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Introduction

Like sighted people, blind and visually impaired people use maps to inform their understanding of the larger world around them. Tactile maps are an excellent way for a person with limited vision to discover spatial relationships that might otherwise be extremely difficult or impossible to perceive (B. Bentzen, 1997; Espinosa, Ungar, Ochaíta, Blades, & Spencer, 1998; Ungar, Blades, & Spencer, 1993).  Historically, tactile maps have been extremely difficult and time-consuming to produce, and their creators have often been more sculptor and collage artist than cartographer (Trevelyan, 1984). With the advent of press-based technologies, it became possible to create tactile maps with simple lines and textures on metal plates. These masters could then be used to produce embossed paper copies of the maps. This development enabled a large number of blind people to benefit from a single tactile cartographer’s efforts. 
Nevertheless, maps created in this manner needed to retain a broad appeal, so maps often showed large geographical areas with only the grossest detail of topography, population centers, and political divisions. While intellectually stimulating, such maps are of little practical value. A blind student of history or political science might benefit from knowing the arrangement of countries on any given continent, but it is unlikely to assist him in navigation or independent travel. Street and road maps of any particular area have been extremely rare because there are so few blind people in any given local region who might benefit from a local street map. 
With the advent of modern, computer-controlled embossing, engraving, and deposition technologies, and with the increased availability of digital geographical information, tactile maps production has entered a new era. By using geographic information systems (GIS) in conjunction with special printers capable of producing tactile hardcopy materials, it is now possible to provide highly customized tactile maps of any region for which geographic data are available (Clark & Clark, 1994; Coulson, 1991). Solenoid-driven Braille embossers are widely available and can be used to create raised-line graphics from digital information; capsule paper – a material which can be heated differentially to produce raised textures – can be used in conjunction with mainstream printers to produce tactile maps and figures; and ink jet technology can be used to deposit wax or plastic on a surface to create tactile graphics with high-resolution lines and textures (McCallum, Rowell, & Ungar, 2003).
Tactile Maps Automated Production

The Tactile Maps Automated Production (TMAP) project at The Smith-Kettlewell Eye Research Institute (San Francisco, USA) provides a robust working demonstration of how GIS, the Internet, and modern tactile hardcopy technologies can be used to create, distribute, and produce tactile street maps for use in orientation and mobility by blind and visually impaired people with a wide range of abilities (J. Miele, 2004; J. Miele & Marston, 2005). The TMAP project has demonstrated the feasibility of using geographic information systems in conjunction with embossing technologies to allow blind individuals to independently produce high-quality tactile street maps for use in wayfinding. With this system, a blind user can independently obtain a tactile street map by visiting the TMAP web site, specifying the map location by address or intersection, and downloading a tactile map file. The file can then be embossed on any of a number of graphics-capable Braille embossers. Street names are indicated by placing abbreviated Braille labels around the perimeter of the map where text is unlikely to conflict with graphical features. The abbreviations are associated with a Braille legend (or key) that is also produced automatically and downloaded with the map.

This perimeter-based Braille labeling technique minimizes tactile clutter, which is one of the most critical factors in creating readable tactile maps. It is particularly effective for representing grid-like street networks, and is adequate in many other situations as well. Unfortunately, there are also many common situations that do not lend themselves well to this approach. Idealized grids account for only a small fraction of real-world street maps. Many streets may be only a block or two in length, and do not intersect the perimeter of the map where there is room for the Braille labels. Some streets curve, change names, have discontinuities, and are otherwise difficult to label. In fact, owing to a multitude of factors, including the fact that many blind people are not proficient in reading Braille (Johnson, 1996), Braille is often inadequate for the complex task of annotating tactile maps. To some extent, cartographic abstraction can help with this, with different line and symbol types reducing the need for text annotation (B. L. Bentzen, 1996; Frascara & Takach, 1993; Rowell & Ungar, 2003), but this is minimal help with such practical problems as providing information about street names, address ranges, and traffic flow. 
Audio/Tactile Graphics

One promising approach to solving the labeling problem is called audio/tactile (A/T) graphics. This technique adds real-time interactivity to a static tactile map by enabling it to provide auditory feedback based on the position or object on the map as it is touched (Parkes, 1988). Most implementations of this technique use a touch-sensitive surface (such as a drawing tablet or touch screen) connected to a computer. A tactile overlay (such as a map or figure) is placed on the tablet. After a calibration and overlay identification process, the computer can provide audio information about each item in the graphic as it is touched. A number of other approaches to the A/T technique have also been tried, including using video tracking of hand movements (Krueger & Gilden, 1999) and detection of capacitance fluctuations (Landau, Newlin, McGinnis, & Ziebarth, 2007). Regardless of the details of the specific approach, A/T maps and graphics facilitate the ability of the author to provide an enormously expanded set of information to the reader. With A/T graphics, a simple tactile map can be used as a framework for an almost infinite number of informational layers. A basic tactile street map of a neighborhood can be entirely freed from Braille labels – thus reducing clutter and providing more space for cartographic elements – but can still include auditory feature names for each map element. In fact it can provide address information for any individual block, local business information, public transportation details, intersection control types, and even historical details and local points of interest. 
Scalable Vector Graphics

In order to produce audio/tactile graphics, one must be able to specify both the graphical (tactile) elements of the overlay, as well as the structured information associated with each tactile object. Scalable Vector Graphics (SVG) – a standard maintained by the World Wide Web Consortium (W3C) – provides an excellent framework for the distribution of A/T graphics and maps. SVG is an extensible markup language (XML) file format that allows the coordinate-based description of graphical objects, as well as a hierarchical mechanism for associating and annotating individual elements such as blocks, streets, parks, plazas, and buildings. Unfortunately, a full discussion of SVG and XML are beyond the scope of this article, but both are well documented on the W3C’s web site (http://www.w3c.org).  
With SVG the location and shape of a single street segment can be specified by providing a chain of latitude and longitude points. If the block is straight, only the end points need to be provided, but if the segment curves, any number of points along the street can be given in order to fully describe its shape. By providing the street information in this way, the end user of the SVG file has the ability to infinitely rescale, rotate, and otherwise manipulate the image because the shape is easy for the computer to redraw in any re-scaled or rotated context (this is in marked contrast to pixel-based, or “rasterized,” images which can become grainy or distorted if similarly manipulated). Each street segment can be individually annotated with an unlimited number of information tags. The mechanism for this is provided by the SVG standard through such tags as <title> and <desc>, as well as by the ability of XML to include additional tagged data in user-defined namespaces. 
Finally, the ability to create structured relationships of map elements is provided by SVG’s <group> tag. This allows all the segments of a single street to be grouped together, and even annotated as a group with the same annotation mechanisms available for individual segments. Because groups can be nested, this allows geographical data to be organized hierarchically if so desired. This can be particularly useful for learning geographical information without the benefit of the tactile/spatial overlay component. For example, by using only a computer keyboard to navigate a hierarchy of the San Francisco Bay Area, one could learn that El Cerrito, Berkeley, and Oakland are all cities in the East Bay region, and that South Side, North Side, and Westbrae are all neighborhoods in Berkeley. (Again, it should be noted that no such structure would be possible with a purely raster-based map file.)
The ability to encapsulate all of the map information into a single text-based file format has many other advantages. These include:
· easy translation and internationalization

· computer and A/T platform independence

· user-controlled zooming, cropping, and editing

Using SVG with TMAP

In addition to producing tactile maps with Braille labels, TMAP can also produce maps in SVG form (J. Miele & Landau, 2006; J. A. Miele, Landau, & Gilden, 2006). All of the additional information to be associated with the individual street segments is provided in the SVG file as tagged text. The representation of the information is left up to the A/T graphics program used by the person requesting the map. In general, the A/T graphics viewing application will use synthetic speech to provide the dynamic street information, but it could just as well be provided on a refreshable Braille display or as large print on a computer monitor. 

There are currently two products on the market which take advantage of TMAP’s ability to produce SVG:  the Talking Tactile Tablet (T3) from Touch Graphics (New York, NY, USA), and the IVEO from View Plus (Corvallis, OR, USA). These A/T graphics platforms use USB touch tablets as described above, allowing a tactile overlay to serve as the spatial index into a rich set of auditory information. 
The T3 uses a specialized application to interpret the TMAP data called TMAP Reader (J. A. Miele, Landau, & Gilden, 2006). The system allows a user to order a map from the TMAP web site, but instead of downloading the file, the SVG data are sent to a remote production facility. The tactile overlay is produced and sent to the user along with the digital map file. This enables a user with no Braille embosser or other tactile hardcopy production capability to obtain high-quality A/T neighborhood maps without the need for any sighted assistance. TMAP Reader also includes an editing function called TMAP Enhancer (Landau, Miele, & Gilden, 2007). This enables a user to add layers of information to existing features of an A/T map, or even to add or delete elements from the map with their associated audio information layers. The modified map data can be transmitted back to the production facility for embossing of the modified overlay.
IVEO Viewer is a free, generalized software application for displaying SVG files. View Plus, Inc., (the creators of IVEO Viewer) also publishes an SVG authoring application called IVEO Creator which can be used to produce A/T graphics based on the SVG standard (Gardner & Bulatov, 2001). IVEO Creator provides a graphical user interface (GUI) for the drawing and annotation of SVG elements. It also includes a digital watermark in the SVG file that identifies the file’s contents as an A/T graphic to be voiced by IVEO Viewer. In conjunction with a touch tablet, IVEO Viewer can provide a rich A/T graphics experience for properly annotated and enabled SVG files. The viewer includes the ability to use View Plus embossing technology to print out the tactile overlay for use with the tablet.

TMAP’s SVG files are automatically annotated and IVEO enabled. An IVEO user who also has a View Plus embosser can visit the TMAP web site, download an SVG map, and use IVEO Viewer to explore the resulting A/T map. IVEO allows the user to zoom and pan the image in order to focus on regions of particular interest. The user simply embosses a new version of the zoomed or panned image and uses the new tactile overlay to explore the re-scaled A/T map.

SVG also holds a great deal of potential for providing access to maps for people with limited, but still useful, vision. Many individuals with low vision find that standard print maps include too much detail to be useful. For these individuals, it would be extremely helpful to provide the ability to customize such things as color, line width, font size, and label placement. The underlying TMAP software is ideal for this purpose, providing the flexibility for low-vision users to be able to customize their visual street maps in such a way as to make the more appropriate for their particular visual disability (Marston, Miele, & Smith, 2007). The Smith-Kettlewell Eye Research Institute is currently collaborating with researchers at the University of California at Santa Barbara’s Geography Department to develop and field test this technology. 

Conclusion

As the field of A/T graphics expands, the possibilities for SVG and A/T maps is ever increasing. SVG has great potential to become a simple, easy-to-use file format for the exchange of all kinds of geographical data for use in a variety of accessible technologies. For example, there are currently a number of accessible GPS tools being used by blind and visually-impaired people. SVG could be an excellent, platform-independent file format for the exchange of improved and updated feature and point-of-interest (POI) data. Similarly, GPS tools could produce SVG output for easy sharing of POI and path of travel data among the blind and visually-impaired community. Such geo-spatial information could easily be uploaded to the TMAP web site and included as new routes, regions, and POIs for subsequently-requested tactile, A/T, and large-print maps. As A/T technology evolves to include modern multi-touch displays, digital pens, and force-feedback tools, maps and graphics encapsulated in the standardized SVG format will facilitate rapid adoption of newer, and presumably better, accessible technologies. 
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