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Abstract. Nowadays the way of representing cartographic maps is far away of what has been before. Now cartographers are more interested in new developed technologies and interactive functionalities of maps. This paper represents the most used world popular GIS and cartographic software and shows the advantages and disadvantages of nine cartographic products which were having in mind during the elaboration of an interactive complex tourist map of Australia. For this purpose, the following two kinds software are chosen: ArcMap and Mappetizer for ArcGIS, The major goal of this project is connected to the web mapping of Australia using an appropriate map projection - Lambert conformal conic with two standard parallels. The intermediate purpose is achieved by collecting different types of data and their integration. The compiled map has three zoom levels of an attractive and effective digital visualization, using deep-zoom technology in scale limits between: M1: 30 000 000 and M1: 20 000 000, M1: 20 000 000 and M1: 5 000 000, M1: 5 000 000 and M1: 1 000 000. The amount of cartographic layers is significantly increasing according to the scale factor when moving to a larger scale. The general geographic content serves as a basis of the thematic content and contributes its correct representation. The interactive tourist map of Australia supports the following functionalities: turn on and off individual layers, report object information of ArcGIS layers by identifying tourist attractions, map scale dependent view of layers, view the map in an individual scale, hot-links for e-mail and other URL-addresses (internal and external links for multimedia data such as images and video), map tips, bar scale, coordinate read-out, measurement tools. The designed map is useful for people from all over the world because of many fields of its application like tourism, education, public services, presentation and many others.
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1.	Introduction
We are living in the time when users of cartographical products are using more often computers and Internet possibilities. Cartographers need to develop their products also for web applications or to make so called Web maps. These maps are very useful because the users can share and use geo information through a Web connection without having to install any special software. The users need Desktop, Web browser, or mobile phone to access and use web maps. 
“Web mapping is the process of designing, implementing, generating and delivering maps on the World Wide Web” (Neumann 2008). A major role in this process is implemented by Geographic Information Systems (GIS). 
GIS become more widely used in the modern world by acting as an intermediary between geodetic data and information obtained from other sources. The application of GIS is so rich that it could be limited by the imagination of those who use it (Hammerich 2013). There are many GIS and cartographic software products for creating a map, so the question is which one(s) to be used for effective work and attractive visualization. 
From other side, there are enormous amount of geo-data in Internet. Cartographers need to classify this data and use GIS to proceed and visualize it. As well as web mapping applications provide tools for user-friendly queries in studying this amount of geospatial data (Mac Gillavry 2000). So, there are enclosed some key requirements about combining easy, flexible and attractive implementation of large set of geographical information with reasonable accuracy and the ability to work offline during the whole mapping process. Last but not least it is necessary to have in mind the map application and user requirements. The authorship is also one more reason to assume that each online GIS project has its own tasks and goals.
Web mapping has many advantages in comparison with traditional one: rich mapping and imagery, web services, users potential, cloud computing, data maintenance, non-experts users (Bing 2014). If we add GIS advantages like geo-references, geo-gathering, processing, thematic mapping and spatial data creation and visualization, the web mapping will become a powerful tool for cartographers in data organization, manipulation and delivering clear information to users.
2.	Web Mapping - Different Types of Data Integration
To support all users’ requirements, web mapping technology is chosen for developing of a project – design a tourist map of Australia. The entire process is developed bellow.
2.1.  Web Mapping Technologies
Web mapping technologies consist of solutions with or without a map server component. Server solutions support more data and sophisticated applications but they require complex knowledge of several languages. The first step of the web map process is the choice of desktop software for the data setup. Software platforms with open source code like Quantum GIS or ArcMap could be used. The second part is connected with exporting the data in the World Wide Web. The options are a map server component to be included or eventually its functionality to be replaced by software that exports GIS data and maps into a SVG application as a folder with several XML, SVG, JavaScript and HTML files, which could be stored anywhere. The second case advantage is cost-saving sources for web mapping publications without additional software installation on the Web server.
2.2.  Competitive analysis of web mapping software platforms
GIS and cartographic software have advantages and disadvantages, according to the possible interactive features variety, user-friendly orientation platform, flexible structure, attractive implementation, along with the opportunity for giving an accurate thematic cartographic content. For example, iMapBuilder is a free user-friendly software with clear interface but it is strongly unacceptable according to work with enormous amount of data from different sources. There is no natural and bar scale for the zoom levels. It could be said that this software is more GIS than cartographic one. MangoMap is also very comfortable software for modern map making with disadvantage that could be used only online for all steps of mapping design. This software has many options for settings according to the map type and purpose, labelling style and other ones. There is a guarantee security for the input attribute and spatial data in the system, but their eddying must be done in 14 days for free software usage or after paying for a license. This structure doesn’t allow flexibility in the realization of the cartographic product. Many of the required characteristics and interactive features are covered. The biggest advantages of the software are the mobility and the ability to display correlative relationships. On the other hand, StatPlanet has the most attractive and clear visualization of the spatial and attribute data, in comparison with all other GIS mapping software presented here. The program has two work modes - online and offline. It has various functions for data analysis, building graphics, animation changes over time. Different types of maps could be created by setting the most basic parameters, such as map scale and data accuracy. This software allows vector, raster data, charts and statistics adding. In these cases, however, it is required to be paid for a license to the version that supports the desired and necessary functionalities. Mappetizer for ArcGIS is the easiest and convenient GIS mapping software for exporting maps in the Internet. Its biggest advantage is that the process of map creation is done in ArcGIS environment and the basic settings of the whole GIS project will be stored there. Mappetizer for ArcGIS is both the transition and conversion step of the multiplicity of ArcGIS static digital cartographic products in a single interactive web map. This software interprets the set view (maximum and minimum zoom levels) for each layer/group of layers in ArcGIS. It provides a deep zoom technology that doesn’t allow loss of map visualization quality. There is no fixed limit to the exported data size. This size is different for each project and it depends on the accumulation of the geometry complexity of each layer. Relying on comparison above, it could be concluded that Mappetizer for ArcGIS is the most appropriate software for the web-thematic mapping purposes. 
2.3.  Competitive analysis of web maps
Web cartography involves ideas, discoveries, or tools that radically change our understanding of an important existing scientific or engineering concept or educational practice or leads to the creation of a new paradigm or field of science, engineering, or education (NSF 2007). This opportunity is used by present-day scientists and map-makers for developing of new cartographic products like web maps. “Web cartographers can design effective and intuitive cartographic representation by focusing on the creation of user interfaces, mapping functions, and dynamic map content” (Tsou, 2011). Many interactive web maps have "overlapping" map elements. This disadvantage is avoided by making three separate zoom levels with three generalizations for the mapping territory. Thus, users can gradually get acquainted with the attribute and spatial information, which each map layer carries. This suggests that less map details could be displayed in case of smaller map scale. Otherwise, it leads to map overloading with unreadable information. Thematic interactive web maps represent natural and/or bar scale. Neither of the available interactive maps on the web shows the choice of map projection. All base maps - Google Maps, Bingo Maps, etc. use mainly Mercator projection that is suitable for navigation purposes. The largest number of interactive maps use as base map precisely aforementioned cartographic sources. Almost all cartographic layers on the Internet have data with latitude and longitude coordinates and they can easily be transformed to the desired map projection.
In this project a thematic map is created. This implies a choice of a map projection that is suitable for the mapping area. This rule is not covered for the web maps described below. Therefore, in the project this demerit of the most of web maps is avoided by using of Lambert conformal projection. Thus the accuracy of the map features is improved and the deformations are minimised.
[bookmark: _GoBack]The map layout is also an important part of the whole mapping process. The map elements including in the map design are the frame, title, legend with symbols, map scale, maps inset. These elements are displayed differently in every one of the analysed nine web maps. Table 1 shows their advantages and disadvantages. In general, only one map is visualised and no maps inset are designed. In the presented project the framework is a panel surrounding the map. The title has its location above the map frame. The precise position of all map elements depends on the fact if default settings of the software could be changed. The described software allows these kinds of changes. They could be done in the output script files of the web page containing the final digital cartographic product. In some cases, the legend dynamically hides and shows, while in other ones it has a static visible position like it is in this project. The layout style of the interactive web maps is a consequence of the intention to achieve an impressive visualization of the spatial and attribute data.

	Web maps
	Map Scale
	Math. Basis
	Year of Issue
	Modernity
	Zoom
	Readability

	iMap Builder: „Koalas Distribution in Australia“ (http://www.imapbuilder.com/showcase/features/map-of-koala-distribution-in-australia/, 2015)
	-
	-
	-
	+
	-
	+

	MangoMap: "The Buildings of Manhattan – The correlation between building age and height" (http://mangomap.com/maps/, 2015)
	-
	-
	-
	+
	+
	+

	StatPlanet: "Alcohol consumption per capita – (litres of pure alcohol) among adults (>=15 years)” (http://www.statsilk.com/maps/, 2015)
	-
	-
	-
	+
	-
	+

	Mappetizer for ArcGIS – Example 1: "Countries with the highest energy consumption since 1970 (90% of total global consumption)" (http://www.mappetizer.de/en/examples/world_energy/index.html, 2015)
	+ linear
	-
	+
	+
	+
	-

	Mappetizer for ArcGIS – Example 2: "Municipal district of Schlatterbach" (http://www.mappetizer.de/en/examples/schlatterbach/index.html, 2015)
	+ linear
	-
	+
	+
	+
	+

	ESRI: "Winter Olympic Live Medal Tracker" (http://www.esri.com/esri-news/maps/2014/winter-olympics-maps/winter-olympics-live-medal-tracker, 2015)
	-
	-
	-
	+
	+
	-

	ESRI Bulgaria: "To clean Bulgaria for a day" (http://www.btv.bg/da-izchistim/map, 2015)
	-
	-
	-
	+
	+
	+

	The ultimate travel guide to England  – interactive map (http://www.theguardian.com/travel/interactive/2013/jan/18/map-england-travel-guide, 2015)
	-
	-
	+
	+
	+
	-

	Central Balkan – interactive map with GPS data (http://balkan-map.com/, 2015)
	-
	-
	-
	+
	-
	+

	Mappetizer for ArcGIS –"Interactive Tourist map of Australia" which is subject of description of this presentation (http://cartography-gis.com/imagesbca/australia/index.html, 2015)
	+ numeric and linear
	+
	+
	+
	+
	+


Table 1. Competitive analysis of web maps (according to map scale, mathematical basis, year of issue, relevance, zoom, readability).

2.4.  Used software platforms ArcGIS and Mappetizer for ArcGIS
On the base of the competitive analysis of web mapping software platforms (described in 2.2.) the following software is chosen for final project realization.
· ArcGIS is a 'family' of software products that provide means for collecting, storing, updating, processing, analyzing and displaying all forms of geographically referenced information.
· Mappetizer for ArcGIS is an extension for ArcGIS that export GIS data and maps into a SVG (Scalable Vector Graphic) application. „SVG is a XML-based file format for describing two-dimensional vector graphics which can be both static and dynamic“ (Uismedia 2014). While image data is displayed mostly as GIF, JPEG or PNG files, the spatial and attribute data are converted into the SVG format. This visualization of graphics is infinitely zoomable without possibility for loosing cartographic quality. The file size is small enough to be loaded fast in a Web browser. Like in ArcGIS, a link between the attribute and spatial data exists, so individual features can be identified. Most of the settings can be done within the ArcGIS, where after could be additionally refined in Mappetizer for ArcGIS. The final step is the project exporting in a web page as a folder with several XML, SVG, JavaScript and HTML files. It can be stored anywhere - on a local machine, on CD-ROM/DVD or on the web without using any additional software on the web server. In the project many interactive features are used: map navigation tools, turn on and off layers, report object information, search objects by name, natural/bar scale in dependence of view of layers, view the map in an individual scale, hot-links for URL-addresses (images and video or e-mail), map tips, coordinate read-out, measurement tools and etc.
2.5.  Steps of creation of the Interactive Tourist Map of Australia
Firstly, for the development of the Interactive Tourist Map of Australia, qualitative and quantitative selections of heterogeneous data types are made: vector, raster, text and other classified data:
· Vector Data 
· topographic map of Australia at a scale of M1:250 000 with GDA’94 coordinate system and data - geographic latitudes and longitudes (Geoscience Australia), reducing 10 themes and 92 feature classes to 7 themes and 19 feature classes;
· *.shp files with larger nearby territories around Australia with WGS’84 coordinate system and data - geographic latitudes and longitudes (Global Administrative Areas), choosing Indonesia, Papua New Guinea and Solomon Islands from 556 049 administrative areas all over the world;
· Raster Data (images);
· Text Data (object attributes);
· Other classified data (hyperlink technology as a multimedia reference system).
The next step is a bringing of heterogeneous data types together into a single cartographic product. The choice of an appropriate map projection is a Conformal Lambert Conic projection with two standard parallels. It is used for the whole territory of Australia because it is located in the middle latitudes of the Southern Hemisphere along the parallels. This projection contributes to a better distribution of the map deformations. A conversion between vector and raster data is also made. The result is hypsometric tinting Digital Elevation Model, using the bilinear interpolation to ensure a smooth transition between the different height classes in their visualization. The deep zoom technology ensures the preservation of the map quality and allows creation of different level of details (LODs). In this case, there are set three LODs of the map content in scale limits, as follows: M1: 30 000 000 - M1: 20 000 001, M1: 20 000 000 - M1: 5 000 001 and M1: 5 000 000 - M1: 1 000 000. The main reason for making this decision is the need of correct visualization when passing from one to another level. During this process, the map elements of the general and thematic geographic content of layers with the output data (Table 2) are subsequently reduced and generalized in exact order. Two types of generalization are used - manual and automatic.

	General Geographic Content
	Thematic Content

	Mathematical basis
	Relief (hypsometric tinting)

	Main lands and Nearby territories
	Prohibited areas

	Australian islands
	Prohibited areas

	Large area features
	Highest mountains 

	Hydrographical network
	Significant rock features

	Road network
	Beautiful lakes

	Populated places
	Significant waterfalls

	Airports
	Amazing caves

	Harbours
	Best beaches

	Continental extreme points
	Top ten golf courses


Table 2. General and thematic geographic content.
Two examples concerning map generalization are listed below:
· Only the major roads are chosen from the layer with detailed represented roads by the option: “Select by attributes” with respect to their class. Additionally thereafter some parts of the road network are removed manually in order to retain only those roads that connect the most popular Australian cities (Figure 1).
[image: ]Figure 1. Generalization steps about road network.
· [image: ]The output compressed geographical network of parallels and meridians depicted in 15´ is reduced by increasing the distance between them to 5° (see Figure 2);
Figure 2. Generalization of geographical network of parallels and meridians.
The final step of the web mapping is connected with the map layout and the added interactive features. The created web map has the following attributes and functions: natural and bar scale, measurement functions, options for identifying tourist attractions (through video, pictures and text) and searching for routes by defining a user request with a respect to their name, along with information about the length of road and time for travelling.
2.6.  Overcome and unsolved web mapping problems
The thematic map content is chosen appropriate, and the addition of photographs via hyperlinks gives useful user information. The interactive functionalities allow users to get information about the tourist attractions. Users can use also the search function for planning their trips along the country. However, the settings of some of the attribute and spatial data are hardly achieved. Some examples are listed below:
· The routes that have common segments are an offset to avoid the road network overlapping from different layers (roads and railways), i.e. they are represented as parallel lines;
· The labels of the mapping elements in ArcMap are set with specific parameters and placed at fixed locations, so that the map could be easily readable. However, after their export with Mappetizer for ArcGIS, some of the settings are "lost" and the result is a reversal of the inscriptions, together with a change in their font size. Therefore, to avoid this disadvantage and to achieve a better visualization, the locations and font sizes of the inscriptions are "artificially" mistaken in ArcMap, to be submitted true after exporting the map. A conversion of labels to annotations is made in order to be avoided their overlapping;
· The map elements’ overlapping is overcomed by separate generalization of each zoom level. 
Generally the map is functional, clear and user friendly. The map was sent to Australian users from the field of cartography and GI science. The positive comments will not be discussed here. Most important comments are recommendations and problems that users raised. This could be considered as future works for web-mapping process improvement and better understanding of the final product (Table 3). Some of them could be used in improving the map or for future mapping endeavours.

	Map features
	Improvement description

	Usability
	The initial map load, cursor, navigation and feature response could be sped up by additional generalization of the geometries of vector features. 

	Web Browsers
	The correct graphical representation of the labels should be valid for all web browsers, not only with Mozila Firefox as it is currently.

	Labelling
	An association of the annotation groups with their corresponding feature layer could be created so the text could be automatically turned on or off when layer is turned on or off in the table of contents.

	Scale
	The repetition of data in the legend between the three zoom levels could be removed. It would be neater if the legend dynamically updates as the user zooms so that only the relevant group of symbols is displayed and those that aren’t applicable to the current map view disappear or are minimised (instead of being greyed out).

	Features
	· Routes: Users could be allowed the capability to manually choose the start and end points;
· Search: It would be useful for users to search for locations. It may be able to be achieved via the Query Builder functionality;
· Photos: They could appear in popup windows on the map instead of in the table of contents area.

	Other
	· It’s nice for the users to have two coordinate options, with the coordinate read-out in projected coordinates and latitude/longitude also displayed on the map when zoomed to the full extent. It may be helpful to be displayed the names of the coordinate system used somewhere on the map;
· The accuracy of the data ranges from 50m to 4km. In the project three decimal places are used for the coordinate read-out and two for measurement results in the map. Given the accuracy of the data, it would be better if removing the decimal places as they suggest a higher accuracy than is actually presented in the data.


Table 3. Future works for map improvements.
3.	Conclusion
The used available materials, their selection and consistent generalization contribute to the creation of the web interactive tourist map of Australia with the necessary cartographic quality and credibility (Figure 3). 

[image: ]
Figure 3. Different scenes of the web interactive tourist map of Australia.

However, a recommendation on subsequent further development is the creation of one more zoom level. In this case, some of the objects could not only be indicated with symbols but they could also be labelled. This could be referred to the generalized symbols which could be replaced with single ones.
The functionality of the interactive tourist map of Australia connected with searching for routes (from a list in the form of a drop-down menu) operates under user selection. The result of the selection leads to visualizing and zooming the selected road section, as it stands out from the others in colour terms (Figure 4).
The hyperlink technology for creating a multimedia reference system is supported with pictures (in terms of caves, lakes, waterfalls and rock features) and with attribute information (associated with the names of caves, lakes, waterfalls, rock features, beaches, nature conservation reserves, train and ferry lines) – Figure 5.


[image: ]
Figure 4. Searching for routes in web-map of Australia. 

[image: ]
Figure 5. Hyperlink technology in web-map of Australia.

Ultimately, impressive map visualization with the necessary interactive features is achieved corresponding to the thematic web mapping needs. The interactive tourist map of Australia is intended for a wide range of users with various expectations because “among the different forms of web mapping applications, the interactive sites have gained the most interest and financing” (Peterson, 1997).
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