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Abstract

For visually impaired people Scalable Vector Graphics (SVG) provide a great opportunity to access
graphical information. We propose an interactive transformation schema, which transforms SVG into a
tactile representation. This paper describes how this transformation schema is realized and supported by
navigation through the SVG shape hierarchy and by applying filters. Additionally meta information is
extracted from the SVG and presented on the braille line and by voice output.
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1. Motivation 
Images became standard in nowadays information publishing. The information presented in images must
be accessible to all people. For users with visual disabilities it is necessary to access this information with
non-visual devices. Scalable Vector Graphics provide a great opportunity to explore graphics on tactile
devices. Text, shapes, attributes, and meta information of SVG can be extracted easily. 

Tactile output devices have a low spatial resolution (e.g. 16x16 or 120x60) and can display just
monochrome output (pins up or down). We propose a transformation schema, which makes it possible to
display and to explore SVG on these devices. We developed a software environment, which can be used
directly by blind users for exploring graphics as well as by developers to simulate several tactile output
devices [Rotard et al. 2004]     . The user can navigate in the shape hierarchy of the graphics and apply
filters. The tactile output is complemented by braille line and voice output. Figure 1     shows a screenshot
of our software environment. The scaled original graphics is at the bottom of the user interface and in this
example the contour filtered graphics in an incremental buildup is at the top. The parameters for the
transformation schema could be set using the panel on the right side. There is also a navigation bar and a
simulated braille display at the bottom of the user interface. The tree view on left side could be used by
developers for a fast navigation in the SVG shape hierarchy.



 

Figure 1: Screenshot of our software environment 

Some related work has been done in this field by the Web Accessibility Initiative [WAI]     . A guideline on
how to create SVG in an accessible way can be found in [Jackson 2003]     [McCathieNevile et al. 2002]     .
Recent publications concerning accessing SVG for visually impaired people focus on specialized areas
like extracting meta information [Herman et al. 2002]     , visualization of tactile maps [Campin et al.
2003]     and transformation for tactile embossers [Gardner et al. 2001]     [Gardner et al. 2004]     

2. Transformation Schema 
Our system is developed in Java and uses several open source tools or libraries. The Batik SVG Toolkit is
used for rasterizing SVG images, JDOM for accessing the XML files and FreeTTS for the voice output
[Batik]     [JDOM]     [FreeTTS]     . Our equipment is a tactile matrix device from Metec, which has 120x60
tactile pins. We developed a Java driver for this device, which is plugged in into the software
environment. Because of the flexible interface other tactile devices can be integrated easily. Therefore our
results are not restricted to this special hardware. Furthermore our software environment can simulate this
transformation schema for all sizes of tactile devices.

The diagram in Figure 2     shows the transformation schema of our system. In a preprocessing step the
system analyzes the XML file and builds up an internal structure tree. For each shape a new node is added
where the collected meta information is stored. This meta data is among others the shape type, the fill and
the stroke color, the content of the title-tag and description-tag, and the id-attribute. For each shape the
color of the stroke and filling is stored as SVG color keyword name for information output and as the
nearest color of the "basic color terms" for filtering (see Chapter 4     for further details). If the current node
is a "use"-tag, it is resolved to the referencing shape. In our transformation we consider all defined CSS
(Cascading Style Sheet) attributes. There is also a simplifier mechanism that removes groups, which are
empty or have just one shape. If this group has attributes, they are assigned to the child shape. The
structure tree is used for navigation and for output of the meta information on the braille line and by voice
output.



 

Figure 2: SVG transformation schema 

Because the tactile device is restricted to two pin modes, we have to find out the background color.
Therefore a heuristic method tries to find one of the first shapes with approximately the size of the entire
graphik. The fill color of this shape is identified as background color. If no shape with this attributes
could be found, the background color is set to white. All colors similar to the background color are
rendered as pins down. All other colors are identified as foreground and where rendered as pins up. This
can be inverted interactively. Because of the low resolution and the single foreground color the shapes are
rendered without the use of antialiasing methods.

The shapes in SVG are not stored spatially sorted. As a consequence the shapes in an incrementally
accumulated buildup will appear unsorted on the output (see Chapter 3     ). Therefore our system calculates
a bounding box of all shapes and groups and sorts them spatially. In this calculation the transform
attribute of the current shape and of all parent nodes have to be considered. The sorting is done on the
references to the nodes in the structure tree and not in the SVG-file, so the geometry stays unchanged. In
our system the shapes are sorted from left to right and from top to bottom.

3. Navigating through the Shape Hierarchy 
In our environment the graphics is scaled to fit the size and resolution of the tactile device. Our concept of
exploring SVG images is simple. The user can navigate to the next/previous shape or group and enter or
leave groups. At each navigation step the graphics is updated on the tactile device and the user is
informed on the braille line and by voice output about some meta information concerning the current
shape or group. This could be the shape type, the fill and stroke color, the contents of a text shape, the
title- and description-tag and the id-attribute. Additionally the user is informed about the position of the
shape or group and about other attributes.

The buildup of the graphics can be either shape-by-shape or incrementally accumulated with respect to the
spatial sorting. In the shape-by-shape mode the "visibility"-attribute of all shapes are set to hidden, except
the current shape or group is set to visible. In the mode, where the buildup is incrementally accumulated,
all previous shapes of the spatial sorting with respect to the current shape or group are mapped to the
foreground. All other shapes are mapped to the background (see Figure 3     ).



 

Figure 3: Original graphics and three incrementally accumulated buildup steps 

For orientation there is a command to show the whole graphics at once. In this mode it is even possible to
use filter effects and to navigate through the shape hierarchy. The user can turn on a mode where the
shapes are drawn without minding the occlusion. This makes it possible to see a shape or group in one
piece, which is partly hidden by another shape or group. The user can also zoom in and out. In this case
the output size can be larger than the size of the tactile device. Using the keys or the mouse the point of
view can be moved.

4. Applying Filters to the Graphics 
To support the exploration of SVG, the visually disabled users can interactively apply and combine
special filters. There is a text filter, which sequentially shows the position of each text string on the tactile
output device by toggling the text shape between foreground and background. The textual contents is
printed on braille line and output by voice. Another filter removes gradients and patterns in fillings and
SVG filter effects. For a blind user this fillings could be confusing. For example the result of the
transformation schema for a color gradient could be an area, where some parts are rendered in the
foreground color and some parts in the background color. Figure 4     shows some bars of the original
graphics on the left, the result of the standard transformation scheme in the middle, and on the right the
result with the filter, which removes advanced fillings. A contour filter removes the filling and shows just
the outline of shapes (see Figure 1     ). This helps the blind users to feel the shape or group more clearly.

 

Figure 4: Original graphics, result of the standard transformation scheme, and result of
the filter, which removes advanced fillings 

Because the pins of tactile output devices have just two modes (pins up or down), it is necessary to have
color filters. In our approach we use the "basic color terms" established by Brent Berlin and Paul Kay in
1969 [Berlin et al. 1969]     as default set of colors. The "basic color terms" build a basis of distinguishable
colors which are white, black, gray, red, pink, yellow, green, blue, purple, brown, and orange. Of cause
the number of colors in the set and the color values could be adapted to the needs of the user. In our
software environment the RGB colors and SVG color keyword names of shapes are assigned to the



nearest color of the "basic color terms" in the L*a*b color space [McLaren et al. 1976]     . E.g. if the user
turns on the green and black color filter then just the shapes are shown, which have a similar color to
green and blue (see Figure 5     ). If the assignment is ambiguous, a color can be assigned to more than one
color of the "basic color terms". In these filters the color of the stroke and filling is considered separately.
Additionally the fill and the stroke color of the shape is output as the (nearest) SVG color keyword name
on the braille line and by voice output.

 

Figure 5: Original and result of the transformation schema with the color filter for
green and black 

5. Results and Outlook 
A first evaluation of our software environment by a blind colleague in our group has shown that our
approach is very promising. The metadata output, the filters, and the easy handling of the navigation
where helpful for the exploration of the graphical content. The graphical quality of SVG rendered with
Batik in the reduced size on our tactile device is higher than the quality of the down scaled bitmap
graphics. As result of our transformation schema Figure 6     shows a bar chart graphics on our tactile
device.

 

Figure 6: Result of the transformation schema on our tactile device 

Our transformation schema could also be used by people who are color blind to handle false colors and
for visually impaired people to zoom the graphics. Currently we do not support animations and scripting
of SVG, but it would be possible to realize this in the future. The pins of our tactile matrix device are
slow and can be set just sequentially, because they are set electromagnetically. Therefore the amperage is
to high to set 7200 pins simultaneously. Modern piezo technology would be much faster and the pins can
be set in parallel. Animation and scripting effects would be much easier to explore for blind people on
piezo than on electromagnetically devices.



Acknowledgements 
We would like to thank Waltraud Schweikhardt, Alfred Werner, Andreas Hub, Daniel Weiskopf, and
Gerhard Weber for their help to finish this paper and for the fruitful discussions.

Bibliography 
[Batik] 

Apache XML Project: Batik, http://xml.apache.org/batik/, July 2004 
[Berlin et al. 1969] 

Berlin, Brent; Kay, Paul: Basic Color Terms: Their Universality and Evolution, University of
California Press, Berkeley, Los Angeles, 1969 

[Campin et al. 2003] 
Campin, M. Benjamin; Brunet, Louis L.; McCurdy, William A.; Siekierska, Eva M.: SVG Mapping
for People with Visual Impairment, SVG Open 2003,
http://www.svgopen.net/2003/papers/svgmappingforpeoplewithvisualimpairments/, July 2004 

[FreeTTS] 
Kwok, Philip; Lamere, Paul; Schröder, Marc; Vos, David; Walker, Willie: FreeTTS - A speech
synthesizer written entirely in the Java programming language, http://freetts.sourceforge.net/, July
2004 

[Gardner et al. 2001] 
Gardner, John A.; Bulatov, Vladimir: Smart Figures, SVG, and Accessible Web Graphics,
Proceedings of the Technology And Persons With Disabilities Conference, 2001 

[Gardner et al. 2004] 
Gardner, John A.; Bulatov, Vladimir: Directly Accessible Mainstream Graphical Information, In:
Klaus, Joachim; Miesenberger, Klaus; Burger, Dominique; Zagler, Wolfgang (Eds.): Proceedings
of the 9th International Conference on Computers Helping People with Special Needs (ICCHP),
Springer, Berlin, 2004 

[Herman et al. 2002] 
Herman, Ivan; Dardailler, Daniel: SVG Linearization and Accessibility, Proceedings of the SVG
Open Conference 2002,
http://www.svgopen.org/2002/papers/herman_dardailler__svg_linearization_and_accessibility/,
2002 

[Jackson 2003] 
Jackson, Dean: Making Accessible SVG, SVG Open 2003,
http://www.svgopen.net/2003/paperAbstracts/making_accessible_svg.html, July 2004 

[JDOM] 
JDOM Project: JDOM, http://www.jdom.org/, July 2004 

[McCathieNevile et al. 2002] 
McCathieNevile, Charles; Koivunen, Marja-Riitta: Accessibility Features of SVG, W3C Note, 2002,
http://www.w3.org/TR/SVG-access/, July 2004 

[McLaren et al. 1976] 
McLaren, K.: The development of the CIE 1976 (L*a*b*) uniform colour space and colour-
difference formula, Journal of the Society of Dyers and Colourists 92, 1976 

[Rotard et al. 2004] 
Rotard, Martin; Otte, Kerstin; Ertl, Thomas: Exploring Scalable Vector Graphics for Visually
Impaired Users, In: Klaus, Joachim; Miesenberger, Klaus; Burger, Dominique; Zagler, Wolfgang
(Eds.): Proceedings of the 9th International Conference on Computers Helping People with Special
Needs (ICCHP), Springer, Berlin, 2004 

[WAI] 
W3C: Web Accessibility Initiative, http://www.w3.org/WAI/, July 2004 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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
  /SyntheticBoldness 1.00
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


