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ABSTRACT 
In this paper, we describe the design philosophy, implementation 
and evaluation of InkKit, an informal design platform that uses 
pen input on a tablet PC to imitate the informality of a low 
fidelity tool. The aim is for this toolkit to provide a foundation for 
further research into domain specific sketch support. 
Designers initially hand-sketch their ideas [3, 6] because informal 
tools, such as pen and paper, offer the freedom to work with 
partly formed or ambiguous designs. The emergence of electronic 
pen input systems has seen a number of exploratory projects 
applying pen-based sketch software to the design process. Even 
though these projects differ, most of them use the same general 
framework. Thus a significant part of the implementation 
incorporates the same basic functionalities.  

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: Input devices and strategies D.2.2 
[Design Tools and Techniques] User Interfaces 
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1. INTRODUCTION 
InkKit intends to act as a starting point for other projects by 
providing an intuitive, generic and extensible sketch space. It 
provides the basic functionalities expected in computer aided 
design software with a user-friendly interface. InkKit also 
implements commonly used techniques such as recognition and 
beautification. In addition, it is designed to be extensible in the 
sense that it is capable of accommodating various types of designs 
(such as UML diagrams, ERDs and interface designs) that can 
integrate with different formal design environments. 

2. RELATED WORK 
FreeForm2 [6] is a design tool specifically implemented to 
convert hand-drawn sketches into Visual Basic 6 forms with input 
recognition and beautification. It also provides a storyboard mode 
that allows users to create connections between sketches. 
Leszynski InTegrate [4] is another sketching tool that converts 
user input into strictly defined form components. DENIM [5] is 
particularly developed for use in the early stage of website or 

form design. It allows storyboarding with zooming capabilities. 
SUMLOW [6] allows various UML diagrams to be sketched and 
it incrementally formalises the diagram, recognizing UML 
notational symbols as they are drawn. A similar project called 
Ideogramic UML [2] was created to transpose user gestures into 
solid UML objects. 

3. REQUIREMENTS 
In order to accomplish the goal of being intuitive, generic and 
extensible InkKit should meet the following requirements. First, it 
should provide an effective user interface which is easy to use so 
that the designer can freely create and manipulate sketches 
without interruption to the creative process. Second, InkKit 
should perform basic reliable text and drawing recognition. Third, 
it is required to handle multiple designs simultaneously and 
provide a way to create links between those designs. Lastly 
InkKit should be able to beautify abstract, informal designs in 
preparation for formalisation. 

4. DESIGN AND IMPLEMENTATION 
InkKit is implemented using Microsoft Visual Studio.NET for 
Windows XP Tablet PC. It runs on all Microsoft platforms that 
support electronic ink input, but requires the Tablet OS for 
recognition. 
In order to satisfy the requirements presented above InkKit 
incorporates the following functionalities. First, it allows inking 
whilst supporting all the necessary functions usually contained in 
an editing environment such as undo & redo and save & load.   

 
Figure 1 Recognising a use case diagram 
 

Second, the program incorporates modeless recognition; 
distinguishing between words and characters, and typical simple 
shapes (figure 1). This is achieved by pre-processing ink to 
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separate it into writing and drawing. The Microsoft text 
recogniser is then used to recognise writing and Rubine’s [7] 
algorithm is employed for the shape recognition. We have 
included an interface to the gesture library so that the user can 
customise the gesture sets; thus InkKit can dynamically learn how 
to recognize new components. The last step of recognition is to 
apply adjacency rules to collect recognised elements into complex 
shapes. 
Third, InkKit also supports a storyboard mode with zooming 
capability that allows users to easily create relationships between 
existing sketches (figure 2). To handle multiple designs we 
implemented MDI forms. While in storyboard mode the MDI 
forms can be linked with connectors that act as an electronic 
rubber band between components on the same or a different form 
thus allowing for complex diagram creation. 
To meet the last requirement, beautification, InkKit standardises 
recognised components to predefined sizes based on the 
taxonomies specified by the user [1]. Components are snapped to 
the grid; and groups aligned horizontally and vertically; any 
overlapping that might occur during the process is automatically 
resolved. 
To offer more flexibility, the beautification process has been 
divided into different steps. Thus the user can, for example, 
prevent overlapping of objects on a sketch without aligning them. 
By default all components on a sketch are recognized and 
beautified as a whole. This can also happen at the selection level 
with slight adjustments to the algorithm.  

 
Figure 2 designing a user interface in relationship mode 

5. EVALUATION 
Evaluation of InkKit is divided into user interface, recognition, 
and beautification. 
General user interface design guidelines and the experiences of 
others [5, 6] are followed to ensure intuitiveness. However, due to 
the inherent problems of pen input technologies, additional steps 
were taken such as addressing the parallax problem by increasing 
the area allowed for selecting components. 

In general modeless recognition performs successfully in the 
sense that the strokes are reliably grouped and differentiated in 
most of the cases. To achieve higher accuracy user-specific 
training is required at the basic level, such as handwriting size. 
Text recognition is generally reliable since we utilised the built-in 
recogniser of the tablet OS. The accuracy of the recognition result 
for shapes relies on Rubine’s [7] Algorithm, which was tested for 
implementation correctness.  
The beautification process has been tested by considering each 
technique individually. Snapping to grid and standardisation of 
components achieved satisfactory results. Alignment and 
overlapping perform as expected in most situations, however may 
fail with complex diagrams unless more restrictive rules are 
imposed. 

6. CONCLUSION & FUTURE WORK 
Although the program can still be refined in many ways, InkKit, 
in its current state is meeting the requirements presented above 
and is ready to be used as a generic toolkit to provide the 
foundation for further research into domain specific sketch 
support.  
Further improvements can be made especially to modeless 
recognition and beautification in order to increase accuracy. 
Extensive research is currently being performed in these fields 
and more reliable techniques can be added as they are found. 
InkKit can now be extended to accommodate various design 
techniques. Rules can be applied to a sketch so that it can be 
converted into application or language specific formal design 
such as a webpage with automatic HTML conversion, an ERD in 
ERWin or a use case diagram in Rational Rose.  

7. REFERENCES  
[1] Blackwell, A.F. and Y. Engelhardt, A Meta-Taxonomy for 

Diagram Research, in Diagrammatic Representation and 
Reasoning, M. Anderson, B. Meyer, and P. Olivier, Editors. 
2002, Springer. 

[2] Damm, C.H. and H.R. Hansen, Ideogramic. 2002. 
http://www.ideogramic.com/ Accessed 10 Jan 2005 

[3] Gross, M., The proverbial back of an envelope, in IEEE 
Intelligent Systems. 1998. 10-13. 

[4] Leszynski Group, InTegrate. 2005, 
http://www.leszynski.com/ Accessed 10 Jan 2005. 

[5] Newman, M.W., et al., DENIM: An Informal Web Site 
Design Tool Inspired by Observations of Practice. in 
Human-Computer Interaction, 2003. 18(3): 259-324. 

[6] Plimmer, B.E. and J. Grundy. Beautifying sketch-based 
design tool content: issues and experiences. in proc AUIC. 
2005. Newcastle: ACM: 31-38. 

[7] Rubine, D. Specifying gestures by example. in proc 
Proceedings of Siggraph '91. 1991: ACM: 329-337. 

 

 

30



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


