Stitching: Pen Gestures that Span Multiple Displays
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ABSTRACT

Sttching 1= a new mterachon techmique that allows userz to
combme pen-operated mobile devices wath wireless networkane
by uzing pen gestures that span multple dizplays. To stitch, a usar
starts moving the pen on one screen, crosses over the bezel and
fimizhes the stroke on the screen of a nearby device. Properties of
sach porton of the pen stroke are observed by the parhcipatine
devices, synchromized v1a wareless network comrmmicahon, and
recogmzed as a umtary act parformed by one user, thus binding
tosether the devices. Wa identify the general requramentz of
shtching and deseribe 2 protofype photo shanng application that
uses stitching to allow users to copy mmases from one fablst to
another that 1= nearby, expand an 1mage across multiple screens,
sstablish a persistent shared workspace, or use one tablet to
prasent mnases that 2 user zelects from another tablet. Wa alzo
discuss design issues that anse from proxesmcs, that 1=, the
sociological implications of users collaborating mn close quarters.

Categories and Subject Descriptors
H 32 [Information Interface:z and Prezentation]: Input Devices
and Stratezmies, Interaction Stylas

General Terms
Huran Factors, Desien

Kevwords
pen computme, mobile dewvices, co-located collaboration,
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1. INTRODUCTION

With warelsszly networked mobile devices rapidhy becomuns
ubigqurtous, 1t 1= increasimehy important to find effective methods
for dymamacally binding together mohle devices m support of
sharing information, collaborating and commmicating wath other
persons, or performune complex tasks volving large documents
and multiple sources of mformzhon The spomtaneous device
sharing problem poses the followins question: how can a user
dynanucally forse a porposefil connection betoeen towo or more
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target devices that do not a priori know one another’s network
addresz7 This 1z not only a significant research problem for syztam
mplementahion, nterachon demign, and social and behavioral
obzerztion, but also 15 becoming a problem wath a pressing need
for practical solubions.

Researchers have recently dizcovered a new class of techmgues
that uwze symchronous wuser actions (kmownm a= Dymchromnous
gesturss) to address the spontanecus device shanns problem
without forcing the user to mamally enter network addresses.
Examples of these techmigues mclude holdmsg towo devices
together and shalonz them [13], bumpms a2 par of devices
together [12], or simultanecusly pressing a button on each device
[19]. However, the design space of synchronous gestures 15 shll
not well understood and neads firther explorathion.

Figure 1. Here, a uzer gives zome photos to another uzer by
stitching from the top tablet to the bottom tablet.

Hare we contnbute stirching, a new type of synchronous gesture
that use: commonplace pen mput capabilihies to estzblish and
manzse serendipitous connechions between pen-operated mohbile
devices. A stifching gesture 15 2 pen gesture that spans multiple
dizplays, consisting of a conhmous pen mobion that starts on one
devce, skips over the besel of the screen. and ends on the screen
of another device (Fig. 1). We show how stitching sarves as the
basizs for a flexable commechion architecture that can be



mmplemented on a vanety of pen-operated devices. To explore the
pragmatics of sthitching, we 1mplement a prototype photo sharnne
application for the Tablet PC that supports operahions such as
copyins mmages from one fablet to anocther that 15 nearby,
sstablishineg a persistent shared workspace for collaboration,
expanding an 1mage across mualtiple seresns, or using one tablet to
display a shdeshow of 1mages that a user selects from ancther
tablst. Prelmmmnary usability testmz susgests that users can eazily
maks pen gasfures that span displays, and find 1t compellmg to
have a straightforward means to parform cross-device operations.

In addition to the new techmique of shitching, more generally we

contnbufe s regquirements for the spontanscous device shanng

problem. phrazed as desien questions:

*  (Commection: How 15 a connechion established”

*  Command: What tvpe of connection 1z required”

*  Dperands: What mformation 15 shared?

*  Geometry: What 15 the spahal relahonship batween devices?

*  (Coexstence: How do commechon gestures coesast wath
traditional interactions or maturally occurmng user behaors?

*  Proxemics: How do users share physical space”

The lterature presemtly lacks such a discuzzion of gemeral

requremnents. In thiz senss our research represzsnts a framework

that considers cross-device operations m general, mecluding the

systemy, mteraction, and social 1zzues that ansa.

2. RELATED WORK

Our work 15 the first to address all six reqmrements hstad above.
Several previous svstems foster collaborahion between ubiquitous
devices, but require special hardware such as overhead cameras,
visual identification tagz, or radio-frequency identification (RFILY)
tags on each device [15.20.27 28]. Some systems have focused on
new ways to use devices together, but may require mammal
configuration and calibrabon, mcluding mamal entrv of network
addraszes [17] and the seometry of dizplays [14.26].

Some existing standards are relevant to the spontamecus device
sharing problem. Bloetooth (wune bluetooth org) supports davice
discovery, but offars no way to distinsuish a target devace from
other devices withim radio ranze: the user must search through a
potentially lone hst of devices to find 2 symbolic name Infrared
Data Association (DA wwwairdacrg) allows data tramsfer
between two devices. However, IflDA raquires that denices remain
shll durnz comrmmucaton, and provides no fleabahity m the
relatrve position and onenfation of the devices.

2.1 Synchronous Gestures

Synchronous gestures are distnbuted patterms of user activity that
occur together n time, or 1 a specific saquence 1 time [12]. The
hterature currently describes three examples of mymchronous
gestures: bumping [12], Smart-Its Fnends [13] and SyncTap [19].
Bumping devices together can be sensed and used to create a
shared dizplay that zpans two or more devices [12]. Smart-Its
Friends and SyncTap recosmize when a gesture occurs on two
devices at the same tme. Smart-Its Fniends mfers a connection
when two devices are held togsther and shaken If a “fend”
device previcushy identified m this manner comes within range of
another device's low-power radio, the device beeps, thus creating
awareness of other nearby usars. No other features are supported.

With SvneTap, a usar can simmltaneously press “Sync” buttons on
two separate devices to connect them. SyncTap’s mamn strensth 15
that it offars a lowest common denomnator solotion, since nearly
all mobile devnces could melude a smitable Syne button. Howerver,
actually domg amyvthine wath the connection reguires additional
steps. For example, to establish cursor mugration between a laptop
and a desktop PC, the user nmst first parform a SyneTap gesture,
and then swatch to the mouse on the desktop computer to indicate
the edze of the screen that should be lmked fo the other devce.
Stitching can =support smular types of operations 1n a single flnd
pen-based command phrase [4], without multple steps that
require swatching devices. Symelap also discusses the nead to
avoid collisiors of mmlhple overlappine Swne achions; if a
colhzion occcurs, the user rmmst repeat the gesture. This 1= a less
ertical 1zsue for stitching since stifches can only collide if they
exhibit the same timing and the same zeomeinical proparhies.

2.2 Pick and Drop

Pick and Drop [18] allows users to pick (copy) an tem from one
screen and drop (paste) it onto the screenm of amother nearby
device. Shtching makes sizmificant contributions to the hteratura
beyond Pick and Drop, primanly by recognizing the requrements
for a versatile mteraction paradizm for combmine mmltiple mobile
devvices. Ohr ressarch 1dantifies general dezizm requrements of the
spontanecus device sharing problem and  illustrates  how
dizinbuted pen mput represents a nch dezien space that provides
some elegant solutions addreszing these requirements. Sttching
provides users rmltiple ways to copy or move mformaton
between devices, lnk the displays of devaces, and to othermnze use
devices together. Stitching uses the geometrical information from
the pen to automatcally detemune the spahal relahonship
between a par of devices. This automatic calibrahon techmique
has not been previously implemeanted or reported m the lterature.
Ohr research 15 also the first to recogmize that proxemucs (how
users zhare phyzical space) mav vield crifical design msizhts for
the spontanecus device sharme problem.

stitching also differs from Pick and Drop m 1= techmical
requirements. Pick and Drop requirez a pen with an embedded
umque 1D, whereas shtching uses oaly a zenes of tme-stamped
pen events fo mfer a commechon This 1= 2 subtle techmeal
difference but haz fremendous practical mmpheations: to our
knowledee, there are mo mobile devaces available that suppert the
pen ID feature required for Pick and Drop, whereas Sttching
gestures can be supported between any pen-bazad mobile devices
with compahble pen technolomes, as summanzad m Fiz. 2. This
technical difference may become less mmportant if a pen ID
capability becomes commonplace on fiture mobile devices.
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Fizure 1. Summary of pen technologies uzed by Tablets and
PDA'z, and the immpheationz for stitchme,




2.3 Proxemics and Social Issues

Proxeniics 15 the study of how people use the mmnsible bubble of
space that surrounds an mdradual [2.11,23].. Seciclozst E. T.
Hazll [11] distimgmishes two distances withm arm’s reach, mtmate
and personal, with social and pobhc distances beyvond that. MNo
amgle distance between persons 15 “best” m all situations. Factors
such as how well the persons know one another, the gender of
sach person, and what the persons are frying to accomplizh can all
mfluence selection of a sorial distance that feels comfortable to
both persons [2.24]. It 1= offen assumed that users prefar face-to-
face mnteraction. but proxerics research suggests that people’s
choiea of relative bodv onentation mfluences commmmeation
patterns and changes with the task at hand [7,11.21.24].

Although co-located collaboration prqolves users working m close
phyeical prowmaty, this lhterature rarely menhons proxsmucs.
Scott proposes temtory-based techmaues for tabletop mteraction
[22.23). Eodden et al. [11] dizcuss social 1ssues surrounding faca-
to-face comsultations, but do not reference the sociological
hterature. Thus, we believe our discussion of proxermcs 13 a
contnbution to co-located collaboration mn general, 2= well as to
the more specific problem of spontaneous davice shanne.

3. THE REQUIREMENTS OF STITCHING

Sttching represent: anm explicit user command to combine the

resources of mulhple computers. We wanted shtchmg to provide a

flexable and potentally extensible fambity that would support 2

mumber of different wayz of combimmg devices, rather than

auppcurhng only a single operafion or a very limmtad zat of ophions,
as m previous systems (e.g. [13,18,28]). To achieve this, stitching
addraszes the following central desizn questions:

*  Connection: How 1= a connection established? A user must
name the devices that are mvolved m a2 nmlbh-machime
operation, and the system needs to provide feedback to the
user(s) of those devices that a commection has been
establizhed.

* Command: What fype of connection 1= requirad? The usar
needs to be able to choose amons zeveral possible wayvs to
combine the devices. Dioes the user want to copy a file from
one device to another? Estabhish a persistent shared
workspace for collaboration” Expand an mmage across
mmltiple screens” These all represent muwdti-device commands
that transcend the bamers between devices.

*  Dperands: What mformafion 1= shared? Aulh-device
commands may require operands, such as which file to copy
to another computer. Uszers need machanizme to selact one or
more objects a= part of a shtching gesture.

* Geometry: What 1z the spahal relatonship betwesn the
devices? Several previous systems support features, such as
cursor mugration or combming the screens of two devices,
that require kmowledee of where one display 1= relatme to
another [14.20]. Sttching uses the mformation prm‘:ded by
the pen to mfer the spatial relahionship between devices. This
aleo allows us to provide sraphical feedback for multi-devic
operations that appears to span devices, as zsen m Fig 1.

*  Coexiztence: How do comnechon geshures coesast with
traditional mterachions or naturally occurnng user behainors?
In the case of shichimg, connechon gestures mst coemst
with existing uses for the pen mcluoding widget interactions,
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mking, character enfry, and naturzlly occurmng human-
human commmmeative gestures (such as wavmg the pen near
the device while discussing the contants of the screan).

*  Proxemics: How do users share phyzical space” Proxammcs
sugeests that the amrangement of spaces can mfluence
conpnomication; as Hall wmotes, “what 1= deswrable 1s
flaxabality... so that there 13 2 vanety of zpaces, and peopls
can be mmolved or not, as the occasion and mood demand™
([11], p 110). Interachon techmiques that form mmpromptu
azsociations between mohile devices should likewnze support
the range from users who know sach other well and want to
work closaly together, to users who are strangers and may
want fo exchange files while mamtainmng soc1al distance.

4. THE MECHANICS OF STITCHING

The above design questions sugzgest that shitching represeniz a
new class of mteraction techmiques that could be 1mplemented 1 a
vanety of wayvs. We now discuss the general concept of sttching
m referance to a proof-of-concept photo shamnsz application,
called Stitchhaster, which we mplementad for the Tablet PC.
With dimital photosraphy becormng widespread, sharing photos
with others 1z a task of interest to many persons. Also, many of the
semantics that we wanted fo explore with stitchme, zuch as
expanding an 1magze across mulbple screens or copymg objects
from one screen to another, represent ussful and compellng
operations for digifal photographs. To bezin, each user launches
stitchhfaster on hiz owm tablet, whach dizplays that user's photo
collection as a sat of thumbnail images.

4.1 Establishing a Connection

th stitching, a user names the devices fo commect simply by
moving the pen across them. Since there 13 a natural order mmplied
by the gesturs, shtchms also establishes which machine 15 the
sender of imformation. and which machine 15 the recerver. Some
comnection techmiques are inherantly bidirectional [13,19,28] and
do not naturally provide this information.

In order to recognize a pen gesture that spans displays, a set of co-
located mobile devices need to synchronize pen events (consishing
of absolute pen (x¥) location on the screen, whether or not the
stvluz 1z m range of the screen, and 2 timestamp) with one
another. There are a vanety of well-understood techmical maans
for devnces to discover one another, so our research focuses on the
user irferaction reguired o form a pwposghul comnection
betwesn two (ov poszibly move) specific targst devices, and not
the system detmls of how backsround commmmicahon occurs
between a szet of co-located candidate devices. For example,
Synclap [19] smply multhicasts botton press trmne iformaton
to all other devices on the same subnet We could altematrvely
uze a dizcovery mechanizm such as that meluded m Bluetooth, or
the Infentional Maming System [1]. We are also mveshizating the
uze of wareless _-'.I.EEI.E.] shrengths as a way to restnct
svachromzahion commumications to other nearby devices [3.12].

In cur current prototype system, sach participating device sends
its pen events to a stitching server, which typically 1= hostad on
one of the mobile devices (1t may altermatively be hosted m the
emaronmeant to offload computahon from the mohile devices).
The stitching sarver synchromzes time befween the devices [9,12]
and locks for matching pen traces; when a match 15 found, the
servar sends a stitching event that informs the towo devices of each



