Enhancing UML Sketch Tools with Digital Pens and Paper
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Figure 1. Left: A pagewith a sketched diagram. Boxes printed at the bottom can be used to assign UML diagram types to the drawn content.
Right: A Paper-palette with UML diagram elements. Elements can be picked up with the pen and placed on a tabletop display.

Abstract are not always available, the devices are not as flexible as paper,
need power supply and have to start up which takes time and pre-
Drawing diagrams is one of the most important activities during Vvents spontaneous sketching. To overcome these problems, we pro-
software development processes. A multitude of sketch-based di-pose the usage of digital pens and paper in combination with digital
agram tools were developed to enhance sketching with digital fea- Sketch-based diagram tools. With this technology, users can work
tures. However, these applications are not as flexible as paper andike with common paper, as the pens can be used in single and multi
often obstruct spontaneous sketching. To overcome these draw-user settings, with the advantages of digital features available at the
backs we suggest the usage of digital pens and paper in conjunctiorsame time. Moreover, it is possible to realize a seamless transition
with sketch-based UML diagram tools. This paper deals with work of sketched diagrams from the paper to interactive surfaces in real
in progress concerning the seamless integration of paper-based antime or by subsequent transmission.
digital UML-sketching. Amongst others, this includes special UML
sketch books and paper palettes used in combination with tabletops.2 Related Work

CR Categories: D.2.2 [Software Engineering]: Design Tools and - gyetch-based diagram applications such as [Damm et al. 2000],
Techniques—Computer-aided software engineering H.5.2 [Infor- (yammond and Davis 2002] or [Chen et al. 2003] were developed
mation interfaces and presentation]: User Interfaces—Input devices;q support software development processes. They use devides suc
and strategies; as Tablet PCs or electronic whiteboards and convert sketches in for-
mal UML diagrams. As stated in the introduction, they still lack the

Keywords: UML, sketching, Anoto, software design flexibility of common paper. However, there are systems like [Yeh
et al. 2007] or [Brandl et al. 2008] which try to integrate paper-
1 Introduction based and digital interaction. They support the development of in-

teractive paper applications through authoring and publishing func-

Especially in early phases of the software design process diagramst'onam'es' In particular, they realize the assignment of services to

! certain areas of the paper which can be invoked by tapping with
are sketched l?yt hr?rgd m(cj)s(;l_y on patpeT or whltgboalrds. dl? the last he pen and techniques to transfer drawn content to digital devices.
%/heéisr: gztztii?/%{izs?nca-diaistgl W;a%;am [(é)h?ar\:v:tr ZI %(e)g?]?em Oef]lé[:glor hough a multitude of applications were developed with these sys-
they try to combine thg advan)t,a egs 'of en sketc.hin With thg ones (’)ftems, to our knowledge digital pens and paper were neither applied

ylry 9 p ning to diagram drawing in general nor to UML in particular.
the digital world. So they offer features such as infinite workspaces,
zooming of content and the automatic conversion of sketches to for-
mal UML diagrams. Likewise, they aim for a familiar and natural 3 Digital Pen and Paper Technology
way of interaction with flexible techniques. However, there are still
some drawbacks: devices like Tablet PCs or electronic whiteboardscommonly, digital pens and paper technologies use the Anoto

functionality. Equipped with an integrated image processor and an
infrared camera, the pens take snapshots of the Anoto dot pattern
which is printed almost invisibly on the paper. Every snapshot de-
livers sufficient information to determine the absolute position of
the pen on paper and what the user has written or drawn. Besides
that, pens also capture pressure, time and the unique ID of the used
paper. There are three ways to transfer data from the pen to an
application: by putting the pen in a connected docking station, by
tapping with the pen on boxes printed on the page to initialize Blue-
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tooth transfer or by streaming immediately via Bluetooth. We use directly on the tabletop. The diagram elements immediately ap-
this technology not only for paper, but also in conjunction with a pear underneath the pen can be moved around and connected with
rear-projected, multi-pen enabled tabletop display. The Anoto pat- each other by relationships, also selected from the palette (see Fig.1
tern is located underneath its surface and the captured content igright)). In that way it is possible to create ad hoc formal UML di-
streamed to the tabletop. In that way it is possible to draw directly agrams, especially in collaborative work settings. Every user can

comparable to electronic whiteboards. have his personalized palette and does not need to reach interface el-
ements located far away on the huge interactive display. For people
4 Combinig UML Sketch Tools with Digital not remempering every UM.L element in detail, palettes can serve
as an additional memory aid. This approach can also be used in
Pen and Paper Technology combination with sketching. Thereby it is conceivable to adjust el-
ements which are converted in the wrong way or not recognized at
4.1 Paper-only approach all, by picking up the correct element from the palette and placing

it on the diagram on the tabletop.

Generally speaking, sheets or notepads printed with Anoto-pattern
can be used to draw diagrams. The drawn content can be trans5  Current Prototypes
ferred to an application by one of the aforementioned approaches,

vv_here the sketches are recognized and converted to formal UML cyrrently we implemented two prototypes. One realizes the UML-
diagrams. ] palette approach and enables multiple users to tap on UML el-
UML sketch books: For that we suggest the usage of special UML  ements on the palette and place them on the tabletop (see Fig.1
sketch books. Besides an area to sketch on, they offer boxes afright)). The palettes are laminated sheets with elements arranged
the bottom of each page representing different diagram types (seejn a grid. In addition, it allows switching between interaction modes
Fig.1 (left)). The boxes can be used to assign a certain meaningjike zooming, panning and clearing the canvas. We also imple-
to the drawn diagram in order to support a proper recognition. By mented our own sketch recognition software, based on the Léxinia
tapping for example on the "class diagram” box and then tapping engine. This prototype can recognize rectangles, ellipses and con-

the "send” box, the application tries to convert as many parts of the nections which are drawn directly in the application or which are
transferred sketch as possible into class diagram elements, even itransferred from a digital pen.

they are not drawn in a proper way. It is also conceivable that tap-
ping on one of the boxes is followed by circling certain parts of the
sketch. In that way software designers can assign different types o
diagrams to the content of a page.
Single sheets of paper: One basic problem with real paper is the
lack of space. Digital pen and paper technologies can solve this
roblem by connecting different sheets of paper. If sufficientespac 2 - '
iF; not avail){a\ble, users%an take additional srl)we%ts and continuert)zlraw-OUIr next steps will include the integration of the UML-palette ap-

ing the diagram. Thereby, connections between elements such asplication into the_ sketch rec_:ognition prototype and extending the
drototype to assign semantics to UML elements. We also want to

lest different designs of the UML-palettes and to run user studies,
concerning speed, accuracy and user experience.

{6 Conclusion & Future Work

We presented possibilities to enhance sketch based UML diagram
tools with digital pen and paper technologies. Amongst others, we
proposed the usage of UML sketch books and UML paper palettes.

which diagram parts belong together. This feature is especially

beneficial for collaborative settings where several users can cbnne Acknowledgements This work was partly funded by the "Stifter-
their diagram parts drawn on different sheets of paper. verband @r die Deutsche Wissenschaft” from funds of the
Claussen-Simon-Endowment.
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