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1. Introduction
The internet started to define the way in which spatial information is accessed and used. In the context of Spatial Data Infrastructures (SDI) geographically distributed spatial and non-spatial data repositories can be accessed via Web services. An important Web Service present in an SDI is the WMS (Web Map Service), currently defined as producing “maps of spatially referenced data dynamically from geographic information”. A map in this context is defined as “portrayal of geographic information as a digital image file suitable for display on a computer screen” [6]. 

Interactive Web GIS and Web mapping applications are usually used as clients for available spatial Web services. Based on the available WMS (Web Map Service)/WFS(Web Feature Service)/WCS(Web Coverage Service) instances, many non-cartographers create maps to be used as communication media and decision support instruments between different stakeholders. 
However, due to the dynamic nature of the underlying data used for map creation (e.g. frequent updates, different sources) such maps lack in presentational harmonization and cartographical quality. Although by manually choosing the symbology for data layers (e.g. directly for features provided by WFS instances or by using Styled Layer Descriptors [7] for WMS instances) the cartographic quality is improved, this operation is time-consuming for users without cartographic knowledge. In a similar situation are also the users of Geographic Information Systems (GIS). GIS users have also the freedom of loading and overlaying a virtual unlimited number of layers in the map, however the software is choosing basic random colours for the visualization and expects the user to later change the symbology. Not only this operation is time consuming but implies also that the GIS users should posses the appropriate cartographic knowledge in order to achieve cartographic results.
Without mechanisms to formalize cartographic rules in a machine understandable way and to integrate these rules in the map symbolisation process, the cartographic quality of Web and GIS produced maps is most often impaired.

2. Overview of Cartographic Ontologies


This paper introduces ontologies as backend for the formalisation of cartographic knowledge and rules. In the context of computer science, ontology may be thought of as a formal representation of the knowledge associated with a particular domain, task, or application whose ultimate purpose is to enable machine understanding [4],This idea was derived from the Semantic Web project, which has the goal of extending the capabilities of the World Wide Web in order to allow automatic processing and integration of information. An ontology is a hierarchical data structure containing all the relevant entities and their corresponding relationships and rules within that domain [10].
The Web Ontology Language (OWL) is the most developed W3C recommendation for semantic Web mark-up languages that impose structure and semantics (meaning) on data. It is built on the Resource Description Framework (RDF) which introduces semantics by specifying a data model for resources (“things”) and the relationships between them.

A Domain Ontology can be defined as a formalization of the existing knowledge in a specific domain. Domain ontologies are intended to provide a source of predefined concepts for use with task ontologies. A Task Ontology captures the knowledge necessary to solve a specific problem or task but abstracted above the level of a specific situation. The Application Ontology contains knowledge for a specific application in a specific situation. Such ontologies will contain little knowledge that is directly reusable and serve to provide a semantic interface between the domain and task ontologies and the specific application.

The development of cartographic ontologies allows cartographers and computer programs to share a common view on cartographic information and to make cartographic rules explicit and reusable. In the same time it allows to separate domain knowledge (common vocabulary) of operational knowledge (cartographic rules). 
A cartographic domain ontology defines all the concepts needed to express cartographic rules. Reusable cartographic rules are expressed in Task Ontologies and application specific cartographic rules are expressed in application ontologies.

Cartographic ontologies must not be confused with spatial ontologies, although software systems can use them both to identify the best presentational options. Spatial ontologies are concerned with defining the semantics of the spatial features (what they are) while cartographic ontologies are concerned with cartographic concepts and symbolisation rules. 

3. Cartographic domain ontologies
Cartographic domain ontologies can be constructed in more steps. The first step is identifying the cartographic notions that will be expressed as conceptual ontology terms (concept, relationship or instance). This is achieved by populating a glossary of terms derived from the semi-structured sentences extracted from textbooks. In the second step the concepts are ordered in a logical hierarchy. In the third step are defined properties and relations for the concepts. 

The concepts included in the domain ontology represent the vocabulary used to define the cartographic rules inside the task ontologies, additional concepts that are not part of the core cartographic knowledge (e.g. LayerName, BoundingBox, Stroke, Fill, DashArray, etc…) have to be also included.

A skeleton proposal for a basic domain cartographic ontology - centred on the concepts of map, graphic element, visual variable and symbol - is can be seen in Fig. 1.
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Fig. 1:
Skeleton of a cartographic domain ontology

The proposed cartographic ontology is centred on the concepts of map, graphic element, visual variable and symbol. The ontology presumes that every digital map (either general reference or thematic) is composed essentially of some graphic elements (either geometric primitives or pictorial elements). The graphic elements are taken to a higher level of expression by the visual variables. As in cartographic theory, the ontology considers that the building blocks for digital mapmaking are the primary visual variables (colour, opacity, texture, orientation, arrangement, shape, size, focus) and the patterns (arrangement, texture and orientation patterns). The graphic elements and the visual variables are represented in a holistic view by symbols (topographic and thematic) that can be directly interpreted by cartographic systems and consequently ready to be used for map symbolization. 

The cartographic domain ontology must also handle the complexity of map semiotics because different types of thematic maps (choropleth maps, graduated symbol maps, multi-variable graduated symbol maps, dot density maps, etc.) can be defined only based on basic map semiotics, which in turn are defined with visual variables and/or patterns. Some details of the domain ontology - thematic point symbols like named diagrams (bar charts, pie charts, ring charts …) as well as some of their properties (divergent, divided, polar, proportional …) and some additional concepts - can be seen arranged in their logical hierarchy in Fig. 2.
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Fig. 2:
Details of the cartographic domain ontology

However, the proposed cartographic ontology stands in its infancy. There is still significant work to be done in defining a critical mass of basic ontology concepts. They are needed as building blocks for task ontologies containing cartographic rules. From the practical point of view the development of the domain ontologies is strongly linked with identification of cartographic as the terminology needed to express the rules have to be fed into the domain ontology.

Fig. 3:
Cyclic development of the domain ontology and task ontology

4. Cartographic rules for cartographic task ontologies
Cartography is about representation [2, 9, 12] and is generally considered both art and science. This statement implies that we can not hope to formalize the intuitive understanding of the relationships between symbols and their meaning. Fortunately however, there are basic rules that can be extracted from cartography textbooks that can improve the map quality of Web and GIS produced maps.

Map quality can be assessed taking in considerations various criteria. Some of these criteria, e.g. if the map fulfils its intended purpose cannot be so easily formalized. In traditional cartography the first step of creating the map is actually to identify the map message and target audience, but this high-level information can not be directly expressed in machine language. To achievement of the map purpose remains the responsibility of the user and has to be achieved through the use of specific symbols and the input of additional rules by the user (e.g. a specific colour palette). 
However, there are other more tangible criteria concerning the use of relevant cartographic conventions and map legibility rules that can be formalized and used to suggest map quality improvements. In the following are presented some of the rules that will be part of the cartographic task ontology [1,2,5,9,12,13].
Cartographic conventions are rules derived from traditions of map making. They are related to map quality in the sense that deviations from established norms will result in most cases in a map that is less effective at communicating the intended message. They are also easiest to formalize.
Color conventions are for example that forests and vegetative cover are green; hydrological features (rivers, lakes, oceans and other water bodies) are blue; the highways and principal roads are usually red, secondary roads are yellow, and less important roads are black; contour lines are brown; the colour sequence of dark green, light green, yellow, orange, red and brown for increasing elevations; black are man-made features; etc. Other conventions recommend the use of pictorial symbols to attempt to mimic the real world. For example the churches have a specific symbol and a small triangle normally means a mountain summit. Such standardized symbols could be already available in symbol libraries.
Conventions for linear features state that roads are usually solid or dashed lines, railways are hatched, and trails are often dotted lines, and boundaries could have one of the following stroke patterns: dash-space-dash, or dash-space-point-space-dash, etc.

Some examples for fonts rules are that oceans, rivers, lakes, streams and other hydrographic features, should be labelled with the italic of serif-fonts; for oceans and lakes, capitals are used, and for rivers, capitals with lower case are typical, other labels should use a sans-serif font. However a strict rule is to not use more than two types of font on a map and for two different fonts one should be with serifs (e.g., Times New Roman) and one without serifs (e.g., Arial). Although there are better fonts for cartography like Cisalpin which runs relatively narrow and can be well read in small font sizes, the rules refer to fonts generically available.

Map legibility refers to the readability of the symbols and text of the map. Most basic rules derived from this criterion is to draw the layers that compose the map in right order based on their geometric type (point and line layers above polygon layers) and that homogeneity is to be avoided (e.g., the same lettering size for all labels, the same color for everything). Visual contrast improves the recognition of symbols and text by making objects to appear distinct from either their background or adjacent objects not only through colour but also through size, shape, or pattern. 

In choropleth maps the number of colors is limited (maximum 5) to avoid negative effects like the simultaneous contrast. Also for choropleth maps colour (or hue) is typically used to differentiate categories while colour intensity is assigned to numerical values (it is typical to use ‘the darker the greater’ convention).

To avoid labels overlapping with symbols or other text elements, or intersecting with the map boundary, label placement algorithms (sequence of rules) could be embedded in the ontology to place them correctly, according to cartographic guidelines. As simple label placement algorithm is defined by [14]. For example, in  the labels are placed by default in the upper right hand corner of the symbol. By using the bounding box, it is tested whether the label collides with the border of the map. If it does, the next best position is selected, using the eight label placement possibilities. All eight options are tested until the name can be placed completely within the map. The next step is to test the label against collision with other bounding boxes of map symbols and already placed labels. The text is allowed to be shifted at the most in either direction by half the length or height of its bounding box. If the label cannot be placed despite shifting, it is left out.
There are many other cartographic rules that can be expressed in a cartographic task ontology and they require also the enhancement of the domain ontology with new concepts. In order to test the critical mass that will allow qualitative suggestions, an implementation of cartographic library for rule-based symbolisation is envisioned.
5. Generic architecture for rule-based symbolisation


After the formalisation of cartographic knowledge, one can imagine how the generic implementation and use of cartographic ontologies in various client applications may look like. The architecture of a cartographic library for rule-based symbolisation (Fig. 4), describes a high-level architecture for a generic, customizable and flexible implementation supporting the ontology-based symbolisation process. 
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Fig. 4. Implementation architecture of the cartographic library for rule-based symbolisation
In the generic architecture, the clients for the library are Web Map Services (WMS), Geographic Information Systems (GIS), interactive Web mapping applications, and maybe other graphical applications. From the overall architecture we can extract the characteristics that a cartographic library for rule-based symbolisation should have:

· Import/Export capabilities. Import components integrated within the library can translate data layers information and the cartographic interface of a specific application into an internal representation. Similarly, export components are required for the translation of the resulting symbolisation (rules mapped to the specific layers) in the cartographic interface understood for the external applications. Furthermore, cartographic rules can be imported/exported from and to the client application to allow user control over the symbolisation rules.

· Internal representation. A generic library should not distinguish between different types of cartographic interfaces and their internal representation. The component in charge of rules selection and combination, should work based on information they exploit (rules and layer information), not on its representation. The uniform representation significantly reduces the complexity of selecting and implementing the rules by not having to deal with heterogeneous representations of cartographic interfaces.

· Cartographic ontologies. A common vocabulary is needed among a client application and the cartographic library. This common vocabulary enables common understanding of the available symbolisation possibilities. Furthermore, the methodology of applying cartographic knowledge by computer program is based on using the human understanding captured in the form of an ontology. The use of task ontologies is the proposed approach for the storage, access and exchange of cartographic rules. 

· External resources. The integration of additional information provided by thesauri (to better identify the layer schema components based on their semantic meaning), dictionaries (to address multilingualism) and available geospatial ontologies can increase the effectiveness and the generality of the rule-based symbolisation.

· User Feedback. It is not possible to determine fully automatically the correct symbolisation for a given set of layers, primarily because not all the cartographic knowledge can be formally expressed. The implementation should therefore make only suggestions which the user can accept, reject or change. Furthermore, the user should be able to specify appropriate symbologies for layers and features for which the library was unable to find satisfactory suggestions.
In a simplified workflow scenario, after the user loads various data layers the cartographic library will first analyze the data (like layer type, attribute names, value ranges, etc.) in order to extract as much information and semantics as possible. Then based on the cartographic ontologies should suggest an appropriate layer ordering and symbolization of different layers. As example for symbolization of spatial layer containing in its schema terms like “river”, “water”, “flood” and synonyms, the cartographic library will extract the corresponding keywords and then try to find applicable rules from task ontologies and user provided cartographic rules (application ontologies).  If the cartographic rule states that water layers (river has water as synonym) should be symbolized with blue, the application will choose this color for the layer symbolization (application of a cartographic convention). A similar example can be given for a layer named “streets” or “roads”. User control and feedback provided by the client application for the final map composition is very important to improve the relevance of automatic suggestions. 
6. Conclusions

The main contribution of this paper is the description of cartographic ontologies, their definition process and the proposal for a generic architecture of a cartographic library for rule-based symbolisation.
Cartographic ontologies are the proposed mechanism for handling the complexity of map making. In this respect, the main advantage of an ontology-based cartographic interface is the modelling of semiotics and rule-based symbolization independent of a specific software system. Any improvement to the cartographic ontology (for example, adding a better cartographic rule for the placement of diagrams or labels) will automatically “upgrade” the cartographic capabilities of the application without having to rewrite parts of the software. 

With the availability cartographic ontologies, cartographic libraries for rule-based symbolisation will be implemented according to the described generic architecture. For the proof-of-concept it is intended to be integrated in the open-source QGIS mapserver [3] and QGIS [11] open-source projects. 
Rule-based symbolisation has the potential to improve the visualisation quality of dynamic geospatial and thematic data, especially for Web Map Services and GIS. A library interpreting the cartographic ontologies does not have to be confused with an expert system. An expert system tries to emulate the complex decision process of a cartographer, whereas a cartographic ontology tries to offer to users (including cartographers) a natural way of interacting with map making software – the language of cartography. Various application specific ontologies can be developed by professional cartographers. Building cartographic application ontologies can be regarded as a high-level interaction with map making software by selecting and defining cartographic rules and symbols for the desired map output.
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