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Abstract
This paper describes a spatial information system for ubiquitous mapping and spatial bookmarking that we have been developing. We call our system a spatial document management system (SDMS). The SDMS can manage various kinds of spatial documents that include spatial reference information such as address, postal code and place name. Our system provides a simple and intuitive interface handling such spatial documents in own personal computer and on the web, and manages textual information about Point of Interest (POI) in these documents. When a user can load a spatial document in the system by “drag and drop” operation, the system converts address expressions in the document into POI information and instantly displays a distribution of the POI information on a map. Our SDMS will support mapping actions by many ordinary people and become a new tool for ubiquitous mapping. Through mapping operations, spatial documents can be related to physical (spatial) locations in the real-world. A user can browse again these documents based on location information. Our system provides such a spatial bookmark function. 
1. Introduction

We have been developing a spatial information management system that can easily handles various kinds of spatial documents for supporting “ubiquitous mapping” [1] by ordinary people. In this paper, a spatial document is defined as a digital document that includes location reference information. It is classified into direct reference information and indirect reference information. Direct location reference information is the coordinate information such as latitude and longitude, and is fundamental and powerful information supporting many location-based services. Indirect location reference information includes address, postal code, telephone number, place name and so on. Such indirect information is understandable for many ordinary users and is effective for communication between people in every day life. We can find such reference information in many spatial documents in own personal computers and on the web: access information, restaurant information, a list of fire stations, outbreak information of influenza and information about urban ozone formulation. Indirect location reference information needs to be converted into direct location reference information for displaying the information on a map. Such converting process is generally called “geo-coding”. Especially, geo-coding for an address expression is called “address matching”. A tool for handling spatial documents requires some geo-coding methods. In many cases, indirect location information such as an address in a spatial document is not explicitly tagged. It is not easy to extract such location information from the document. Extracting location information is generally called “geo-parsing”. Our system for handling spatial documents must have a mechanism for geo-parsing as well as geo-coding.
Geographic information system (GIS) [2] can manage, analyze and visualize spatial information. GIS requires structured spatial data including direct location reference information. In many cases, a user uses some geo-coding services and prepares a table data including latitude/longitude information. Meanwhile, spatial documents are semi-structured and non-structured data. The existing GISs cannot manage such spatial documents directly. It is also difficult for an ordinary user to operate an expensive GIS designed for an expert. The use of advanced spatial processing functions on the GIS will require much effort and training for ordinary users. A simple system with an easy-to-use interface is required for many ordinary users.
In this paper, we describe a spatial information system for supporting ubiquitous mapping and spatial bookmarking. We call this system “Spatial Document Management System (SDMS)” that can easily and directly manage various types of spatial documents such as HTML files, Excel files and text files and so on. Our system provides a simple interface operating such spatial documents and manages textual information about Point of Interest (POI) in these documents. By “drag and drop” operations for digital documents, a user can load spatial documents in the system. The system can extract address expressions from these loaded documents, convert these expressions into the corresponding POIs and display them on a map. A user can bookmark a spatial document related with physical locations thorough these operations and browse the document once again. The SDMS does not support advanced analysis functions that the existing GISs provide. However, our system provides some basic functions for ubiquitous mapping and is useful for many kinds of applications. For example, when a user wants to immediately see only a distribution of POIs that he or she is interested in, this system works well. Such information is useful for real-time decision making and understanding the current situations and trends.
This paper is organized as follows. In Section 2, we mention a spatial information system for ubiquitous mapping and spatial bookmarking Section 3 presents some explanations of our SDMS In Section 4, we show the mapping examples of our system. Finally, we give conclusion in Section 5. 

2. Spatial Information System for Ubiquitous Mapping and Spatial Bookmarking

The system should be designed as an user-friendly tool for many people. If many users can use each SDMS for his or her own purpose, mapping actions for spatial documents will occur anywhere at any time. We think that the SDMS will become a tool to promote “ubiquitous mapping” [1] in the real world. The system will also support bidirectional spatial communication between people. If the SDMS can distribute the mapping results or the selected POIs through the Internet, it will be an active communication tool as well as a passive communication tool. Dissemination of the mapping information will create the situation that many people browse, share and exchange these information. We have developed the SDMS for ubiquitous mapping as human-centered spatial information system, although most of the existing GIS are designed as function-oriented systems.

An object that exists in the real world can be related to different kinds of representations of the location such as latitude/longitude information, an address, a postal code, a telephone number, popular name and the term for a specific domain. Such representations are written as text information in digital documents, and each of documents may include one or more location representations. We can see such “ubiquitous” representations in many spatial documents in local and remote computers on the Internet. So, our system should support mapping for ubiquitous location representations in a digital document. By such mapping, we can visually understand not only the location information of each object but also the distribution of these objects and spatial relations among these objects. Currently, our SDMS can convert only an address expression into a spatial entity (POI) in the system. In the future, if it can support some geo-coding methods for different location representations, it will become a tool to translate textual location representation of an object in the real world into visual representation (spatial representation) of the object.
By bookmarking a web page as a favorite, people can easily browse the bookmarked page once again. In many map software, a user can put a bookmark on a map by clicking on the map. Such bookmark on a map is related to physical location and the content is annotated by the location. Similarly, if a user can relate a digital document with physical location, the user will browse and search such a document based on the location information. Spatial documents include some information related with physical objects or events in the real-world. Such a spatial bookmark function is essential for handling spatial documents. Our system can bookmark a spatial document by drag and drop operation and automatically relate such a document to some physical locations. Instead of drag and drop operation, in this system, a user can input a spatial document by specifying the URL where the document is located. There are many web sites that provide sensor information such as weather information, traffic congestion, air pollution and ocean condition. These web sites are frequently updated because these sensor information changes from hour to hour. By bookmarking such a dynamic changing site and annotating it by physical location, a user will track temporal changes of bookmarked pages and annotated information. We try to develop the SDMS in order to check periodically such dynamic information and store the archival history in the system. 
3. Design of Spatial Document Management System 
We design a spatial document management system (SDMS) as a human-centered system based on the following policies:
(a) Providing easy-to-use interface for handling a spatial document
It should provide easy-to-use interface operating various types of spatial documents that are non-structured and semi-structured data. Our system supports simple operation to input spatial documents (HTML, Excel, Word, TEXT, PDF, etc). A user can load these documents by drag and drop operations for a file icon and a folder icon.
(b) Generating textual information about POIs in a spatial document
It should automatically extract address expression in the loaded documents and convert the address into latitude/longitude information. Our system generates the POI information through reasonable and robust conversion processes. 
(c) Managing POI information for browsing, searching and exporting
Our system embeds the generated POI information including latitude/longitude into the document by tagging. Embedding location information into a document by tagging [3,4,5] is useful for managing and searching these documents based on location information. The search and export functions of our system will support reusing and sharing the POI information.
3.1 System Overview of SDMS
Figure 1 shows an overview of the developing system.
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Figure 1: An overview of SDMS
Our system consists of a POI generator, a POI manger, a map manager and some functions. The POI generator extracts the address expression from a spatial document loaded by a user, and generates the corresponding POI information. The generator converts from the address into the POI by communicating a remote address matching server. The POI manager regards each spatial document as a layer and manages POIs in the document at each layer. The map manager receives the background map image from a remote map server, and displays the POIs with the background map. The map manager supports basic functions for a map: scaling up, scaling down, movement and so on. 
3.2 Processing Overview of SDMS
Figure 2 shows the processing flow of SDMS. 
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Figure 2: The Processing Flow of SDMS
Our system behaves in the following steps:

(1) By drag and drop operation for a file icon, a user loads the spatial document to the SDMS. A user can also drag and drop an icon of a folder that includes multiple spatial documents.
(2) The SDMS generates converts a plain text from the loaded document. For example, it eliminates all HTML tags in an HTML document.
(3) It scans the plain text and extracts the candidates of address information by using a location name table that is a collection of partial strings of address information. 
(4) It sends the candidates to the remote address matching server, and receives the matching results from the server. The server returns not only latitude/longitude information for the address but also the matching level. If the matching level is low, the candidate is not regarded as an address expression. 
(5) If the address matching succeeds, the system embeds a <spa> tag into the position where the matched address is located in the plain text. It sets the returned information as the attributes of the <spa> tag. We call this document embedding <spa> tags “spatial tagged text”. A spatial tagged text is corresponding to the original spatial document. The system manages the attributes for each <spa> tag as a POI (see Table 1). Multiple POIs in each tagged text are managed as a layer. Our system regards a collection of spatial tagged texts as a POI database.
(6) By referring the POI database, the system displays a distribution of the generated POIs on a map.
Table 1: Properties of POI 

	Property name
	Explanation

	Latitude/longitude information
	Matching result for the given address returned by a server

	Address expression
	Normalized address expression for the given address from a server

	Matching level
	Accuracy information about the matching result from a server

	Document place
	Path information where the document is located in the local computer

	Explanation part
	String from precedent characters to lasting characters of the address.

(A user can specify the total length of the concatenated string.)


We use the CSIS address matching service [6] as an address matching engine. The service is a free service and covers all areas around Japan. It uses “gaiku” level location reference information [7]. “gaiku” is more detailed administrative district than prefecture and city. The location reference information is provided as a table and each record of the table includes an address expression and the coordinate information (latitude, longitude) and so on. The matching accuracy of the service is less than that of some commercial services. But, such commercial services are highly expensive. Also, the commercial services require address expressions with the specific format for each service. The CSIS service can allow some varying address expressions. Japanese addressing system is more complicated than street addressing systems. The address expression has hierarchical structure and consists of multiple address parts. Each part has different granularity such as prefecture, city and more detailed level. The characteristics of the address matching of SDMS depend on the service. Our SDMS provides robust and reasonable address matching. It can allow the diversity of address expressions and the omission of the address part to some extent.
The CSIS address matching server is implemented as a REST (REpresentational State Transfer) web service that returns the matching result for the given address expression as an XML data. The XML data includes the latitude/longitude information for the address expression, the matching level, the normalized address expression and so on. 

Our system supports some search functions over multiple loaded documents. It provides two kinds of textual (keyword) search functions: document search and POI search. In the document search mode, it returns all POIs in multiple documents that include the given keyword. Otherwise, in the POI search mode, it returns a collection of POI including the given keyword, by examining whether the explanation part of the POI includes the keyword or not. Also, it supports spatial range search to return POIs in the specified region.
The system can export POI information into some commonly-used formats such as shape files, G-XML files and CSV files. Shape file format is a major format for GIS. By using the exported shape files, a user can perform advanced spatial analysis and visualization such as buffer analysis and kernel method on GIS. CSV formats are easy to use for some statistical software. By supporting the export of these formats, our system will realize a smooth linkage with other tools for advanced spatial information processing.
4. Implementation
Our system has been implemented by Java language and runs on a computer connecting to the Internet. It communicates a remote address matching server and a remote map server through the Internet. Consequently, the program size of our SDMS is small and the portability is fine. The SDMS can show background map images with different scales for all regions around Japan. We use digital map (1/25000 scale) of Geographical Survey Institute in Japan as the background map.
4.1 Experimental Results
Figure 3 shows a graphical user interface of our system. The interface consists of a map panel, some GUI components for controlling a map, some panels for POI/layer management, and so on. By using the adjust button, the SDMS can display the adequate region that includes all the selected POIs. 
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Figure 3: A graphical user interface of SDMS and the mapping result by SDMS

Also, Figure 3 shows the mapping result (namely, the POI distribution) when a web page including a list of location of fire stations is loaded. Our SDMS displays the mapping result on the map panel with the background image. Each POI is displayed as an icon with a text label that is automatically extracted from the document. When a user selects an icon (POI) on the map by clicking a mouse, the system can show the properties of the POI such as the original address and the converted latitude/longitude information. The system manages the path information of the loaded documents and opens the document by double clicking the corresponding icon. A user can smoothly browse the original document including the POI.
Figure 4 shows the mapping result when a user inputs a folder that includes multiple documents. In this case, each document provides the information about urban ozone formation and includes some information about when and where it occurs. When multiple spatial documents are loaded, different color is assigned to the icon corresponding to each document. The color of the icon can be changed by the setting panel.
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Figure 4: A mapping result for multiple files on SDMS

5. Conclusion
We have been developing a spatial document management system (SDMS) that can easily handle various types of spatial documents such as HTML files, Excel files, TEXT files and so on. A user can load spatial documents in the system by “drag and drop” operations. The system extracts textual information about Point of Interest (POI) in these documents and manages the generated POI information as a collection of tagged documents. It can display a distribution of the POIs by referring such a POI database. The current version of the system converts an address expression into POI information by communicating a remote address matching server on the Internet. Our SDMS is designed as a human-centered spatial information system in order to supports ubiquitous mapping and spatial bookmarking of digital documents by many ordinary people. The SDMS will provide everyone an infrastructure that can easily and instantly map digital documents including location reference information, and spatially manage (namely, search and browse) these documents. Consequently, the SDMS will become one of useful tools for “ubiquitous mapping”. Future consideration will include the usability’s improvement and evaluation of the current SDMS and the wide distribution of the SDMS package.
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