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ABSTRACT screen through touch.

Exchanging data between a mobile phone aodnaputersuch as Although touch & connectandtouch & selectcan be used for

a laptop is still a very cumbersome process. This paper presentinteraction with any kind of display, this paper focuses on the
two different techniquestouch & connectand touch & select usage of a laptop, as such a device was used for the
designed help to overcome this problem and facilitate and speedmplementation of the prototype.

up spontaneous interactions between such devices. tdsinlg &
connect the user can physically touctcamputerin order to pair

a Bluetooth connection and irite a file transfer between these
two devicesTouch & selecextends this concept in that users can
:%epcl; atosupcﬁqcilrzg ?tbj\?vti:tthOihlgciilc?gilgnpfoeni elpuilevrjcrrzf)grtb%he touch the laptop in order to start the transmisskigurelb and
implementation of these interacticechniques based on Near Figurelc). The file is then c9p|ed to the Iaptdflg(u-reld). o
Field Communication (NFC) tags and present a formal, The user can download a file to the phone by first selecting it on
comparative study focusing on transferring images. The resultsthe laptop via the touchpadFrigurele), and then touching the

Figurel illustrates howtouch & connecsupports copying a file
(marked by an AX0) from a mobile
versa. When uploading a file from the phone to theofapthe
user simply has to select the file on the phdrigyrela) and to

provide clear evidence of the advantagesoath & connectand laptop with a mobile phond~{gure1f and Figurelg) in order to
touch & selectwhen compared with current Bluetodthsed  copy the file ond the mobile phoneFgurelh).

implementations. Considering task completion time for uploading ~ g,
and downloading picturespuch & selectwas 43% andouch & {
connect 31% faster than the conventional Bluetcbtdsed

approach. i ?‘?-"
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1. INTRODUCTION

Mobile phones are increasingly used for storing images, videos,
documents and Personal Information Management (PIM) data
[14]. Furthermore, there is often the need to copy thesefifides

the mobile phone to a computer or vice versa. This is typically a
very cumbersome process because the user has to: first find th
right file, then select the method for transferring the file (e.g. Figure2 illustrates howtouch & selectan extension ofouch &
Bluetooth), then perform a device discovery proc#ssn select connect can be used to transfer files between a mobile phone and
the target device. And after receiving the file on the other device, @ laptop. When uploading a file to the laptop, the user has to first
the user has to decide what to do with it. select it on the mobile phon€&igure2a), then the mobile phone
can be used to touch a location on the laptop screen in order to
copy it to this placeRigure2b-d).

Figure 1. Touch & connectinteraction technique

In touch & connectthe user does not have to define the method
for transferring the fe, does not have to wait for the end of the
device discovery procesand does not have to select the target
device. All this information is gathered when touching the laptop
(\évith the mobile phone.

This paper presents two new interaction techniquesuch &
connectand touch & select These simplify the transfer process
dramatcally by reducing the number of steps for copying a file. The user can download a file to the phone by tmgrthe display
More importantly,touch & selecallows the mobile phone to act  of the laptop with the mobile phone on the position at which the
as a smart stylus; it can directly interact with a laptop or PC file is displayed Figure2e-g).

Touch & selecprovides all the advantagestofich & connecbut
Copyright is held by the author/owner(s). additionally allows the idect interaction with objects, files and

Mobile H C |, Gép@mber 1518, 2009, Bonn, Germany. folders on the Iapt_op screen; this is achieved by simply touching
ACM 978-1-60558281-8. them with the mobile phone.



There have been many research projects and pothausing on

the usage of mobile devices for interactions with objects, devices,
displays and locations in the last years (g8 for a

- corresponding overview).

Fitzmaurice was one of the first who discussed a systemrizotdi
mobile interaction with a displajZ] where one could get more
information about a specific area on a map by pointing at it with a
mobile deviceUsing the Hermes Photo Display, a person can use
a mobile phone to interaatith a publicdisplay to upload, manage
and view picture$s].

The concept of touching an object with a mobile device has been
widely investigated in the last years. Most implementations are
based on RFID/NFC technology. Wantad were among the first

who connected an RFID reader to a mobile device and equipped
objects in the environment with RFID taf@5]. They augmented
objects such as books, documents or business cards with tags and

The paper is organized as follows; the next section relates ourthrough toehing these objects with the mobile phone, the user
work to existing approaches and focuses on ways to use a mobiléould, for example, order the corresponding book or dial the
phone for interactions with other devices. Following this, we humber mentioned on the business card.
report the implementation ebuch & connecaindtouch & select  Reilly et al. developed a system in which they augmented a paper
using Near Field CommunicatiofNFC) technology.We then  map with a mesh of RFID ta§g1]. Through this, it was possible
discuss a emparative study in which the two new interaction to touch any position on the map in order to select a point of
techniques were compared with the currently used Bluetooth interest. Thetouch & interact system, presented by Hardy and
based approach in order to analyze and compare: task completioRukzio, used the same approach using a projection instead of
time, error rate, usability satisfaction, task load and user paper mag8]. With this approach, it was now possible to change
preferences. This stydocuses on exchanging pictures between a the information shown on the projection according to the
mobile phone and a laptop as thisoise ofthe most common interaction of the user. When a user touched the display at a
cass for transferring files between these two devices. Finally, the certain position, both the projection amibbile phone display
paper discusses our findings and provides an outlook on futurechanged accordingly. Theouch & selectinteraction technique
work. presented in this paper is very similar except that a laptop display
is used to overcome several disadvantages of using a projection
2. RELATED WORK based systemThe most important disadwtage oftouch &

Mobile devices are often used for taking pictures, recording interactis the occlusion of the projection when the user touches
videos, storing files, or receiving MMS. In order to backup, email the screen with the mobile phone.

and view these files, these need to be transferred to laptops olr3 id thased h h ist di R
PCs. Bluetooth has now replaced cabled connectidogever, eside touctbased approaches, there exist direct poirtiage

this requires either the standard Bluetooth support of the operatin |

ql\r;teraction techniques that could be used to control aocur
system (running on the PC or laptop) or special applications like Vid9et Or object on a remote screen. The Point & SfZjoand
the Nokia PC Suite. Unfortunately, pairing devices and

SpotCode [16] systems are examples for this. These were
transferring data using Bluetooth requires a relativelyge

implemented using markers shown on a remote display which
number of steps, and the two devices interact with each other in &VeTe intérpretedy the mobile phone in order to calculate the
very technical way that is transparent to the user.

Figure 2. Touch & selectinteraction technique

change of distance or orientation to the display. ThBIiGk
system used the opposite approach. Here, the mobile phone acted
The IrDA interface follows more closely the paradigm of bringing a5 the marker through the emission of visual patterns tracked by a
two objects close to each other in order to establish a connectioncgmera mountednothe display[18]. An approach which works
However, the connection can be unstable and the data rates argjthout the need for any markers is Shoot & Copy using pattern
low. matching in order to compare the content of the screen with a
A much more promising technology is Near Field Communication picture taken by the mobile phone camf@ia

(NFC) which is based on RFID and is already supported by somea |arge set of research prototypase amobile device as an
commercially available mobile phones (e.g. Nokia 3220, 6181 an jndirect remote control. An example for this is the usage of a
6212. It is expected that many mobile phones will support NFC paimpilot touchpad in the Pebbles proja&]. On the other hand

in the future[1] and it is predicted that several hundred million  sijlverberg et al. malyzed the usage of a joystick (integrated in

NFC equipped mobile phones will be used in 2013]. Such many mobile phones) as a pointing device for interaction with a
phonescould be used with our implementationtofich & select remote display24].

The touch & connectinteraction technique has already been
described by ECMA International in 200&], the basic principle
is since 2007 also part of the Bluetooth 2thndard and

Rukzio et al.[23] give an indepth comparison of several
interadion methods. Although they concentrate on general object
implementations have been shown receft], [20], but so far jselectioin tasks, they also point out the advantages of -toagdd

no evaluation has been conducted which proves the envisionedteractions, e.g. using NFC technology.

advantages. Both PickandDrop from Rekimoto[22] andthe two interaction
techniques presented in this papkare the concept of interaction



between a mobile device amddisplay However, PickandDrop
requires an additional pen which is used as the interaction device
whereas our approach eliminates the use of a pen as ddtes .
touch each other directlifhe conceptual model of PicindDrop S 103.ipg
is that the user picks an object with the pen by clicking on it, the 13_07_08 S
object is stored on the pen, and touching another display with the %104.1'99

pen then drops the object.

Further relatedo the touch & selectesearch area is the usage of m?::::: .
interactive surfaces like Microsoft Surfa§g7] which supports

interaction with mobile devicedt is possible to put a mobile

device such amobile phone,digital camera or PDAon a Figure 3. Photo browsing application on

Microsoft Surface and drag & drop photos in order to copy them mobile phone (left) and laptop (right)

to or from the mobile devi_ce. The _differgence between Microsoft |, ine subsequent sections, the usage hef three different
Surface; anqbuph & selecn§ that Wllth Mlcrpsoﬂ Surfaces, the implemented interaction techniqusgndard Bluetoothtouch &

user primarily interacts .Wlth the interactive surface, ahd t .~ nnecmndtouch & selecwill be discussed.

mobile phone acts primarily as a data containetolich & select

the mobile phone is the primary interaction device and both 3.1 Standard Bluetooth

displays (mobile phone and dynamic screen) are used in parallel. To upload a picture, the user selects a picture on the phone and
This paper is the first to report on an interaction teahmif selectssgndin options anq Via Bluetooth (Figu.re4 left). The
which a mobile phone can be used to touch a LCD/TFT/PlasmaPhone will search for available Bluetooth devices and present a
screen at any position in order to perform a selectionch & corresponding listRigure4 middle). After selecting the laptop,
selecJ. A second contribution of this paper is the formal (he imaje is copied and displayed in the picture browsing
evaluation of theouch & connecand thetouch & selecsysterns. application Figure4 right).
The prototypes and user study discussed in the following show fﬂ‘l“ i o
advantages of the two interaction techniques when compared tofSEE—_—_G:G I

the typical usage of Bluetooth today. via Infrared

3. PROTOTYPES

This section discusses the implementatiotoath & connecand

touch & select For these interactions, we focused on the
implementation of a photo exchanging and browsing application
as we see this scenario as the most common for connecting & & |
mobile phone with a computer. I

These prototypes and an additional prototype caditethdard Figure 4. Uploading a picture from the phone to the laptop
Bluetooth (which is almost identical to current Bluetodihsed with standard Bluetooth

solutions) were developed in order to compare task completion
time and usability of these three interaction techniques in a
corresponding user study.
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pload Progress
Uploading picture....

‘Scanning for

Bluetooth devices

uploaded...

In order b download an imaget is selected using the mouse in

the picture browsing application on the laptopnti$end Taand
Bluetooth deviceare selected Figure 5 left) and the laptop

All three prototypes provided functionsrfuploading (from the searches for available B#tooth devices. A corresponding list is
mobile phone to the laptop) and downloading (from the laptop to presented and once a device is selected, the image is copied to the
the mobile phone) pictures. mobile phoneRigure5 right).

We developed two photo browsing applicatiofég(re3), one

for the mobile phon@nd one dér the laptop. We developed these
two rather than adapt existing applications (e.g. Google Picasa or
iPhoto) to support the new interaction techniguesh & connect Y 4
andtouch & selectThis allowed us to keep a consistent interface i 4 Bluetootn device ||

on the mobile phone dnon the laptodor all three interaction & P
techniques. This was required in order to conduct a controlled d Creat Shortcut_|

userstudy. Moreover, it was then simple to add logging features e
to our own applications through which it was easily possible to ¢

control the user studgnd to automatically gather information like =

task completion time. Figure 5. Downloading a picture fromthe laptop to the phone

The mobile phone photo browser application was designed to look with standard Bluetooth

very much like the standard photo browser of the Nokia 6131 3.2 Touch & Connect

NFC phone (which was used in the study). In both applications, . - .

the user was able to browse through the available pictures usinqA yellow stlckynote_ was useth indicate the location of the NFC
- . fag so that the participants knew where to touch

the directional keys (phone and laptop) or the mouse (laptop) in ) ) _

order to enlarge pictures and to select pictures in order to seelo upload a picture, the user first selects a picture on the phone,

available options. then tioosesupload The mobilephone informs the useFigure6

left) to touch the yellow tag on the laptop in order to upload the



image Figure6 middle). The prture is then copied and displayed
on the laptopKigure6 right).
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Figure 9. Downloading a picture from the phone to the laptop
with touch & select

|Previous ‘ ‘Cancel| | Next

Figure 6. Uploading a picture from the phone to the laptop 4. IMPLEMENTATION

with touch & connect A MacBook laptop and a Nokia 6131 NFC phone were used for
In order to downloadhn imageit is selected using the mouse in  the implementation of the prototypes. The picture browsing

the picture browsing application on the laptopntsend Taand applicationgand the logging functionalities for the study were
Mobile phone via yellow tagre selectedrigure? left). The user developed in Java SE for the laptop and Java ME for the mobile
can then touch the yellow tamn the laptop Rigure 7 middle) to phone. The implementations specific to each interaction technique

copy the image to the phonEigure7 right). will now be discussed.
N ] ‘

Images on Phone

4.1 Standard Bluetooth

4 This prototype simulates the tyjail method that is currently used
1103.pg with most operating systems and mobile phones to transmit

“13_07_08 e images via Bluetooth. Java SE and the Bluecove Ilibrary
104.jpg (http://code.google.com/p/bluecoyatere used to implement the
P v | communication on the laptop. On the phonejaJ®E and the

downloaded.. Java APIs for Bluetooth (JSR 82) were used. Bluecove and JSR

82 were also used for the following two interaction techniques.

4.2 Touch & Connect

Figure 7. Downloading a picture from the ptone to the laptop For touch & connecta NearField Communication tag from
with touch & connect toptunniste.fi (Trikker BT43) was attacheulthe laptop as shown

in Figure6 or 7 (middle) andrigure10 (left).
3.3 Touch & Select

To upload a picture, the user first selects a picture on the phone
and choosespload The mobile phonéhen informs the user that

an empty square on the display can be touched in order to upload
the image Figure8 left). When a user touches the displ&jgre

8 middle), the corresponding picture is uploaded and shown on

the screen of the laptopi@ure8 right).

& Open
o Print
= SendTo phone via yellow tag
z,‘ Desktop
Copy My Documents

® Create Shortcut
|
| Delete

Rename

Properties

Figure 10. Implementation of touch & connect

This tag stoed the Bluetooth MAC address of the corresponding
laptop through which it was possible to establish a spontaneous
connection without the need for a device discovery process. The
two devices communicated with each other over this Bluetooth
link to exchangehe picturesFigurel0right).

Figure 8. Uploading a picture from the phone to the laptop 4.3 Touch & Select

with touch & select For touch& select the back of théaptop display was augmented
with a mesh of 7 x 4 NFC tags (Trikker BT43) as showRigure
11 (left). Each tag stored its locatiofigure 11 middle) and the
Bluetooth MAC address of the laptop. When touching the front of
the laptop displayRigure11right), the NFC phone is able to read
the stored information almost instantly. It then connects with the
laptop using the Bluetooth MAC address (stored in every NFC
tag) and submits the coordinates of the tag, e.g. (2,2)heo t
laptop. Once a connection is set up, the picture browsing

In order to download an imagéhe userswitchesto download
mode on the mobile phon€&iQure 9 left) and selects the picture
on the laptop by touching it with the mobile phort&g(re 9
middle). The picture ishen copied to the mobile phorgidure9
right) and displayed there.


















