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Abstract

This paper discusses research results at the Vienna University of Technology developed during the realisation of the prototype of Austrian national online atlas information system NAIS – ÖROK Atlas Online. It will focus on technical restrictions of the screen as an output medium and the principles of scale-adapted cartographic data preparation in a system which is relying on cartographically improved map graphics suitable for both screen visualisation and high quality printing. By establishing connections between the two media, a method for the production of adequate paper maps in a high graphical quality directly from screen visualisation was developed.

1 introduction

“ÖROK Atlas Online” - Atlas Information System Austria (AIS Austria) – was a cooperative research and development project for the construction of an interactive and multi-media thematic atlas of The Austrian Conference on Spatial Planning (ÖROK).  

One of ÖROK’s principal tasks is to publish the “Austrian Spatial Development Concept” which is revised generally every ten years. Based on the last concept of 2001, embedded in projects there are ongoing studies and research on spatial development policy in Austria which are issued in a special publication series. One of them is ÖROK Atlas (Fig. 1). 
The ÖROK Atlas Online is a web online system which enables the user – laymen and experts – to explore national and international (European) basic geo-data. Users have the possibility for searching, comparing, analysing and visualising the data. The system allows the cartographical visualisation of geometry and statistical data from the elementary geo-data pool in different map scales and in a high quality. Graphics, statistics and texts were accessible as well as queries of the data base over the interactive map based graphical user interface as a communication portal.
Further in this paper, research results at the Vienna University of Technology developed during the realisation of the prototype ÖROK Atlas Online will be applied by defining in general the characteristic of an interactive and online National Atlas Information System (NAIS).

Therefore, the once passive user of a map becomes an active manager in geographic information acquisition and visualisation (Fig. 2). The role of cartographers as designers of NAIS has also changed. They become responsible not only for transport of cartographic legible screen information via Internet, but also for all applied technological functions which allow the user to communicate online with the system involved in so called cartographic communication process (Lechthaler 2004). 
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Figure 1: Thematic map from the analogue ÖROK Atlas.
By designing NAIS, the system designers also take responsibility for restrictions in terms of what is not accessible or useful. So the user cannot get any model by his interaction with the system. This would soon lead to useless and illegible visualisations of topographic as well as thematic data. It is important to limit the range of possible interactions to reasonable functionalities. This has been done without making the user feel restricted. Therefore this form of navigation and system logic is called "restrictive-flexible" (Gartner et al. 2005, Lechthaler et al. 2006) and has to been considered by the editorship.  

The map graphics pose as an essential part of the graphical user interface that enables the user to investigate the provided geo-data. It will focus on technical restrictions of the screen as an output medium and the principles of scale-adapted cartographic data preparation. 
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Figure 2: The complex cartographic communication process in an NAIS. 

Therefore, the cartographic design issues play an important role in NAIS. They are essential for successful perception of graphical environments, reading and decoding of map information with the goal of meaningful and effective geo-communication. 
Using legible map graphics in NAIS which are adapted to the technical requirements of the output medium is one of the main criteria for user acceptance. Today, the NAIS has to present a hybrid system which allows a cross-media publishing. A hybrid system is relying on cartographically improved map graphics suitable for both screen visualisation and high quality printing. Map graphics for the screen and printing medium differ in visualisation depending on the output medium resolution.

By establishing connections between the two media, a method for the production of adequate paper maps in a high graphical quality directly from screen visualisation as an integral part of the system will be shown. 
2 the repute OF atlas information system

An atlas map work is defined as an intentional combination of maps. It is used to locate basic geo-data, i.e. space referenced objects and phenomena. Therefore, it is very important that visualised objectives reproduce geo-spatial patterns related to the physical, temporal or socio-economic human environment. 

In accordance to formal and relevant features, the cartographers make distinctions among the atlases with regard to: 

· output medium and presentation form (paper, haptic, electronic and multi-media atlas), 

· thematic contents (complex thematic atlas, special atlases),

· format and content size (giant-, hand-, book- and pocket atlas),

· user oriented (atlases fulfilling individual and group-specific demands and with general 
     educational value) and

· representation area (world-, countries-, regional-, town-, space-, moon atlas).

Beside the traditional classifications of atlases, nowadays they are classified more specifically. Considering the level of interactivity and the analytic potential digital atlases could be classified in (Elzakker (1993), Kraak et al. (1996) and Ramos et al. (2005)): 

· view-only atlases (print-only atlases or digital static maps without interactivity or dynamics),

· atlases with generated maps on demand (interaction with data set, changes of colour schemas, classification methods or number of classes) and

· analytical atlases based on GIS capabilities (queries to the databank through map as a graphical interface, in addition to provided map possibilities to create, analyse and visualise new data sets).
The changes towards the user as designer and author of NAIS as well as of web created geo- and cartographic information is increasingly prevalent in the information and communication community. The wireless Internet access through divided networks makes the status of geo-information domain “always on”. Therefore, this opens a quite new horizon in the way we present the geo-space. Anybody can access and provide geo-information. This results also in formation of world wide tool, knowledge and experience communities with the aim of creating a cyber, community atlas, whose author is the user self (Pulsifer et al. 2007).  
3 Concept of hybrid system design of NAIS

A national atlas is the cartographical calling card of a country (Hurni 2004.) Unlike the topographical maps of the country national atlases convey in addition thematic information based on a consistent succession of map scales.

In the process of cross media publishing hybrid system design allows the cartographical visualisation of geometry and statistical data from the elementary geo-data pool for different output media in a high quality. The NAIS maps were primarily adapted to the technical requirements of the output medium screen.  But today, the user acceptance increases, when the hybrid NAIS allows also high quality print outputs. 
Due to this focus, cartography has to fulfil the obligation to achieve both – the creation of cartographic presentation forms for the new media and the acceptance of responsibility for understanding the deep relationships within the whole cartographic communication process, which includes the user, the models and the data transmission (Fig 2). 
3.1 The meaning of NAIS

A number of electronic national atlases has been produced within the last twenty years (Ramos et al. 2006). Due to the new potential of the global net, national atlases become more and more important in society. Ormeling (2001) defines the concepts for multimedia national atlases and points at the new meaning of the web atlas map as an interactive interface, through which one can reach the current elementary geo-data portal (sub-national, national, trans-national and global data bases). Naturally, there are many still unanswered questions, especially regarding global as well as national policy (Hampe et al. 2004, Hardin 2006). 

As an example of national multimedia atlases, the following atlases have to be mentioned here (no claim to be an exhaustive list): National Atlas of Canada [1], National Atlas of the Federal Republic of Germany, Atlas of Switzerland [2], National Atlas of the United States [3], National Atlas of Sweden [4], Online atlas of the Netherlands, Statistical Atlas of European Union (Ramos et al. 2006) as well as a few prototypes like GeoInfo Austria  (Kelnhofer 2000) (Fig. 3) and ÖROK Atlas Online [5].
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Figure 3: Thematic map from NAIS prototype GeoInfo Austria (Kelnhofer 2000).

3.2 Interactive atlas map as a user graphical interface

The communication of geo-information, facilitated through NAIS, is generally based on the use of maps as a user graphical interface, which not only restricts the visual recognition patterns, but the presentation of the earth’s surface too. The information exploration via map based interfaces is not static, but dynamic and depends on applied interactive tools. 
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Figure 4: Sphere of cartographic potential and the plane of geographical reality (Cartwright et al.  1999; Content changed with permission of the author).

The tools and even the interactive system functionalities (Fig. 4) closely linked to general web browser functionality allowed the user to make queries to the database and to select the data variable to be visualised. Often the users need their own result displayed with own map symbology (Lechthaler 2004, Persson et al. 2005). So, the new web technology and lower equipment costs have allowed everyone, even those without cartographic knowledge, to communicate and visualise the geo-information by producing their own cartographic products. 
More than ever, there is the need to apply rigorous cartographic principles, good design techniques and skills with the aim of making the communication of spatial information with NAIS richer and more efficient. Users – laymen and experts – define, depending on their aims and their experience, their own form of geo-communication based on cartographic visualised geo-space individualised (Gartner 2005), personalised (Meng 2002) and egocentrically (Meng 2004). 
3.3 Role of cartographic design in a hybrid NAIS
The cartographic concept of the NAIS shows some essential considerations and decisions that are fixed in the start phase of editing such a map work. It will focus on technical restrictions of the screen as an output medium and the principles of scale-adapted cartographic data preparation in a hybrid NAIS. Using legible map graphics which are adapted to the technical requirements of the output medium (Neudeck 2001) is one of the main criteria for user acceptance. By establishing connections between the two publishing media – screen and paper –  a method for the production of adequate paper maps in a high graphical quality directly from screen visualisation was developed.

The visualisation of NAIS maps according to the characteristic sheet results in deformations of the map face caused by the technical restrictions of the screen. Due to these restrictions, screen presentations suffer from deformation of the graphic elements that limit the legibility of the map (Lechthaler et al. 2006). That is why the adaptation of these map graphics is imperative.
In this respect minimal dimensions play a crucial role. Their definition is highly connected with the resolution achieved on the screen. When producing a digital map, the device-independent pixels (of which graphics are internally composed) have to be converted into those output pixels one can see on the screen. The number of output pixels defines the resolution of the screen. It is the most important restriction of this output medium. Other restrictions are the form of output pixels, the colour depth, image interferences and the refresh rate. 
The average pixel size lies between 0,2mm x 0,2mm and 0,4mm x 0,4mm and the average printing resolution is about 0,1mm. According to this the screen resolution is about 2-4 times lower than the resolution of the printed map.
3.3.1 Minimum dimensions

When changing the scale of a map to a smaller scale, the representation of objects diminishes until it is not legible any more. Therefore the size of the objects which are yet legible is of great interest (Stadler 2004).

Minimum dimensions are minimum values for the perception (or legibility) of graphic elements (respectively map elements) concerning their size and distance from each other under normal conditions of perception (Bollmann et al. 2002, Spiess et al. 2002). They depend on two factors:

· the aligning power or resolution of the human eye – 30 cm reading distance (paper) bring aligning power of 0.05mm; 60 cm  reading distance (screen) bring aligning power of  0.1mm and

· the restrictions of the used output medium and/or the efficiency of the used map production techniques.

Concerning the definition of minimum dimensions, it is important to remain above these values. The technical limitations for printing cause a minimum line width of 0.1 mm. Presuming an average reading distance of 30 cm, the value is twice as high as the aligning power for this distance and therefore suitable as a minimum dimension. Due to the coarse resolution, the minimum dimensions for screen representations clearly have to be higher – depending on the average pixel size. This deliberation was applied by creating the graphical roles for cross media publishing (Tab. 1). 
	
	Minimum dimensions for paper
	Minimum dimensions for screen

	Line width
	0.1 mm
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	1 pt
	0.4 mm
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	Line distance
	0.2 mm
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	2 pt
	0.8 mm
	


	filled square

	0.3 mm
	
	3 pt
	1.1 mm
	

	filled disc 
	0.4 mm
	
	4 pt
	1.5 mm
	

	filled rectangle
	0.3 mm x 0.6 mm
	
	3 pt x 6 pt
	1.1 mm x 2.3 mm
	

	horizontal font 
	5 pt = 1.9 mm
	writing
	10 pt
	3.8 mm
	Verdana

	curved font 
	7 pt = 2.6 mm
	writing
	14 pt
	5.3 mm
	Verdana


Table 1: Restriction of map design in cross media publishing.

Those recommendations are specifically focussed on thematic maps, but they also are valid for topographic data. In the following, the author will concentrate on the representation of topographic data in a NAIS. 
4 cross media publishing within A HYBRID Nais

When thinking about a definition for map graphics, the dual character of the system has to be regarded. The system should provide visualisations suitable for the screen as well as high quality printouts. These two output media differ in terms of technical and formal restrictions. To stay legible, adapted map graphics have to be used in both cases. 
Automated generalisation is yet not possible. Therefore, each map-geometry (topography) can not be derived on-the-fly in individual scales (Edwardes et al. 2003, Brunner-Friedrich at al. 2007). Consequently, it is necessary for a NAIS to define, visualise and harmonise geometry data in series of fixed scales, which has to be cartographically processed in advance. Each of those scales represents the real world in another spatial resolution. The visualisation of thematic data in NAIS bases on selected topographic objects, which are scale and screen adapted.  
 In consideration of the basic rules of screen adapted geo-visualisation, Lechthaler et al. (2006) developed a recommendation for the characteristic sheets for the succession of scales: 1:250k (the basic scale of NAIS), then 1:500k and 1:1mio. Deformations of the map graphic by screen restriction should be kept to a minimum, which is why only limited zoom areas within a scale level should be allowed. The screen adapted map graphics should guarantee a high quality presentation of the cartographic objects and phenomena on screen. 
Besides the presentation on screen, modern users also expect an analogue output. When designing a map for the presentation on screen, significantly higher minimum dimensions than for printed maps have to be considered because of the lower screen resolution. Presuming a relatively large pixel size of 0,375 mm (1 pt) and an average printing resolution of 0,1 mm, the resolution of the medium screen is about 4 times lower than that of printed maps. This implies that a screen-adapted map can be used for printing in a scale that is 4 times smaller but has the same information content. For instance, the 1:250k screen map was used to generate a 1:1mio. print map (Fig. 5). Since there are no reasons, why a screen adapted map could not be used for printing in a scale 4 times smaller than the original screen map. 

As mentioned before, only lettering had to be treated separately! 

Figure 5:  Extract of the screen adapted geo-visualisation of topographic elements a) 1:250k, b) 1:1mio and the corresponding printouts c) 1:1mio, d) 1:4mio.
5 CONCLUSIONS
The core task of this work was to establish connections between screen and paper as different types of output media for cartographic applications in the Austrian national online atlas information system – ÖROK Atlas Online. The resolution of a screen is approximately 4 times lower than the resolution of printed maps, so the minimum dimensions as well as applied map symbolisation had to be defined 4 times larger. This is why the application of screen adapted map graphics takes up more map space. This has an effect on the information content of the atlas map. By the implementation of interaction tools, the lower graphic density is compensated by the ability to fully investigate the system and all the primary data behind it. 
Since there are no reasons, why a screen adapted map could not be used for printing in a scale 4 times smaller than the original screen map. Both outputs have the same information content, which correspond to the content, users are accustomed to get in print maps. 
Taking into account these principles both output media – screen and paper – may provide satisfying information on the geo-space in its entirety and graphically visualised in a high quality.
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