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Abstract. The author argues that theories of spatial conception in linguistics and linguistics model of spatial information help ground a conversion from spatial information to natural language, and technologies of Geographic Information System (GIS) and Natural Language Generating (NLG) attempted to provide or account for aspects of methods of implementing the conversion. The conversion is not only feasible, but provides spatial information services with new and perhaps more sophisticated formalisms. In the paper, based on the metaphor of spatial information as natural language that is one of the basic human communication tools, the macroscopic research achievements including spatial conception related to natural language and theories related to spatial information model are summarized, and the microcosmic methods with respect to object-based spatial model and NLG are generalized. 
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1 Introduction

Map and linguistics are two traditional disciplines. Spatial information and natural language are two individual symbol systems to describe objective world. As an equivalence of human spatial experience, spatial information and natural language can be used to get at principles of graphic symbols and literal symbols separately. With the development of cognitive science and information technologies, links between spatial information and natural language are enriched. For a long time, map is regarded as a sound formal media that interchanges information between spatial information and natural language.

From a macro perspective, the common foundation between spatial information and natural language is cognitive science and computability. On the one hand, spatial cognition is based on the belief and knowledge of cognitive science, and forms an important part of cognitive science. On the other hand, cognitive linguistics should contribute to the development of fundamental theory in cognitive science. Although symbol characters of spatial information and natural language are significant difference, its essences are most relevant to the regularity of cognitive science. In essence, computability of spatial information raises spatial information model and spatial relation theory in general. Computability of natural language uses computer implementations as a method for Natural Language Processing (NLP), which is a branch of Artificial Intelligence (AI), and includes two opposite but tightly related processes: Natural Language Understanding (NLU) and Natural Language Generating (NLG).
2 Background
Based on spatial azimuth in modern Chinese, many modern Chinese linguists proposed and analyzed systematically research achievements including location, shape and direction, which are represented by natural language sentences. Location indicates spatial characteristics, which is generated by location change between one entity and another referenced entity in natural language sentences, and is divided into static and dynamic. Static location and dynamic location have respective features in the aspect of natural language syntax representation. Direction is represented by azimuth lexicon and reference points, and indicates spatial characteristics generated by entities’ oriented direction in natural language sentences. Variety of Direction description has the original source of semantic difference of azimuth lexicon and choice difference of reference points, and therefore azimuth lexicon can be classified as horizon (absolute and relative), vertical and radial in general. Choice of reference points is from a range of first, second and third. Shape indicates space scope which entities occupy in natural language sentences, and space scope is a kind of geometrical graphic generalization of entities’ location, and includes point, polyline, polygon and polyhedron. Representation of shape focuses on azimuth lexicon.
3 Intermediate Semantic Model

Cognitive Psychology distinguishes two spaces: physical space and cognition space. With respect to linguistics, there exists third space: language space. It is important to give a clear semantic conversion framework from spatial information to natural language. From a semantic perspective, Intermediate Semantic Model (ISM) is introduced, and forms a reversible transition as semantic foundation between spatial information and natural language (see Fig.1), and joints both features at deep level, and helps to solve the contradiction between universal approaches and concrete contents. ISM involves semantic abstract and semantic expansion. Semantic expansion means supplement to spatial object without changing its geometric features. Semantic abstract is to seek effective method for building compound spatial object consisting of simple point, line, surfaces and so on by means of reference, generalization, aggregation, combination, classification and constraint so as to represent geospatial concept.
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Fig. 1 Three-level structure and two-level mapping
3.1 Spatial Point of Interest

Spatial Point of Interest (SPOI) is just such a compound object class. SPOI represents cognitive and semantic knowledge, constructs basis of spatial query and analysis, erects a bridge for conversion between spatial information and natural language, and is quite different from landmark and hotspot. Landmark focus more on geographic meaning and spatial relation, can be memorized and distinguished from numerous directions, is used to locate geographic object nearby and identify some special object, and represents declarative knowledge. Hotspot represents hyperlink in hypermedia model. With respect to SPOI, a variety of content including conception, categories, acquisition method, object oriented model, semantic and semantic relation should be researched and analyzed systematically. But its object oriented model is core and is introduced in detail.
3.2 Object Oriented Model of SPOI

Object oriented Model of SPOI (SPOI object) emphasizes semantic completeness (see Fig.2). 
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Fig. 2 object oriented model for SPOI

Therefore SPOI object is characterized by following: 

· Identification division, are only identifier in database.

· Semantic relation, constrain and influence spatial relation.

· Feature Identifiers, as point object set, are crucial to be in concordance with people’s recognition and acceptance.

In addition, related efforts are characterized by a growing interest in the representation of data structure and computational rule of spatial relation to SPOI object. We proceed as follows:

· Providing knowledge base to represent semantic of SPOI object. 
· Defining computational rules in coordination with traditional spatial analysis between feature identifiers (point set) from separate SPOI object.

· Constructing global data dictionary to represent rules between semantic relations.
· Pointing towards a novel way of text generation.

4 Conversion Framework and Implementation

4.1 Conversion Framework
From a syntax perspective, formal framework is established (see Fig.3). It is syntax basis for conversion from spatial information to natural language, and maps both features based on ISM. From linguistic view, architecture comprised of semantic feature, semantic feature sets, entity, entity sets and spatial relation, spatial scene makes up of similar hierarchical structure which consists of lexicon, phrase, sentence, composite sentence, sentence sets. It sets up a fundamental linguistic reference model at various levels of syntax for the conversion.
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Fig. 3 Conversion Framework

4.2 Automated Scene Description

From a form contrast perspective, spatial theme can be represented by natural language as well as by spatial information. Two disciplines have developed separately in the last years, but constructed corresponding semantic basis in recent years (see Fig.4).
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Fig. 4 Form contrast between linguistic and cartography
From a technical implementation perspective, methods of spatial scene description and route description are explored based on knowledge base, computational rules, data dictionaries and text generation. Meanwhile, knowledge base presents facts of SPOI. Based on theories of spatial relation among spatial objects, computational rules emphasize spatial relation including location, distance, direction and topology among SPOI. Global data dictionary offers rich knowledge and its guide rules so as to fulfill the need of text generation. Text generation adopts schema method and template method. Spatial scene description is composite by many schemas and templates. Route description contains surface meaning and deep-level meaning.

4.3 Example “Bus Route Finding”
Bus route finding is a crucial element for the task of public web map services, and can be queried by several different approaches between SPOI objects. It is important to note, results are represented by natural language (see Fig.5).
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Fig. 5 Bus route finding instance

5 Conclusions

A central goal in conversion is to create ISM which represents the rich semantic knowledge needed for organizing and using spatial information and natural language. In recent years, much work has been invested in developing text generation algorithm automatically. However, the semantic relations between spatial information and natural language have not been grounded in a formal theory. As a result, we outline a conversion framework for the representation of spatial cognition and put it down to experience.
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