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ABSTRACT seamlessly bridge the gap between these two worlds is the key
factor for practicabpplicatons

Sketching ideas and taking notes is a basic task that is performed
frequently in the phase of preparing afuring a meeting or
presentation. For this reasoablet PCdhave been useabs a good
alternative to notebooks because they allow an ea®syuse
interface for sketching ideas. However, they are currently too
heavy and too big to be used different environmers (e.g.

In this paper, we describe a pajbased interfage which
combines the physical (real) with the digital worldvhile
interacting with reabaperprintouts, users can seamlessly work
with a digital whiteboardt the same timéJsers are able teend
data from a real paper to the digital wolb§ picking up the
content (e.g. images) from real printouts and drop it on the digital
surface. The reversedirection for transferring data from the | til11l dono6t like to use
whiteboard to the real paper is supported through printouts of theP €O P € S . .

whiteboard page that are enhanced with integrated Anoto patterns‘?jl quick notd instead, thy still prefer pencil and paper).
We present four different interaction techniques that show the
potential of tlis paper and digitalvorld combination.Moreover, ;
we describe the workflow of our system that bridges the gap
between the two worlds in detail.

Categories and Subject Descriptors
H5.2 [Information interfaces and presentation]: User Interfaces
Graphical useinterfaces.

General Terms
Design Human Factors.
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1. INTRODUCTION

Designerscommonly work in a studio plastered with sketches,
which are either pinned on a wall or placedftai surfaces. New
drafts are designed directly on the table or a whitebpbedore
creating adigital model on the computeklany wsers still prefer
real printouts angbaper to captureoughideas [8]. On the other
hand, large interactive displays are becoming increasingly
popular.Instead of replacing the current environment, we propose
an approach where we integrate traditional paper into a digital
environment. The support of information exchange between
computerand norcomputer devices seems to become more and
more important.In this context, the design of solutions that

Figure 1: Instead of using atablet PC during a flight (a), users
still prefer pencil and paper (b). Moreover, users can go to the
meeting and present their ideas to the audience either by
transferring the real ink data to the digital whiteboard or by
transferring printed information of the printout to the digital
whiteboard (c).



This is the reason whyaper still has a lot of advantages: it is Notice that lhe original SDK from Anoto just allows a single
light-weight, easy to navigate, people get a fast overview, it is connection to the PC. In contrast, our system can handle up to

easy to annotate, it i s soci adeleyBFpenslaionca.ccept ed, and it doesnbd
any power. Signer and Norrie presented a novel way of interacting with

The usageof real paper and digital informatiocombinesthe Microsoft Powerpoint 12]. The printed Powerpoint handouts are
advantgesof paperand additionallyenhanceshem through the becoming an interactive pape(PaperPoint) interface for
possibilities of the digital world. controlling the slides. PaperPoint was influenced by Palette,

presented by Nelson et al. in 1998 While PaperPoint uses
digital pens and the Anotimacking environment, Palette is based
on a scanner technology for encoding the slide information. More
paperbasedinterfaces are presented in the PhD thesis of Signer
; e ; [13]. However, all of these demonstrations are always used
Leal prl_ntout and drop theon the digitalwhiteboardas proposed isolatedi thus, he never moved thdata from one world to the
y Rekimoto [L1]. ) .
) ) other and vice versan contrast to his work, we support a
We propose a solution where the sgmeedevicecan be usefbr seamless combination of the real and digital data. While making
making notes on the real printout as walfor interacting on a  npotes on a traditional paper/notebook, people can move the
digital surfface Fr om user sd obser vaisi o8kstchel hiorMalidn itoCtife digithl WAtéboaaidd continue the
feature is of importance because switching input devices during agiscussion adding digital inRhe final results can again be stored

workflow affectsnegativelythe userSexperienceUsing only one  and printed for continuing the discussion using real printouts.
device for all interactionsguaranteg a seamlesstransition

between ral paper and digital environment.

In this paperwe present a new papkased interaction device
which enablesa seamless usage afligital pen for manipulating
real printouts and for controlling digital whiteboardUsers can
simply pick up printedtems(e.g. images, text elements) frahe

More recently, Hu | |-Based Augmkented pr e s €
) o ] ) ] Realityo, an i nt er mpydetvadditigna p e r .
The pen can balso used in combination with tangible objects that jnformation (e.g. website)n a mobile phonwhile thedevice toa

act asaremote contrdér for the digital surface. We describe three  reg) printoutfocusing on a printed websiliak. The advantage of

different variationsof this idea in form of a acrylic palettewith their system is that they do not use +téale OCR for capturing
embedded Anoto patteran enhanced ID carcand active areas  the text; instead thegre matching bounding boxes of the blurred
located at the bottom of a printout. text captured by the mobile phone with the bounding boxes stored
2. RELATED WORK in a huge databagé].

Paperbased interfaces are becomiimcreasingly popular. In Our approach isnfluenced by two different research works:
1993, Johnson et al. already presented a new technology, calledirstly, by Gu i mb r et i ‘whoepfesented @ sylstem where
XAX, for bridging the paper and the electronic world.[The real notes are seamlessly transformed to the digital world, and

system wasbuilt on a penbased interface and demonstrates a vice versa4]. In his system, users create digital documents and
great frameworkFor tracking pen input, XAX used Dataglyphs manipulate them either on a computer or on the paper using
[5], a patterrof forward and backward slashes representing onesAn ot o 6 s tUsershhave ftoorgke .their comments on the
and zeroesWe |l | ner 6 s [D4 was torel oD the Krst real printoutsi once finishedthey can transfer the data toeth
interactive tables that combined both real and virtual paper into acomputer over a USBased docking statiorBecondly, we got
single workspace environment. Wellner used computer visioni nf | uenced b y-anBRrdpimetaphoo, dvisere Rsers k
technology to track user input. seamlesslytransferred digital data from one device to the other
[11]. In contrast to his work, we postulate not to use tablet PCs or

Graphics tablets andipboardsfor capturing the writing on the PDASs, but to use real printouts and real notebooks.

paper notbook are also becoming more and more popular.
Mackay et al. propose a tablet prototype designed for biologists toOur work is influenced by the previous work, but it is different in
write on real printouts, while the system automatically also createsa nunber of important ways. @ system benefits from the
an indexed and searchablelore digital version 9]. The real ink following features:

was captured by the graphics tablet underneath the printout. e Seamless combination of both real and virtual data

An increasing number of researchers amerking with digital combined with augmented contgim contrast to related
pens from Anoth The PapierCraft applicatioflom Liao et al. work, we allowa seamless switch between the digital
demonstrates an innovative combination of real and digital and real data. Users catart with a sketch on a real
content using printouts and the Anoto pe). [Similarly, the paper, another person can add further annotations on the
ButterflyNet project shows system that integrates paper notes digital whiteboard, and in parallel the first person can
with information captured in the field§]. They implemented the continue the sketch on the real printout. Thus, we
transfer of data over a docking station, which is connesféd support a simultaneous, multser interaction in both
the PC over USB.In contrast, ar implementation allows the real and digital world,

streaning data from the pen to the PC over Bluetooth (BT). e Users can simply dragnddrop data from the real
Although the Anoto technology has been available for more than printout and move it to the digital envinment (e.g.
six years,only in the last year it became possible to use a digital whiteboard); thus, we also use the same- pen
Bluetooth connection to retrieve the pen data in-ties. With a based interface for interacting with the digital
special streaming paper, the pens can send the data (position, whiteboard,

time, pressure value, state) to the PC \itrefresh rate dd0Hz.
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e For both wortls, users can use the same input device, a content and can be transferred withteging quality since we
digital pen with an embedded famera, transfer the ravdata. In our scenario, users have to click wlih

e Our system allows a high degree of accuraggh pen on the corresponding data of the real printout. By using the
approximately 67@lpi. The accuracy is independent of digital pen, we can calculate the exact position and we can
the shape and size (this feature is important for the identify the according itemThe data gets transferredhen
digital whiteboad), clicking again on the digital whiteboa(seeFigure3).

e And finally the setupis relatively inexpensive to be
manufacturedOne pen costs around 200 USD and the
printoutonly has to be printed on a paper or foil.

3. PAPER-BASED INTERACTION

We combine traditional input devices, such as &graper, with a
digital environment Designers can create imagery and notes on
their real notebooksmake printouts witHegacy software (e.g.
Powerpoint, Excel, Firefox, et¢.)and move them to the
interactive wall for furthediscussionThe pen can be thier used

as inking or pointing device that allows selections on the paper
documentand data manipulations on the digital whiteboafa
change the mode for the pen, we integrated special control_. . (@) . () .
elements at the bottoof each page (sdégure?2). By clicking on Figure 3: psers can p'Ck up content from the real printout(a)
them, the pen can change its mode or selected data can be sent %d drop it on the digital surface(b).

the whiteboardln addition, we offer some options for defining

the ink syle including colors and stroke widthBlotice that by S . o .
changing the color or stroke width, only the digital ink will be the digital whiteboard by clicking on the send button which is

changed accordinglyut the real ink still has the same color or ¢ated at the bottom control panel on the pgpeeFigure?). In
width. this case, usedo not have to stand up and walk to the whiteboard

to drop the selected dathut can accomplish this frortheir

remote location.

Summarizing, sers can select objectsy changing the
mode from inking to selectinglefine the corresponding part of

the pageand finally move it to theligital whiteboard by directly

dropping the selection witthe pen or sending through tlisend

controb printedat the bottom oéachpage.

3.2 Remote Control

Influenced by the ideas of PaperPoih®][ the real printoutcan
also be used as an alternatimput device where all sketched
notes are sent to the digital whiteboard in-téak over BT.

Alternatively, selections on the real paper docuncantbe setrto

Figure 2: Special control elements gnted at the bottom of the
page can be used for further interaction.

The control elements at the bottom of the page are customizable
by our software and allow the integration of further interaction

possibilities.
Combining the real paper with control elements and the
connection to the digital whiteboard offers a variety of interesting (a) (b)

options. Our approach is characterized by the following
interaction techniques

e  Pick-andDrop,

¢ Remote Contrgl

e  SketchandSend, and

[ ]

PreserdandInteract. . . I (©) . . .
. Figure 4: Different possibilities for the additional interaction.
3.1 Plck-and-Drop We either support a unique palette (a) or special IDcards

Similar to RandkDromaretapd® witR imotkile  where the additional functions are printed on the backside of

devices 11], users can pick up dafeom a printeddocument and  each card (b). Alternatively, we also tested the same functions
dropit on the interactive surfac¢he digital whiteboardOnce in by placing the control elements on the bottom of each printout

selection mode, aeh item of the printout becomes a selectable (c).



