 9189 - DAPI ’15. Springer International
Publishing, 212-223. https://doi.org/10.1007/978-3-319-20804-6

Nicolas Villar, Daniel Cletheroe, Greg Saul, Christian Holz, Tim Regan, Oscar
Salandin, Misha Sra, Hui-Shyong Yeo, William Field, and Haiyan Zhang. 2018.
Project zanzibar: A portable and flexible tangible interaction platform. In Pro-
ceedings of the 2018 CHI Conference on Human Factors in Computing Systems.
1-13.

Edward J. Wang, Manuja Sharma, Yiran Zhao, and Shwetak N. Patel. 2018.
CASPER: Capacitive serendipitous power transfer for through-body charg-
ing of multiple wearable devices. In Proceedings of the 2018 ACM Interna-
tional Symposium on Wearable Computers - ISWC ’18. ACM Press, 188-195.
https://doi.org/10.1145/3267242.3267254

Malte Weiss, Florian Schwarz, Simon Jakubowski, and Jan Borchers. 2010. Mad-
gets: Actuating Widgets on Interactive Tabletops. In Proceedings of the 23rd
Annual ACM Symposium on User Interface Software and Technology - UIST '10.
ACM Press, 293-302. https://doi.org/10.1145/1866029.1866075

Paul Worgan, Jarrod Knibbe, Mike Fraser, and Diego Martinez Plasencia. 2016.
PowerShake: Power Transfer interactions for mobile devices. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems - CHI ’16. ACM
Press, 4734-4745. https://doi.org/10.1145/2858036.2858569

Cheng Xu and Kent Lyons. 2015. Shimmering Smartwatches: Exploring the
Smartwatch Design Space. In Proceedings of the 9th International Conference
on Tangible, Embedded, and Embodied Interaction - TEI ’15. ACM Press, 69-76.
https://doi.org/10.1145/2677199.2680599

Thoriq Zaid, Shakir Saat, and Norezmi Jamal. 2014. A development of low-power
acoustic energy transfer system using push-pull power converter. (2014).

Yang Zhang, Yasha Iravantchi, Haojian Jin, Swarun Kumar, and Chris Harrison.
2019. Sozu: Self-Powered Radio Tags for Building-Scale Activity Sensing. In
Proceedings of the 32nd Annual ACM Symposium on User Interface Software and
Technology. 973-985.

Kening Zhu and Shengdong Zhao. 2013. AutoGami: a low-cost rapid prototyping
toolkit for automated movable paper craft. In Proceedings of the SIGCHI conference
on human factors in computing systems. 661-670.


https://doi.org/10.1145/1979742.1979624
https://doi.org/10.1145/3123021.3123030
https://doi.org/10.1145/2642918.2647407
https://doi.org/10.1145/2642918.2647407
https://doi.org/10.1145/3332165.3347882
https://doi.org/10.1145/3332165.3347882
https://doi.org/10.1145/2858036.2858041
https://doi.org/10.1145/3025453.3025894
https://doi.org/10.1145/3334480.3383152
https://doi.org/10.1145/2470654.2470761
https://doi.org/10.1145/2470654.2470761
https://doi.org/10.1145/2601097.2601118
https://doi.org/10.1145/2601097.2601118
https://doi.org/10.1145/2702123.2702516
https://doi.org/10.1145/2702123.2702333
https://doi.org/10.1145/1978942.1979384
https://doi.org/10.1007/978-3-319-93445-7_19
https://doi.org/10.1007/978-3-319-93399-3_25
https://doi.org/10.1145/3287068
https://doi.org/10.1145/2957265.2961860
https://doi.org/10.1007/978-3-319-20804-6
https://doi.org/10.1145/3267242.3267254
https://doi.org/10.1145/1866029.1866075
https://doi.org/10.1145/2858036.2858569
https://doi.org/10.1145/2677199.2680599

	Introduction
	Related Work
	Tangible tokens for tactile surfaces
	Multi-touch input and power of expression

	TouchToken
	Fabrication
	Recognition

	Regular tokens
	Experiment design
	Token Set
	Types of interaction
	Participants and Apparatus
	Procedure

	Results
	Recognition rate per participant
	Recognition rate between participants
	Grasp strategies


	Tokens with notches
	Experiment
	Experimental design
	Procedure
	Participants & Apparatus

	Results

	Applications
	Discussion and Future Work
	Main findings
	Alternative recognition strategies
	Future work

	REFERENCES 

