Squeezing the Sandwich: A Mobile Pressure-Sensitive
Two-Sided Multi-Touch Prototype

Georg Esst?
YUniversity of Michigan
Computer Science & Engineering and Music
gessl@eecs.umich.edu

ABSTRACT

Two-sided pressure input is common in everydayraate
tions such as grabbing, sliding, twisting, and ignan

object held between thumb and index finger. We rilesc
and demonstrate a research prototype which allowswvo-

sided multitouch sensing with continuous pressopeit at
interactive rates and we explore early ideas dadrattion
techniques that become possible with this setup.advan-
tage of a two-sided pressure interaction is thanibles
high degree-of-freedom input locally. Hence ratkhem-

plex, yet natural interactions can be designedgusitie

finger motion and device space.

ACM Classification: H.5.2 [Information Interfaces and

Presentation]: User Interfaces — input devices sinalte-
gies, interaction styles.

General terms: Design Human Factors

Keywords: Pressure sensing, two-sided input, multitouch,

bimanual input, high degree-of-freedom input

INTRODUCTION

It is a central theme of mobile interaction resharcctry to

cope with the size and form factor imposed by hatdih
devices. Showing interface elements in the limisedeen

space comes at a cost. Touch-based interactiorisoaed
ally lead to occlusions of information that mayJaduable.

In recent years numerous proposals have been rodde t
prove interactions on mobile phones using a muitito
paradigm, including flexible displays and two-sidetrac-

tions [4,5,6,7]. Pen-based pressure input has lzsm in-

troduced to give additional flexibility to a touskfreen

[3.6].

In this demonstration we describe a working prqiety
which allows for two-sided multi-touch pressureeitatc-
tions at interactive rates. This offers a large benof local
degrees of freedom and hence allows for packingt @fl
control in a small screen area. If large numberpasbme-
ters can be manipulated with no or limited motispace
frees up for content which would otherwise be uspdor
Ul elements. Thus the amount of occlusion is reduce

Furthermore there are natural hand motor actioas dhe
not typically supported on traditional mobile deasc Pri-
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mary among those motor actions are grabbing, tvgsti
turning, and squeezing. All these actions relyvom dppos-
ing fingers (typically thumb and index finger) [2Ylany
touch interfaces either place all fingers on edoating, or
rely on a point-and-touch paradigm for all thetenactions.

Figure 1. Sandwich prototype.

In an everyday grabbing action like holding we cohthe
pressure to the object directly by simultaneouglplgng
the forward-acting force and the counter-actingcdoWe
believe that opposing thumb actions are good caetdfor
allowing more fine-grained pressure control, whican
already be experience with our prototype.

In our concept we aim to interact with a singlenpaif con-
tact simultaneously from the front- and the badesiln
thumb-index-finger pinching, the same location dre t
screen can be touched from two sides. Minute sbffthie
touch points of the two fingers can be used tongefota-
tions around arbitrary axes. In addition, the laratbe-
tween thumb and index finger can be squeezed vigth h
precision to generate additional information.

Pressure-sensitive dual-surface interaction oppne large
design space of rich interactions of which we offarearly
demonstration.

RELATED WORK

Gummi [4] uses bending to control transitions bemve
views, transparency, and zooming. In our setuph sac
gradual control can be achieved by applying difiere
amounts of pressure on the device. HybridTouchufgls a
touchscreen in the front and a touchpad in the hdck
device. LucidTouch [7] is a two-sided multitouchpin
device which reduces visual occlusion by emphagibie-
hind-the-back interactions. Shen et al. [5] propasevo-
sided multitouch interaction device and describated



gestures. In contrast to our work they do not ussgure as
an input parameter and thus require an additiorethar
nism for object selection. The idea of using presdor

embodied interaction with devices has been formadlat

some time ago [1]. To incorporate precise pressymet in
standard interactions Ramos et al. develgpedsure wid-

gets[3]. These are continuous pressure-sensing GUI ele

ments which are operated with a stylus. ShapeTd8Fh
uses the contact shape of hands on multitouch casft
directly control objects. ShapeTouch infers confactes
from the size of contact regions. Our prototype M@up-

port this approach to controlling objects and addilly

can measure contact forces directly.

INTERACTION CONCEPT

Our prototype offers front and back 2D touch cooatks
for up to five fingers on each side, and four pressalues
associated with each corner of the device at upddgs of
50Hz. This allows for a range of interaction cortsefn-
cluding direct touch interactions on 2D and 3D otgeas
well as widget-based interactions.

We demonstrate real-time interactions with 3D otgjecs-
ing two-sided pressure interactions, allowing fotuitive
rotation, scaling and translation with opposingrtihugrab-
bing and rolling actions on the device.

We also demonstrate early examples of squeezabigetsi
which we call “squidgets,” that combine the infotioa
provided by pressure widgets [3], with the high réegof-
freedom of local two-sided interactions such aslloota-
tions and two-sided sliding.

Since our prototype affords two-handed interactiwascan
even support interactions that are impossible wigtdi-

tional one-sided touch input. For example, a usahm
grab a deformable object with one hand and twidteod it
with the other hand. This requires a model of thgsgral

properties of the object and is planned for futuoek.

PROTOTYPE HARDWARE AND SOFTWARE

The design goal was to provide two-sided interactiovith
pressure information. In principle this can be aehd by
an array of different sensing technologies. For prato-
type we use two iPhones placed back-to-back aatfoph
to provide multitouch capabilities both in the ft@nd the
back of the device. In order to provide pressufermation
we placed four force-sensing resistors (FSRs) laivibe
two iPhones. This offers some directionality foe thres-
sure information. The sensors are arranged intangular
pattern: One near each corner of the device.

Retaining good sensitivity of the force-sensingstess was
the main difficulty in the prototype design. We lduvari-
ous versions of this layout experimenting with was glu-
ing, plastic and elastic materials. We found thadrder to
get the full dynamic range of the force-sensingstess,

phones. A thin acrylic plate was placed and cateetiake
space for wirings and rigid support for the sensors

So far we built two iterations of the prototype.€eTfirst

prototype connected the force-sensing resistorslosig

wires to an Arduino board. The untethered secomdopr
type instead utilizes break-out connectors directn-

nected to both iPhones and a small circuit-board/icey an

Arduino Nano plus simple voltage dividers for sigoandi-

tioning of the FSRs. The Arduino Nano is poweredthmsy
iPhones through the breakout connector.

The Arduino board runs software to forward the mult
touch events via serial protocol from the backhe tront
iPhone. Additionally the Arduino inserts the pressdata
into the serial data stream at a rate of 50 Hz.

CONCLUSION

This demonstration shows a running prototype ofguee-
sensitive two-sided multi-touch mobile device setwith
this setup one can exploit the grabbing abilityopposing
thumb and fingers in ways that are akin to nataral fa-
miliar manipulations such as grabbing, which i®asgyood
way to apply pressure. Any neighborhood of an atton
point hence offers a number of degrees of freedtowiag
for a range of complex interactions being perfornhed
cally.

We plan to conduct a full study of the performané€ehis
device in a range of interaction tasks, specifyicédl com-
pare local interactions on squidgets to earliemppsal in
the literature.

REFERENCES
1. B. L. Harrison, K. P. Fishkin, A. Gujar, C. Manh and
R. Want. Squeeze me, hold me, tilt me! an explonatf
manipulative user interfaces. In Proc. of CHI 'Yf&ges
17-24, 1998.

2. C. L. Mackenzie, and T. Iberall The Grasping tHan
Amsterdam: North-Holland Publishing, 1994.

3. G. Ramos, M. Boulos, and R. Balakrishnan. Pressu
widgets. In Proc. of CHI '04, pages 487-494, 2004.

4. C. Schwesig, I. Poupyrev, and E. Mori. Gummbend-
able computer. In Proc. of CHI '04, pages 263—-20D4.

5. E.-L. Shen, S.-S. Tsai, H.-H. Chu, J. Hsu, and\C
Chen. Double-side multi-touch input for mobile dms. In
CHI'09: Work-in-Progress, April 2009.

6. M. Sugimoto and K. Hiroki. Hybridtouch: An intivie
manipulation technique for PDAs using their frondaear
surfaces. In Proc. of MobileHCI '06, pages 137-12I06.

7. D. Wigdor, C. Forlines, P. Baudisch, J. Barnyatid C.
Shen. Lucid touch: A see-through mobile devicePtoc.
of UIST '07, pages 269-278, 2007.

8. C. Xiang, A.D. Wilson, R. Balakrishnan, K. Hinek,

S.E. Hudson. ShapeTouch: Leveraging contact shape o
interactive surfaces. In Proc. of TABLETOP’08, page
139-146, 2008.

they should be coupled via elastic material betwten



