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Abstract

Virtual physics environments are becoming increasingly
popular as a teaching tool for grade and high school
level mechanical physics. While useful, these tools often
offer a complex user interface, lacking the intuitive
nature of the traditional whiteboard. Furthermore, the
systems are often too advanced to be used by novices for
further experimentation. In this paper we describe a
physics learning environment using multicolour sketch
recognition techniques on digital whiteboards. We argue
that the use of coloured pens helps to resolve several
ambiguities appearing in single colour sketching
interfaces. The recognition system is based on a
combination of Support Vector Machines and rule based
methods. The system was evaluated using a constructive
interaction method, with users completing a set task.

1. Introduction

Sketch recognition, that is, computer recognition of hand
drawn shapes, is an area of considerable recent research
activity, driven mainly from applications. Indeed, the use
of sketch recognition on popular electronic devices, such
as Tablet PCs and Smart Boards, mean that advances in
the area can have immediate practical implications. From
this applied point of view, the general goal of the
research in sketch recognition is to make drawing on a
computer as close as possible to drawing on a piece of
paper, or a whiteboard, by placing as few constraints on
the user as possible, while still enabling robust and
accurate recognition of the hand drawn shapes [1].

The field of sketch recognition has evolved out the
more general and well researched field of pattern
recognition. Rather than performing recognition on a
bitmap input, sketch recognition methods generally
analyse user strokes or gestures to produce results. In the
past, this has meant that special gestures had to be
learned by the user, and performed using the same stroke
orientation or speed. However, the latest
implementations on geometric shape recognition are now
extremely robust, and have largely solved these
problems as well as employing context sensitivity to
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allow shapes to be constructed using multiple strokes, or
even multiple shapes from a single stroke. An excellent
example of a robust implementation demonstrating both
these features is the PaleoSketch system [14].
Researchers are also investigating the usability benefits
of sketch-based interfaces, often for surprisingly
specialized and complex applications [15].

In this paper, setting our target application as a
teaching tool for primary level mechanical physics, we
describe a sketch recognition based interface for 2-
dimensional shapes. The interface is build around the
Smart Board, which is a digital whiteboard/drawing
screen using optical detection, see Figure 1.

Figure 1. The Smart Board device.

Combining Support Vector Machines (SVM) and
rule based methods, the system supports the recognition
of simple 2-dimensional shapes, such as squares, circles
and polygons. To increase the interactivity of the
application, these shapes are beautified as they are drawn,
providing the user with instant feedback as to the success
of the recognition. Finally, the user can then toggle the
system into a physics simulation mode, in which the
sketched shapes behave realistically in a physical 2D
environment, see Figure 2.

Our implementation does not seek to increase the
usability of the drawing interface by emulating the
context-sensitivity demonstrated by PaleoSketch. Instead,
our main contribution is that we utilize the multiple
coloured pens of the Smart Board device to afford users
a real-world metaphor for input of different classes of
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objects (shapes, constraints and forces). By using
multiple coloured pens, we eliminate the need for
context-sensitivity, and the problems associated with it,
in our recognition engine. The user can also erase
recognized shapes using the Smart eraser, and even
move objects around by dragging their fingers on the
board.

Figure 2. Our Sketch Board running in
simulation mode.

Far from complicating the user experience, we argue
that the use of a real-world “pen” analogy can aid user
understanding of the input options available, perhaps to a
greater extent than the “invisible” method of context-
sensitivity. The implementation aims to be intuitive
enough to use both in a classroom teaching environment,
and at home as a personal learning tool.

2. Related work

The system presented in this paper is primarily informed
by the ASSIST recognition system developed by
Alvarado [2], which in turn was a development of
RecSystem [3]. ASSIST allows the user to sketch a
mechanical physical system in much the same way as our
system does, but it has a greater context sensitivity,
which we believe opens it up to ambiguity and therefore
sometimes false recognitions. The reason for this context
sensitivity is that the ASSIST system uses a single pen
for drawing of all objects, which creates a far greater
number of possible results for each stroke. We aim to
combat this by making use of the multiple coloured pens
of the Smartboard, for different stroke types (e.g. base
objects, constraints and forces). While this is a user
constraint, which runs in opposition to Hammond and
Davis’ definition of a good sketching interface [1], we
expect that the users will accept and find intuitive the
idea of different coloured pens providing different
functionality.

Neural networks is an obvious choice for sketch
recognition, and their success has been repeatedly
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proved in the more general setting of pattern recognition
[4]. However, several of the most popular neural
network methods for pattern recognition can not be
directly applied to our problem, as they have been
developed to work with images rather than strokes.
Yaeger [5] has suggested a neural network approach
using strokes, in his evaluation of sketch recognition on
the Apple Newton device.

Rule based methods for sketch recognition rely on
creating specific rules to characterize particular shapes.
As a simple example, an equilateral triangle has its three
corners at equal distance to each other. A rule based
method proposed by Peng et. al. [6] takes into account
the positions of endpoints of user strokes, and uses this
information to determine what shape has been drawn.
This method works very well, but does not take into
account the timing of strokes, which can be very useful
in a heuristic, particularly for broad classification into
general shapes. Mackenzie [7] lists some methods based
on timing of strokes, although his main focus is on agent
based recognition.

The support vector machine is a statistical method
originally proposed by Vapnik in [8]. It is a supervised
learning technique with similarities to the neural
networks, and can be used to solve the classification
problem for two classes. Viewing the sets of data as two
vectors in an n-dimensional space, a single SVM splits
the data into two classes, computing a hyperplane that
separates them. Combinations of SVMs can be used to
solve the classification problem for » classes. For
example, we can use n SVMs, each one trained to
separate one particular class from all the other classes.
For a more robust classifier, we can use one SVM for
each pair of classes, that is, n'(n-1) / 2 SVMs in total.
Each SVM is trained to separate the objects of two
specific classes, ignoring all the other classes. Finally,
the n'(n-1) / 2 SVMs are combined through a majority
voting system to produce a classifier for the » classes. It
has been shown that the pair wise coupling scheme is
more robust than the one SVM per class scheme [9].

Wenyin et. al. [10] offer a quantitative comparison of
SVMs, rule based methods and neural networks. SVMs
is shown to be the most robust method overall, although,
in their experiments, rule-based methods achieved 100%
recognition rates for elliptical shapes. Neural networks
perform less well, which is surprising considering their
effectiveness in more general machine vision problems.
Based on this work we have chosen to use a combination
of SVMs and rule-based methods.

Sketch beautification is an important element of the
sketching process. Because a user’s sketches can be
rather rough and unsuitable for design work, it is usually
helpful for the computer to “tidy up” lines and connect
them cleanly, see Figure 3. Except of improving the
visual quality of the sketch, beautification also helps the



users understand whether a shape has been recognised or
not by the computer [13]. We believe that beautification
should be applied after every stroke, as the immediate
feedback can be very helpful in guiding the user through
the sketching process. Without this feature, problems
could accumulate, reducing the overall accuracy of the
system.
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Figure 3. Sketch beautification in the ASSIST

system.

As a fully functional sketch recognition utility can be
extremely complex, we tried as far as possible to reuse
existing software and libraries that are freely available in
the web. One technology which we have used in our
implementation is the Diva sketch system, developed at
Berkeley California [11]. It features a sketching interface,
with a data structure that stores user input as timed
strokes, and a basic recognition framework which allows
various methods of recognition to be plugged in. An
excellent symbol recognition system, based on SVMs,
has been proposed by Hse et al. in [12]. We found that
Hse’s system is excellent for broad recognition of shapes,
and we make use of it as an initial broad classifier
between circles, rectangles and general polygonal shapes.
Following this step, we use a rule-based approach, using
some stroke segmentation and geometry interpolation
methods demonstrated in the ASSIST system. We
combine these two distinct recognition stages to produce
a robust overall recognition method.

3. The sketch recognition system
3.1 The Smart Board hardware

The Smart Board is the main hardware around which the
Sketch Board system is built (see Figure 1).
It consists of a screen and four pens, coloured black, red,
blue and green. The pen movement is tracked on the
screen by two cameras located at the corners. At any
particular time only one pen can be traced on the screen.
Another limitation is that there is no active detection
system for the colour of the pen in use. Instead, at the
bottom of the screen there are four coloured pen-cases
matching the colours of the pens. Each pen-case has an
optical sensor and the colour in use is the colour of the
pen-case which last had a pen removed from it. This

limitation can create user confusion when a pen is not
returned to its pen-case after use, or when pens are
misplaced in pen-cases of different colour.

3.2 Architecture

The high level architecture of the Sketch Board system is
described by the diagram in Figure 4.
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Figure 4. Diagrammatic overview of the Sketch
Board.

The system relies on a number of external libraries
and codebases, some of which are used as black-box
solutions and some of which have been modified.

The sketch recognition and simulation pipeline works
as follows. The Smart SDK of the Smart Board captures
the user input in the form of time strokes. The Diva
framework with the HHreco plugin uses SVM for a
broad classification of the time strokes into few
categories of objects. The main recognition system,
using code from the Microsoft’s version of ASSIST,
uses rule based methods to complete the object
recognition and beautification. Then the objects are sent
to the Phys2D physics simulation engine whose output is
again displayed on the Smart Board.

The main novelty of the Sketch Board is the use of
multiple coloured pens, a physical eraser and the user’s
own fingers to indicate different modes of input. We use
three modes of input, black, red and blue for shapes,
constraints and forces, respectively. Additionally shapes
can be removed with the eraser or moved by dragging a
finger on the board. Next we describe each mode of
input in detail.

443




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


