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Introduction

Maps can be used to understand spatial layouts and street networks, assist when planning efficient navigation in a new area, and are also extremely helpful as a reference during a navigation task.  High-quality maps of any scale are now easily available to any sighted person on the Internet.  Can we even imagine how difficult life would be in a world where no maps were available?  Spatial orientation, geographic knowledge, and travel can be quite difficult when no maps exist for a desired area.  However, for the blind and visually impaired, these ubiquitous digital maps are inaccessible.  

The Tactile Map Automated Production (TMAP) project at Smith-Kettlewell Eye Research Institute offers a way for blind users to access customizable tactile representations of a specified area, with standardized layouts and legends (Miele & Gilden, 2004; Miele & Marston, 2005a, 2005b).  More recently, TMAP has teemed with another company to produce tactile maps that have embedded audio descriptions that can be accessed through the Talking Tactile Tablet (TTT) from Touch Graphics, Inc (Miele, Landau, & Gilden, 2006). 

Many people with a wide range of visual impairments do not read Braille and might have problems reading or understanding tactile information.  Furthermore, they might have enough residual vision so that if streets and their names were presented in the proper color, size, and style, users could benefit tremendously by using customizable large print maps.  This would allow people with low vision to participate in the computer revolution of readily available maps and to study a new area, pre-plan travel, and have a portable and usable map to carry and refer to while navigating in an unfamiliar area.  We present ongoing research to automate production of large print maps that meet the needs of individuals who have varying degrees of visual impairment addressing map layout, readability, and simplicity.

TMAP Specifications

Maps produced by TMAP use a geographic database, currently the US Census Bureau’s Topologically Integrated Geographic Encoding and Referencing System (TIGER®) line data.  This file includes the names and locations of virtually all the streets in the United States, which are stored as latitude and longitude point vectors rather than images.  Therefore, no transformation of existing image maps is needed as the tactile maps are produced directly from the data file.   These maps can be customized for line style, scaling criteria, line density of the streets, and street name labeling options.  The tactile maps can be printed out on a user's own braille embosser or produced off-site and mailed to the user.

Digital map files produced by TMAP are based on a universal graphics file format, Scalable Vector Graphics (SVG), in combination with extensible markup language (XML) as specified by the World Wide Web Consortium (W3C).  This standardized data format allows developers, researchers, and other users, to generate digital maps through the fully accessible TMAP website interface and incorporate them in other programs or for other usage. The SVG file contains the X and Y coordinates for each street block.  Besides spatial information, attribute data such as street names, the address range on both sides of the street block, scaling information, and map titles are associated with the map and its underlying geographic information.  By manipulating the display values of these attributes, we have produced visual maps that can present these data in a format that can be used by people with varied degrees of visual impairment.  The size and color of the streets, the size, and color, and font style of street names or labels, and other map elements can all be adjusted for a suitable map density and to be legible for the visual acuity of an individual user.

Large Print Map Production

Websites like MapQuest, Yahoo! Maps, MSN Maps, and Google Maps offer a wide range of options for viewing and printing maps.  However, these maps often have too much detail, fonts are too small, and colors might not be perceivable to those with low vision.  
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Figure. 1: Image from Google Maps of Times Square in New York City.

The above map of Times Square (Figure 1) shows the amount of detail and information from a Google Maps map.  It uses various colors to identify geographic features.  This type of map might have too much detail for a user with low vision to be able to read.  There is a wide range of visual acuity among those who are “low vision,” and we use this map example to identify some of the problems that a low vision user might face.

· Street names are too small. (User might want to enlarge street identification)

· Streets are in two different colors.  (Users might need them all to be the same color or in alternating colors or shades)

· Pastel colors might be hard to see.  (Users might want to color items using a different scheme)

· Grey color to show building footprints might be too light to see.  (Users might want to eliminate this feature or make it more prominent)

· There might be more detail than needed or that would be accessible (The names of all Metro stops and which line they serve are displayed. Users might want to eliminate this information, or highlight only those Metro stops that suit a particular need.  Users might also want to print this information on a separate page using larger fonts.)

· Names of various buildings are displayed in a hard-to-see light grey font.  (Users might want to eliminate these building names or only highlight certain features.)

Changing the map scale or making enlargements cannot solve these problems.  The user must be able to interact with map data to be able to produce a legible map.   An automated system to produce maps for those with low vision should have a user interface that allows the user to customize line width, font style, font size, legend, and labeling style all with a choice of colors for both the background and the other map elements.  In addition, the user should have a choice of how to label the streets.  If clutter is not a problem, the street names could be placed next to the streets like regular visual maps.  For less clutter, street name abbreviations can be shown at the edge of the map with an additional page that lists the abbreviations and full street names in a customizable order.  Users should be able to have pre-selected display preferences with the additional option to change the settings if the resulting map is not as legible as desired.  With this type of system, visually impaired people with various eye disorders will be able to view on-screen and then print a fully customized large print map at any scale that best suits their individual needs.  Based on Smith Kettlewell’s TMAP software and design, we call this project Large Print Map Automated Production (LPMAP).

Street Names and Width
The most important features needed to render maps accessible to low vision users are street layout labels and street name labels.  This may be enough to give the necessary geographic information, and this also serves as a starting point if other features can be included.  We present several samples of how LPMAP can produce maps with various street widths and various font sizes and placement.  
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Figure 2:  LPMAP in black with small fonts.

Figure 2 shows a map printed through the TMAP system and adjusted for large print display with thick black street segments and black fonts.  With all other detail removed, this map would be much more accessible for many low vision users.  However these fonts might be too small for some visually impaired users.  

Map clutter and overlap of print labels can prove problematic when font sizes are made too large.  Figure 3 shows a map where street lines are grey and print labels overlap and clutter the map space.
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Figure 3: LPMAP (100 font) prototype cluttered and illegible.

In order to display large street name fonts without creating clutter, several options will be available to present necessary information.  The current TMAP that produces braille and tactile maps addresses this issue by printing a set of unique abbreviations adjacent to the feature at two edges of the map and presenting a legend with abbreviations and full street names on a separate page.  Abbreviation length can be varied by the user requesting abbreviations that are two, three, or four letters in length.  The user has a trade-off: less clutter and more room for the map space, or abbreviations that are longer in length and easier to understand and remember, but a reduction of the amount of space available for the map.  The same algorithm and techniques can be used when presenting large print maps.  Figure 4 shows an LPMAP prototype with three-letter abbreviations and a separate legend page with complete street names.  

	Map – Page 1

                Legend – Page 2
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Figure 4: LPMAP prototype with three letter abbreviations and associated legend page.

Other labeling options can also be used.  To enable large fonts with less clutter and overlap, street names can be staggered as shown in Figure 5.  For this very large fonts can be used if needed
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Figure 5: LPMAP prototype (72 font) with street names staggered to reduce overlap. 

In some cases, only primary streets or turning points may need to be labeled, or for cities that have sequential street numbers, only periodic streets need be labeled, allowing the user to have very large fonts.  Figure 6 shows the same area with every third street labeled.
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Figure 6:  LPMAP prototype (100 font) with street names labeled every third street.

Color Options

A user with visual impairments should be able to adjust, add, or eliminate color to make a map accessible.  For some visual impairments, certain colors are not legible, and pastel colors like those used in commercial maps might not be perceivable for these users.  In other cases, the use of color to distinguish different streets or labels might add to the legibility and lead to a more accessible map.  Some retinal diseases, like macular degeneration, cause straight lines to appear to bend and intersect.  For those users, alternating colors or shading might prove useful.  If the user can see color well but has difficulty tracking a straight line, more shades or colors can be used to increase legibility.  Figure 7 shows maps with alternating black and grey streets and with four alternating colored streets. 
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Figure 7:  LPMAP prototype with alternating black and grey streets and with four alternating colors.

Reading and tracking a route from a map is much harder with low vision.  It is hard for some users to track a straight line on a map and to read its labels.  Under ideal viewing conditions, with the right lighting or some magnification, the map might appear accessible.  However, when using the map when traveling, the legibility can deteriorate rendering the map much harder to follow accurately.  A good large print map for those with low vision should have an easy-to-follow route with turn-by-turn route information.  Figure 8 shows a map with clear markings that display the origin and destination and arrows and color marking the suggested route. 
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Figure 8: LPMAP prototype with origin and destination in red, route marked with yellow, and directional arrows. 

Future Work

We will be conducting a large survey to determine which features, what amount of detail, and which display options users of large print maps most desire.  Based on user input, we will develop the LPMAP system to fully automate the production of maps based on user preferences and profiles.  We then plan to test the efficacy of LPMAP by conducting user research into legibility, usability, and user’s spatial comprehension of geographic information.  We hope to eventually integrate the display options developed for LPMAP into a user interface that can be used with existing commercial web based map programs.

Summary

Printed and computer displayed maps are often inaccessible to those with visual impairments such as low vision.  User-defined customization is needed so that display properties such as size, color, and font style can be adjusted.  Users should be able to control where the labels for streets and features are located and how they are arranged and displayed.  Users should be able to customize features and detailed information by eliminating or highlighting them for better clarity and less clutter.  We believe the LPMAP is a first step to make digital maps accessible to those with low vision.
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