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Abstract. Web maps are very useful assistants nowadays and in combination with smartphones and other portable devices they often replace traditional paper maps. They are able not only to visualize areas or points of interest, but also to navigate or recommend appropriate objects or routes (including indoor space). The help of a map is even more important for disadvantaged people, because contrariwise ordinary paths and entrances, entrance paths for disadvantaged people are much less readable in the field and furthermore these paths can vary according to disadvantage type. 

Therefore the project introduced in this article aims to create a web map of the university buildings particularly for disadvantaged students. Such a map was constructed for providing as disadvantage specific information in a clear, easily readable form. The first step in the map creation process was data collecting. It consisted of gathering data mainly about building facilities (using a survey) and their interconnection to existing spatial data. Subsequently the combined data sets were validated. After the data validation, the data were processed (using XML based technologies) according rules of data transformation to assign appropriate map shape and style to the data. Finally, there was a stress put to adjust design of the map to the need of it users, particularly the map easy readability, interactivity and suitable management. As a result, the methodology of data processing as well as the map of university buildings spread in the Plzen city centre, university campus and also in the town Cheb (100 km northwest of Plzen) was created.
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1. Introduction

Disadvantaged students or students with special needs constitute an integral part of the academic community of the University of West Bohemia (UWB, www.zcu.cz) in Plzen (the Czech Republic). The university enables equal conditions for all students. Therefore this group of students can use special services and tools provided by various university institutions, above all through the Center for Consulting and Support Services (IPC, ipc.zcu.cz). The services include consultations, assistance or possibility of use specific aids (e.g. magnifying glass for TV).

In 2013 the centre together with the Geomatics section of UWB (gis.zcu.cz) started to prepare the new aid tools for better orientation, localization and navigation of disadvantaged students (but also employees and visitors) in the university buildings which are spread among the Plzen city centre, university campus and also in the town Cheb (100 km northwest of Plzen). The application is based on the multi-layered web map (the particular methods, technologies and important components are described in the following parts of this article).

This paper wants not only to present the detailed map of UWB buildings focused on students with special needs (www.ropov.zcu.cz/bezbarierova-mapa-zcu). Its main task is to present the methods of the map creation, discuss and conclude the specifics of the map development, including data collection, evaluation and processing (partially based on crowdsourcing approach), design of map features and incorporation of existing technologies and information resources. The paper has to show that the development of web map application is not just a challenge for technology experts (being able to compose different libraries, pieces of code or widgets). But also cartographers, contract owner and real user needs to cooperate very closely.

To present our development and research clearly and comprehensibly the article is divided into six chapters:

1. Introduction (an outline of research, motivation and article structure),

2. Methodology (list of used cartographic, technological as well as data collecting and processing methods; connection to previous research),

3. Data (internal data, linked data, used formats and their benefits),

4. Software and Technologies (introduction of Leaflet library and XSLT /Extensible Stylesheet Language – Transformation/ templates and transformations),

5. Resulting map (detail description of concrete map elements and feature),

6. Conclusion (summary of present knowledge and experience).

2. Methodology of a map development

The whole process of map development could be divided into three fundamental steps – data collection and evaluation, data processing and construction of the final map.
2.1. Data collection and evaluation
Data collecting step is represented by the interconnection of background data (details in the sections Data and Resulting map), existing spatial data and information about buildings of UWB and new knowledge found by the survey in the buildings. The final data has been constructed on the basis of rules for spatial data harmonization and integration (e.g. in Reitz & Templer, 2012 or Janečka et al., 2013).

The data on particular buildings collected by IPC experts was evaluated by disadvantaged and handicapped students, who checked all important facilities and corrected the descriptions of buildings. Such process is in harmony with actual trends to build applications using bottom-up approach and together with users (user driven approach – inspired by Living Lab methodology, e.g. in Bergvall-Kareborn et al., 2009).
2.2. Data processing
The original data were given as text documents and subsequently manually georeferenced (connected with spatial information) and transformed to the application data model (see Figure 1 and the section Data). During the data collection and evaluation process, the data are stored in a XML (Exntensible Markup Language) based data format with their own XML Scheme (see details in the Data chapter). The main reason for the XML format is human readability of the format and therefore the possibility of efficient and fast data adjustment and also for more simple communication with a data provider (which is not a spatial data expert being able to deal with an advanced spatial data format).

After the initial collection and evaluation of the data, the data are processed to fit a resultant structure and format suitable for a web map. First of all, the data were transformed from the XML data set to the GeoJSON (JavaScript Object Notation) data format (as the publication format) and to the complete application (in the form of interconnected web pages) was realized by XSLT 2.0 styles (Kay, 2007). This process has been applied, tested and improved by authors in many cartographic projects in the Geomatics section (e. g. Atlas of International Relationships – Waisová et al., 2007, VisualHealth – zdravi.geogr.muni.cz, plan4business – www.plan4business.eu). There are also many research papers and articles described implementation of XSLT in the cartographic products generating process – e.g. Harrie, 2002, Gbei et al., 2003, Čerba, 2010 or Čerba & Čepický, 2012). All these materials were used as resources of ideas, inspirations or experience.

The approach based on the XSLT templates interconnects the input data to the style containing the rules of data transformation, but also harmonization, integration, visualization and construction of a web page code depending on values/attributes of the data. Both types of inputs (data and styles, where both formats are based on XML) are processed by the transformation processor (details in the part Software). The processor produces final web pages including the map (see Figure 1).
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Figure 1. Data processing scheme.

2.3. Map Application Design

The third part of the methodology is focused on the adjustment of the map (and the whole web application) to the needs and requirements of real users which means disadvantaged students. This work proceeded from the previous research of the authors that had been focused on

· construction of maps related to health and medical data and information (project VisualHealth, see Štampach et al., 2010), 

· on development of appropriate colour scheme for colour-blind people (see Špicelová & Čerba, 2008),

· common testing of readability and interpretability of thematic maps (Čerba, 2013, Musilová, 2013).

The adjustment to the real user needs and requirements is represented by many small single steps. The most important ones are mentioned below: 

· transformation of original colours for accessible and inaccessible buildings (green and red, that express “go” and “stop”) to the blue and red, which are used in the domain of handicapped people. This impulse resulted from user testing.

· change of colour scheme and contrast of the complete application to suit user with eyesight disorders.

· adding of black and white background map, which does not have so many disturbing effects to people with eyesight disorders.

· simple and accurate tagging (e.g. captions of graphical elements) of web pages to be in conformity with requirements of automated readers.

3. Data

The Web Map of Buildings of the University of West Bohemia for Disadvantaged Users presents the data collected by the Center for Consulting and Support Services (detail description of data gathering is in the section Methodology) on the basis of various background maps.

The input data uses a hierarchical XML structure (XML schema) which respect the natural tree structure of the data. It includes two main objects. The XML element “object” represents the main feature, which is a building or building block (see the code example below). This feature contains several attributes – latitude and longitude (as the decimal number in the World Geodetic System 84) and equipment focused on handicapped students as the list of components separated by commas. The components are selected from closed vocabulary containing items such as parking place for handicapped, elevator, barrier-free entrance etc.

Every “object” class includes one or more classes called “institution”. They represent parts of the university (e.g. libraries, faculties or residence halls). Each institution is described by its name and identification code. This code also refers to a particular self-standing XML file containing detailed description of each building.

<object lat="13.3" lon="49.7" equipment="elevator, parking, barrier-free entrance">

<institution name="Faculty of Applied Sciences" id="FAV"/>

</object>

The data is kept in the XML format for more efficient and faster adjustment and also for more simple communication with a data provider. The XML data are transformed to the GeoJSON format before its visualization. There are several reason supporting this process

· better serialization, smaller size of data, that influences speed of data transmission, 

· native support of GeoJSON in Leaflet.

As the background the tilled maps connected to Leaflet are used. Users can select terrain map, street map of photo map from various providers such as ESRI or OpenStreetMap. There is also the Stamen Watercolor map (maps.stamen.com/), that is not as accurate as traditional maps, but for more users it is more attractive. There is the main problem of background maps – their heterogeneity and frequency of updating. It is the reason why new objects of the UWB (e.g. Building of the Faculty of Art and Design in the university campus) are not displayed in some background maps. As example see the Figure 2. In the below (older) map several objects (the building of the Faculty of Art and Design on the left side, university library – triangle building on the middle top part or highway on the right side) are missing.
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Figure 2. Comparison of two background maps (OpenStreetMap on the top, ESRI satellite map at the bottom).

4. Software and Technologies

The map development required several pieces of software that could be divided into four main groups – XSLT processor, editors to code, data and styles (templates), libraries used in the map and common software such as web page browser or vector graphics editor.

As the XSLT processor the Saxon-HE 9 (http://saxon.sourceforge.net/) was used. This processor is developed in Java (and also a .NET version exists). It supports following W3C (World Wide Web Consortium) standards – XSLT 2.0, XQuery 1.0 (XML Query Language), and XPath (XML Path Language) 2.0. The XSLT processor procures two parts of map development process (Figure 1) – the transformation of source data in a XML format to GeoJSON and generating of the map interface – interconnection of HTML 5 (HyperText Markup Language), CSS (Cascading StyleSheets) and the Leaflet library.

What is a proper editor to code XSLT templates and XML input file? The answer is very simple – you can use any software being able to work with plain text. But some text processors have advanced features which could help to coders. These features include for example highlighting of markups, dealing with XML schemas (validation through internal or external validators) or auto-completion of open tags. Users can select from broad set of commercial or free products, including WYSIWYG (“What you see, is what you get”) editors (e.g. Xopus, oXygen). Authors selected the editor Geany 1.22 (www.geany.org/) in which the data for presented map and transformation templates were processed.

The Leaflet library (http://leafletjs.com) represents the important piece of software used for the map presentation. Leaflet is a JavaScript library for interactive maps. There are many benefits of the Leaflet – open-source licence, mobile-friendly approach, small size, simplicity or performance. Many data resources such as a WMS (Web Map Service), GeoJSON or KML (Keyhole Markup Language) are supported natively or by free plug-ins. Similarly to the selection of proper editor there are also other technologies for maps presentations e.g. HS Layers, Open Layers or Google Maps API. The paper Roth et al., 2013 compares selected approaches (its conclusion served as the important opinion to choose the Leaflet for described application). 

The groups of common software includes web browsers, graphic editors or office packages. The map views are designed to be used above all in the desktop web page browsers. The tests were realized in various versions of all major browsers such as Chrome, Firefox, Opera or Internet Explorer.

The icons and map symbols were created in the open-source editor Inkscape. Authors intense was to draw such symbols which are integrated, imaginative and matching the whole map and application design. Moreover the icon uses characteristic pictogram expressing particular activities or features.

5. Resulting map

The map application is composed of two main parts – the overview map of the city Plzen with majority of university buildings (except building in the peripheral parts and town Cheb) and detail maps with information of particular buildings.

The map home page (Figure 3) contains the overview map view with the background map. There is the OpenStreetMap used as the background map, but users are able to choose another map from the list in the top right corner. The list includes various external maps such as satellite maps provided by ESRI or Nokia or black and white version of the Open Street Map. Except the control button being able to change background layer there are another control elements (top left corner) – zoom in and zoom out the map.

The core layers contain the icon symbolizing the buildings of UWB. There are two types of symbols representing buildings – blue (buildings with a barrier free access) and red (buildings without a barrier free access). After click on the icon users find further information expressed by icons (Figure 3) and link to the detail description of each building.

The home page includes not only the map view, but also the title, simple menu, legend (an explanation of the meaning of map symbols), information about map and the complete list of university buildings. Users do not need to search the building on the map, but they can find the name of building or institution and skip to the concrete web page focused on the building or institution.
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Figure 3. Home page of the map application.

The second component of the application is represented by the web page of particular institutions or buildings. It includes the small-size detail map of each building (same as in the large map in the home page), address and text description of particular limits and facilities (Figure 4).
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Figure 4. Example of page presenting one institution.

The map looks very simple – which was the author’s intention. It is necessary to realize that the map development has been connected with huge number of modifications to reach the intention – to make the work with map more pleasant and simpler to read for the target group – disable users. Therefore the modifications included for example changes in contrast, adjustment of icon colour or using the standardized, well-marked and noticeable symbols.

6. Conclusion

This article has to introduce the web map presenting the accessibility of particular buildings of the University of West Bohemia in Plzen (Czech Republic). As it was written in previous paragraphs the map is the join project of the Geomatics section (cartography, map programming, data integration) and Center for Consulting and Support Services (data collecting, updating and evaluation) of the University of West Boemia. The map is based on the W3C standards HTML 5 and CSS, GeoJSON data format and Leaflet Javascript library. All data transformation tasks were realized by XSLT templates.

The alfa version of the map is completed now. Its iterative development took about one year. In a particular draft version the data model was changed (from a flat model to a tree structure). There were also other important changes - data format change from KML to GeoJSON and client library change from Open Layers to Leaflet (both changes were interconnected to reach faster and simpler data processing and visualization).

The authors prepare some improvements for next map versions. The improvements  have to include clustering of map symbols in the low level of zooming, development of mobile solution, more tests in browsers, including less usual (e.g. Opera, Safari) and also older but still supported versions of at least all major browsers, more published data and information, incorporation of user feedback, more multimedia (the contemporary version contains audio records of description of each building and video record of description in sign language for selected buildings) and VGI (Volunteered geographic information), relations to Linked Data and Open Data, including results of international projects such as SmartOpenData (http://www.smartopendata.eu/), SDI4Apps (http://www.sdi4apps.eu) or Open Transport Network (http://opentnet.eu/), providing final data as RDF, implementation of an open licence (e.g. Creative Commons), English and German user interface or possibility of switching of styles according to requirements of different types of disabilities.

The map has to serve above all to students with various disabilities. They have to be able to find information about concrete building, e. g. if it is barrier-free or if there are several facilities such as elevators or possibility of refreshments. The map can also promote the university as the friendly school for handicapped students.

From the technological point of view the map represents a modern web solution combining various data resources, including local survey, and presenting data by interactive and understandable way. Moreover thanks to used technologies and standards the map is open and accessible also for modern data mining technologies and third party developers.
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