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1 ABSTRACT

Today cities can be explored easily with the hdlgveb-based city maps. Web-based maps supporalirtu
and live discovery of cities, provide spatial infa@tion and improve orientation. Web-based city mzgs

be accessed either from home with a PC or on tmnkis to mobile devices, which may also be conndate
GPS. However, this is not the case for blind arsbally impaired people. To properly access and view
digital maps is often challenging for this user ugro Therefore, a methodology based on geographic
information technologies is developed to autom#yicggenerate a textual spatial description of thegorfmap

in words) and a user specified interface respedtingequirements of users with visual impairment.

2 THE GOAL: ACCESSIBILITY OF MAPS

Although digital maps become more and more popthary still belong to those elements of the webclvhi
are not accessible to all user groups. So farallisimpaired and especially blind people do not e
chance to fully discover web-based city maps. Oag i make web-based maps accessible for peogte wit
visual impairments is to describe the map in wofdse goal is to develop a semantic descriptionhef t
urban space that can be generated automaticathasworldwide deployment is possible.

The idea is not to navigate the user, but to opernthe chance for the user to navigate himself by
interactively discovering web-based city maps. &ime is to provide a holistic description of the amkspace
which means that the user should be able to dis@s/many attributes of a street section as pestilget a
better image of the city. This image — or mentalpma should include information about streets,
intersections, blocks, points of interest, posstdaases of risk, etc. and their spatial relatioedoh other.
The elements of the map need to be described Emeargic way that is adapted to the requirements of
pedestrians, especially blind and visually impaiveds.

3 STATE OF THE ART

Research activities are rather low and literatsreare in the field of orientation of blind and wédly
impaired people, and their requirements on thegdesf digital maps. So far research and development
activities exist mainly in the field of navigatidar blind people. Navigation systems have been ldpeel
primarily for car navigation and most often areyodownsized for pedestrians without adding special
features. The development of navigation systemgéafestrians is just at its start (Ways4all, Nawhl
Loadstone). Still a weak point is the semantic dps8on of the route as it is not adapted to thedseof
pedestrians and their different requirements. &highy there is a need for deeper research andagauent
concerning this issue.

In addition, spatial information for pedestrians mainly been collected manually which requiresteof
time and financial resources, not only for the datquisition but also for maintenance. Therefoeemantic
spatial description only exists for small areaspfi®o— a project on giving directions in the Vienna
underground stations).

One project which aimed at improving semantics,istiol spatial description, and the development of
automatic methods is AmauroMap. The project waslédnby the Internet Foundation Austria within the
program Netidee between November 2009 and Octob&0.2In the frame of e-inclusion and web-
accessibility AmauroMap focused on accessibilitgigiital maps particularly for blind people. Amaltap
also includes an empirical study on the orientatimid requirements of blind people in urban space. |
addition the project succeeded in developing & firetotype of the “speaking map” which proves ttieg
technical solution is feasible. AmauroMap is atfgtep towards accessibility of web-based maps hwtic
the basis for further development, extensions a&vdideas.
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4 TARGET GROUP

The target group of the presented approach arelgeoth visual impairment that need to be dividetbi
several sub-groups. These are people with low Visggairment, high visual impairment, blindnessdan
colour blindness — the latter almost making up ™% of the population, men being the majority
(Keusekotten 2006). A further sub-target groupldedy because visual impairment increases esppgéial
higher age caused by macula degeneration.

5 THEORETICAL BACKGROUND: COGNITIVE MAP APPROACH

The theoretical background is the “mental map” @rghitive map” approach (Tolman 1948). Each person
has an individual mental ‘image’ (or map) of thereunding which is important for orientation andywa
finding. In this regard Lynch (1960) defines fivieraents of the urban space which are needed for the
creation of cognitive maps: paths, edges, nodefjas and landmarks (figure 1). According to @&dtie et

al. (1996) people develop certain way finding sKilly ‘studying’ the surrounding area and memorisiuge
elements. Basically the description of maps in wdbodilds on this theoretical background and the fiv
elements of urban space.

= ‘

Fig. 5: Elements of the urban space according thiCH (1960). From left to right: path, edge, distrivbde, landmark.

6 TECHNICAL APPROACH

The service is based on geographic informationesyst(GIS) extended with algorithms that can create
semantic spatial descriptions automatically. Thatiapdescription derives from vector data so thédrge-
scale mapping is possible. This method makes iiblesto describe the shape of crossings, blodks,ire
words and in a standardised way. Core of the serigca platform (database). Interfaces can provide
automatic data updates. The semantic and the atedrganerated textual description of the urbanespsmc
created on the server with GIS methods in the rackgl or directly running within. For the mobilersion

the position of the user is identified by the apgion or by the online version, both deriving fr&@®S or
mobile cell locations. The position of the usesesit to the server, where together with the tgsgett of the
user, the semantic description is generated. Tésgsrgption is transmitted back to the mobile deviteere a
voice output of the surrounding with all its attribs is performed. In this case a permanent conuation

link between mobile device and server is required.

The basic geographic data is open data based (@peti8ap). OpenStreetMap data has been created by i
community, is free to download, contains a greaiety of attributes and is kept up-to-date in as$ging
way.

Besides that, the geodatabase is prepared to adsl eract data, for example data provided by thalloc
community governments. As a first sample the Cityienna will provide data as a test region.

The technologies chosen to access the textual batpwscreenreaders or Braille displays for blind high
visually impaired people. Screenreaders are availatimmercially or open source. In addition to téwual
description a visual map for people with lower akmpairment will be developed using SLD (Stylealyker
Description; OGC specification) as well as acoustatse-over systems on such maps.

In this context WCAG 2.0 Guidelines (Web Contentéssibility Guidelines) are of high importance. Sée
are part of a series of web accessibility guidslipablished by the W3C's Web Accessibility Initratiand
aim at making content accessible, primarily forabied users, but also for all user agents, inctydighly
limited devices such as mobile phones.
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Fig. 6: System architecture of the web-based cap m

7 USE CASES

In practice the digital map will apply to severélations: the user can either prepare in advaoc@déw
routes by using the web-based system or can hagssaon the way via a mobile device (mobile phone,
netbook, notebook, etc.).

The main functionality is interactive discoverytbé digital map either at home (preparation) oedatly on
tour. For example does the user want to receivéiadal information about one location and its sumding
(“Where is a certain point of interest?”). The nmpvides information such as address, coordin&tps, of
street (e. g. city centre, residential street, peta street, main road), etc. Another importamesgion is
what is next to this point of interest. The mapwviies information such as public building, supertkegr
house with a certain address, medical facility,ustio traffic light, park/green areas, crossingjese, other
streets, etc. In addition the map highlights po&trdangers for the user which can be main roads, b
crossing, bicycle lanes, etc. Also of high inteiesf there are any assistive facilities in thereunding. The
map provides information such as acoustic traffjbtk, elevators, etc. and the spatial relatiothefobjects
to each other. The information mentioned abovelugys provided for one selected street section. In
addition the crossing(s) that is/are at end of Hakected street section are described to indicatber
possible directions (figure 3). By clicking on antiauing street section, the user moves furthehexmap
and receives new detailed spatial informationhla tvay a holistic cognitive picture of an area barbuild.

crossing
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Fig. 7: Continuing detailed description of select&@et sections and their crossings (selectedtsteetions in blue)

8 PROSPECTS

The presented methodology, to make easier the itoeseb-based maps for visually and blind people,
could be integrated into other existing web-basexpsnand technologies, e. g. audio technologies and
navigation systems for pedestrians. In terms okp&@n navigation the aim should not be to naeighe
user in a linear way from A to B (“turn right aft800 meters”) but to describe the way with thephef
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landmarks (“turn right after the second streeffrimt of the park”). The presented GIS-based mettomy
which can generate spatial information automaticalé well as an improved semantic description,beaan
added-value for pedestrians. The results couldamby be input for further development in pedestrian
navigation but also for optimised design of the welsed map’s user interface, especially when itesoto
mobile applications.
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