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Introduction

The concept of Geospatial Data Infrastructures (GDI) and distributed geospatial processing has brought about new and exciting opportunities for data access, discovery and visualization.  The growth and ubiquity of the Internet has enabled many interesting uses and applications of geospatial information.  In fact, geospatial information is gaining momentum as ubiquitous, all-purpose information holdings for government, industry and academia.

The Canadian Geospatial Data Infrastructure (CGDI) is a Canadian public sector led initiative to ‘put Canada’s geographic information on the Internet’.  The OpenGIS Consortium (OGC) represents a collaborative approach to the definition, development and publication of geospatial processing services through distributed networks.

Many GDIs are leveraging these efforts in implementing and publishing online services to provide maps and geospatial data through such technologies as Web Map Service (WMS) and Web Feature Service (WFS).  Organizations are developing web mapping client applications, which connect to these services for dynamic map data and images from distributed servers, which obey the aforementioned specifications.  Web Mapping clients benefit from eliminating the need for exhaustive data management budgets, and acquiring up to date geospatial information from its authoritative provider.  WMS and WFS are endorsed by the CGDI Architecture Vision [5], the Global Spatial Data Infrastructure (GSDI) Cookbook [2], the former NASA Digital Earth Program, and align with the vision of the OGC Abstract Specification [4]. 

There currently exists a gap in the concept of web mapping applications of enabling the end user to ‘bookmark’, or save state of, the application in such a way that is transferable to other web mapping applications.  Users frequently require to ‘save’ a view to send to or share with others, who may or may wish to view the data in their own applications and environment.  Users may also require publishing these views for others to discover and visualize these online ‘projects’.  The OGC Abstract Specification currently does not acknowledge this issue, nor does the GSDI Cookbook, or other related material / publications on Geospatial Data Infrastructures (such as Groot and McLaughlin [1]) or visualization of geospatial information.

The purpose of this proposal is to formally put forth a new, innovative concept known as ‘Context XML’.  This concept represents a data encoding of the current state of a web mapping application, such that it can be reused and be revisited in many web mapping clients.  Context XML leverages established standards and efforts from the World Wide Web Consortium (W3C), OGC and supporting organizations.  Context XML allows consumers of web mapping applications to ‘bookmark’ or save a current state of their web mapping application for reuse or revisit at any time, in an interoperable, application-neutral fashion using any supporting web mapping application client.  Context XML can address this need in the presence of the increasing amount of web mapping applications, which connect to standards-based interfaces.

This research will address the gap within the OGC Abstract Specification, the GSDI Cookbook, endorsed standards of the CGDI, as well as relevant material on web mapping visualization and applications.  This research will also produce an updated specification which will be put forth in upcoming OGC Technical / Professional Committee meetings for approval, adoption and publication of a ‘Context XML’ standard.  This research will also outline how this concept will benefit the CGDI, and industry partners in commercializing this technology, and the potential of this technology in new methods of data access, visualization and discovery.  The GDI community is eager in anticipation of this technology, and this research / paper will explain why, and how.

The Gap in Abstract Models and Approaches

OpenGIS Abstract Specification

The OpenGIS Abstract Specification provides the reference model for implementation of OpenGIS Specifications.  Areas covered by the Abstract Specification include:

· Feature Geometry

· Spatial Reference Systems

· Locational Geometry

· Stored Functions and Interpolation

· The OpenGIS Feature

· The Coverage Type

· Earth Imagery

· Relations Between Features

· Accuracy

· Feature Collections

· Metadata

· The OpenGIS Service Architecture

· Catalog Services

· Semantics and Information Communities

· Image Exploitation Services

· Image Coordinate Transformation Services
The OpenGIS Abstract Specification represents a carefully engineered process and framework in support of the discovery, access and visualization of geospatial information and services as resources.  All OGC Implementation Specifications, Discussion Papers and Recommendation Papers are developed from the vision of the Abstract Specification.  For example, all OGC Web Services provide models for metadata documentation.  The Geography Markup Language (GML) specification models geospatial features and topological relationships between them.  The Web Feature Service (WFS) describes a service-based supply of vector information as feature collections.  All OGC Web Services (OWS) follow the Service Architecture Interoperability approach.

It is evident that while the Abstract Specification builds the framework for geospatial data and services, there is a gap in addressing the integration pieces of such data and services.  A Web Map Service (WMS) is not of much use without a client application to provide a visualization interface.  A Data Service Registry / catalog is not of much use without a client interface to assist end-users in discovering geospatial resources.

CGDI Architecture

The target vision of the CGDI defines the role of the GeoConnections project and CGDI, and includes the following three aspects: a mission statement, a vision statement, and guiding principles.  The mission defines the role of GeoConnections in developing the CGDI.  The vision describes the core functionality and nature of the CGDI.  The guiding principles describe the key defining elements and characteristics of the CGDI.  The CGDI Architecture Description provides a technical view into the deployment of geospatial data and services, following guiding principles of the CGDI Vision, endorsing selected services from the OpenGIS specification program.

CGDI Architecture covers the following topics:

· The Vision Of CGDI

· The Mission of GeoConnections 

· The Vision of CGDI 

· Guiding Principals 

· The Architecture of CGDI 

· Conceptual Architecture 

· Data 

· Services and Interfaces 

· Components, Systems, and Applications 

· Architectural Characteristics 

· Implementation plan for CGDI

The following specifications are formally endorsed by CGDI as enabling geospatial technologies:

· Web Map Service (OGC WMS)

· Web Feature Service (OGC WFS)

· Geography Markup Language (OGC GML)

· ISO Metadata Standard (TC 211 DIS 19115)

· GeoData Discovery, Catalog Service (OGC spec based on z39.50 profile)

The CGDI has experienced a growing number of geospatial web services.  In the past 15 months, a total of twenty four (24) Web Map Service (WMS) instances have been put forth by various levels of government, industry and academia, providing rich and diverse content accessible across networks.  The CGDI has also seen many web clients exploiting these services for various application domains and requirements.  However, there has been difficulty in achieving interoperability between web clients in the same manner as web services.  This can be attributed to 1) lack of acknowledgement in CGDI abstract models 2) lack of enabling technology specifications to support interoperability between web clients consuming geospatial web services.


GSDI Cookbook

The GSDI Cookbook provides geographic information providers and users with the necessary background information to evaluate and implement existing components of SDI. It also facilitates participation within a growing (digital) geographic information community.  Topics covered in the GSDI Cookbook include:

· Geospatial Data Development: Building data for multiple uses

· Metadata: Describing geospatial data

· Geospatial Data Catalog: Making data discoverable

· Geospatial Data Visualization: Online Mapping

· Geospatial Data Access and Delivery: Open access to data

· Other Services

· Outreach and Capacity Building: Creating a community

· Case Studies

The GSDI Cookbook provides an organizational approach to geospatial information and resources, providing a more practical means of putting abstract models and approaches into operation.

This Cookbook, though recognizing the concept of web mapping and visualization, does not address applications as web client or a generic approach to consuming data and services through interoperable means, which web clients provide an integral piece of the geospatial interoperability puzzle.

Geospatial Data Infrastructures (Groot and McLaughlin)

Richard Groot and John McLaughlin provide an overview to the concept of Geospatial Data Infrastructures (GDI) with their book, “Geospatial Data Infrastructure: Concepts, Cases and Good Practice” (OUP, 2000).  With the increase in computer technology and standards, GDI activities increasingly provide the opportunity for cost-effective collection, sharing and distribution of information with a geographic component within and between entities.  This book aims to provide a conceptual framework, consistent terminology, reference cases, and recommended practices for design, implementation, and management of GDI.  This book consists of sixteen (16) chapters, covering a wide range of topics such as legal aspects, standards, technologies, data modeling, visualization, and human resources issues, all within the context of GDI.  Topics covered include:

· Who wants a GDI

· GDI from a legal perspective

· Funding an NGDI

· The role of standards in support of GDI

· Quality management in GDI

· Anticipating cultural factors of GDI

· The foundation technologies

· GDI architectures

· Conceptual tools for specifying geospatial descriptions

· Spatial referencing

· Photogrammetry and remote sensing in support of GDI

· Access to GDI and the function of visualization tools

· Human resources issues in the emerging GDI environment

· Case Studies

· Advancing the GDI concept

This book address web mapping and visualization in the chapter entitled, “Access to GDI and the function of visualization tools”, by Menno-Jan Kraak.  This chapter focuses on Internet based visualization of geospatial data.  Issues discussed include the layout of online systems and widgets, the emergence of demand driven applications and maps, and how maps have shifted from the traditional cartographic process.  The multiple uses of maps are also given (as data indexes, overview / browse imagery).  This chapter illustrates that with the Internet as the emerging platform, visualization must be investigated for adequate semantics of applications online (such as correct tools for data manipulation, symbols, etc.)

The method in which maps can supplement clearinghouses and map / data indexes has been illustrated within numerous applications, such as the FGDC Clearinghouse, CGDI CEONet, the Ordnance Survey’s online tool, and others.  Compared to older applications (see http://ceocat.ccrs.nrcan.gc.ca./imswww/imswelcome/plain.html), the present day applications provide more intuitive navigation techniques to discover, visualize and access geospatial data and services.  These applications also provide functionality to other, new applications, which, due to lack technological functionality, would have never used such functionality in the past.  Currently, web mapping applications are emerging for finding hiking trails, resorts for hunting, fishing, canoeing, etc.

The author mentions the decreasing importance of accuracy in web mapping applications.  This can be attributed to the intended use of these applications.  Typically, such applications are geared towards simple search / browse / print functions for general users, using basic index maps as content.

This chapter addresses web clients in consuming geospatial data and services in more detail than the previous models and references, however it does not discuss issues of interoperability between web mapping visualization clients as services and resources themselves, but rather recommends further investigation into these issues.

The Conceptual Gap

Abstract Models and Concepts


The above examples provide frameworks, approaches and implementation options for deploying systems and operations to support the discovery, access and visualization of geospatial information holdings via interoperability.  It is evident that services have matured and are growing within the GDI community at an organizational level.  Organizations are adopting common standards and specifications for deploying their geographic information holdings.  However, web mapping application clients are also being deployed in the same fashion that services were being deployed before the birth of the OGC and related standards-based approaches.

The analogy of transportation can provide some clarification and understanding here.  Imagine roads and highways as services, and automobiles as applications.

A transportation infrastructure requires the development and maintenance of roads and road networks (highways, etc.) as the framework to enable driving.  If roads did not exist, the need for transportation methods would seem prohibitive.

Now that the roads exist, imagine automobiles are being built by various manufacturers, which have a common capability of being able to drive on roads and handle various road and weather characteristics.  However, automobiles are not being built on common standards.  For example, no two automobiles can exchange road tires.  No two automobiles can handle the same type of stereo system product.  No two automobiles can have their windshields replaced by common methods.

This is not the case in actuality for transportation, as automobiles are built on common standards, so that one can have a stereo installed by a stereo vendor who understands the common framework of automobile audio systems.  An auto glass company can support almost any automobile to replace a windshield due to the standards which automobiles are built on.

However, this is indeed the case for web mapping applications.  Currently, no two web mapping applications can use common data bindings to facilitate interchange of resources.  Applications are free to be built with a look and feel and interface relative to the requirements and policies of a given organization, however the means in which they access geospatial data are currently not based on a common interoperable approach.  This issue prohibits possibilities of integration of information across different applications, and breaks the information-sharing model, which many of the services they support are designed to support.  The diagram below illustrates this issue.
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Take for example the concept of graphic images, either acquired from scanned photography, or generated from a geographic information system (such as earth observation / satellite imagery).  A common information exchange mechanism exists in the image format, which allows a research scientist to visualize the information in GIS software such as ESRI ArcView.  A policy maker can also view this image for inclusion of an image in their presentation using simple graphics software such as Adobe Photoshop.  The applications above serve different purposes, however both support common images and documents for flexibility of the application in support of an end-user’s goals.

A research scientist should be able to view geospatial information over a network within a analytical application tailored to their goals, just as a policy / decision maker should be able to visualize the same information in a basic map browsing application to support their activities.  Given that applications can serve different purposes, a common exchange framework would prove beneficial in information exchange.

The Implementation Gap

In providing the conceptual ‘roadblocks’ to the current state of web mapping and visualization applications, some practical and real-world examples can be investigated to further illustrate the issues.

Multiple vendors currently provide web mapping and visualization software for viewing of geospatial resources, connecting through the OGC Web Map Service specification.  This allows users to view distributed geospatial data over the Internet through simple graphic images.

CubeWerx’ CubeVIEW application allows for visualization of geospatial data via WMS services.  Consider the following session within their CubeVIEW application, which displays basemap data as well a land cover dataset produced by the Canada Centre for Remote Sensing:
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While the application enables visualization of geospatial data through WMS, suppose the end user wanted to see this data in a different application using the same content, area of interest, scale, and image properties.  Suppose this user wanted to send this ‘view’ to a colleague, but the colleague does not have access to the above application, or wishes to use his or her own application with the same content.

Below is an example of attempting to replicate the above map composition with a different internal application also capable to display geospatial data through WMS.
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It is evident that a different result is displayed between two applications with end users in pursuit of the same geospatial view.  Below are the steps required by the end user of the second application in attempting to visualize the same data:

· Record connectivity information of each data layer

· Manually input this information into desired application

· Manually set area of interest and geographic projection

Even with the above steps, variances occur.  As a result, it is currently difficult to recast geospatial information with the same context across various visualization tools.

Web mapping and visualization tools are complex interfaces, which require various levels of effort by the end user.  End users should not have to become ‘experts’ in this software.  The more user-friendly user applications become, the more they will be used in support of decision making, policy, analysis, and so on.  A key concept to the success of web mapping and visualization applications is viewing the same content across the application of choice by the end user and organization.

As a result, there exists a gap in the information exchange of geospatial information as a view, state, or context, which has not been addressed by the geospatial community…until now.

Enter Web Map Context Documents

The concept of Web Map Context Documents is positioned to address this issue.  NASA and IONIC software originally put the concept of Context Documents forth during an OGC testbed activity to achieve interoperability of geospatial information.  The gap in the CGDI architecture and implementation propagated CCRS’ involvement, in support of the GeoConnections program, in further developing this concept into an adopted OGC specification, and an additional endorsed technology within the CGDI, and geospatial community in general.

Context Documents provide an application neutral definition of data from one or many WMS resources, as well as the state of the data (area of interest, scale, projection, etc.).  This concept is analogous to ‘projects’ or ‘workspaces’ in common GIS applications, which allow users to save and revisit their GIS application when desired, to continue their development and analysis at any point in time.

Context Documents enable sharing of application scenarios, demonstrative presentations, and can be saved, reused and discovered independent of the look, feel and functionality of a given application or tool.

Context Documents use the eXtensible Markup Language (XML) as the document definition and encoding mechanism.  XML ensures application neutral definition of information in a human readable and digestible manner.

Context Documents do not contain data level information, rather references to context and connectivity of geospatial web services, thus providing a lightweight approach to information sharing and publishing.

Context Documents separate visualization issues regarding content and interface / style definitions, which enable multiple levels of expertise to produce a visualization client for geospatial information.

Some possible uses of Context Documents:

· Context Documents enable various startup views for geospatial visualization tools of standards-based services such as WMS

· Context Documents can be saved by end users at any state within their activity

· Context Documents can be shared by supporting applications serving different purposes

· Context Documents can be published as a geospatial information resource and discovered in the same manner as a research project or activity

Conceptual Approach

The importance of Context Documents is the separation of content and style or functionality between geospatial visualization tools.  A complex tool can perform statistical analysis on spatial information, while a simpler tool can act as a data browser in support of discovery of resources.  Both tools can reference the identical information resources with this approach.

The diagram below illustrates how Context Documents can solve the interoperability problem between visualization tools using WMS information:
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It is evident from the above diagram that visualization tools can indeed be interoperable using the Context approach.  An additional document definition layer is added to the model, which, at first, may convey an additional level of complexity in GDI, however extends and supports the model of data sharing, in referencing visualization tools as service providers.

Consider the following two scenarios, which are now possible using Context Documents:

Scenario 1

A research scientist performs fire validation visualization / analysis in WMS-aware visualization application, with the research study area of Churchill, Manitoba during July / August 1999.  He / she decides to save state of application to Context Document.  He / she wishes to publish the analysis for public information to stakeholders, partners and the general public as an information resource.

The context is registered to a data broker, such as the GeoConnections Discovery Portal.  Later in time, a member of the general public would like to learn more about 1999 fires in northeastern Manitoba.  The user searches the Discovery Portal for relevant studies, when he / she discovers the analysis made by the research scientist.  The user wishes to visualize the analysis in a visualization tool, which supports context.  Using the Context Document, the user is able to visualize this information in the application of their choice (say, a simple viewer), independent of the potential complex functionality in the application of the research scientist, however portraying the same information through a map.

Scenario 2

Client A supports discovery of WMS layers.  Client B performs statistical analysis on climate data given an area of interest, as defined by a map view drawn by the end-user, using the WMS bindings as visual context.  Client C acts as a data ordering service.  These clients have a requirement for visualization of selected NTDB 1:50 000 WMS layers as published by NRCan.  The definition of one context XML document can serve each respective application.  Applications supporting context can be driven from remote contexts (or context collections, for that matter).

Furthermore, the look and feel of visualization tools can be developed independently of content sources and methods with the Context approach.  For example, a visualization tool developer can leave the geospatial information content information independent of the tool’s functionality or capabilities.  This can facilitate and focus the efforts of a tool developer on their specific skills, rather than a high level of effort in data content definition.

Implementation Approach

As a result, at a conceptual level, Context Documents can support and enhance the vision of geospatial information sharing through way of visualization and web mapping applications.

The NASA Digital Earth viewer client supports Web Map Context Documents, as does the CGDI owsview viewer client.  Both clients operate as demonstrative applications to illustrate the benefit of geospatial information interoperability, however have some slight differences in functionality.  The NASA tool enables validation of WMS services, as well as searching various NASA data repositories for scientific data collections.  The CGDI tool enables navigation based on Canadian Postal Codes and locations, as well as using the tool to search the Discovery Portal information holdings.  Both clients use WMS as the service which to perform visualization of maps and map data.

Below is a screenshot of the NASA tool with a map of locations of Earth Observation Data Information System (EOSDIS) gateways:
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End users can use this map composition to perform queries related to NASA scientific products.

Below is an accompanying screenshot of the CGDI visualization tool with identical content definition using a Context Document exported from the NASA tool:
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Here, end users may wish to perform searches on the Discovery Portal to locate companies providing geospatial and scientific research and consulting services close to Canadian nodes of the EOSDIS network.

An additional example of interoperability is illustrated in the screenshot below from IONIC’s prototype visualization tool.
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It is evident from the examples above that Web Map Context Documents enable information sharing with additional emphasis on the geospatial characteristics of a particular end user’s analysis.  Both visualization tools use the Web Map Context Document approach to import and export this type of document.  The examples above are generated from a single Context Document and accessed through the Internet.  This eliminates the requirement for duplicating and maintaining information resources, in the same manner that geospatial web services accomplish the same.

So What?

Just how does this concept help out issues regarding geospatial data infrastructures?

Web Map Context Documents can facilitate and support the following issues:

· Map sharing: by various information communities with common mapping requirements

· Applications and websites independent of data access mechanisms, and deliver geospatial information as a visualization component as driven by Context Documents

· Discovery: Context Documents can supplement information ‘portals’ tailored to a specific area of interest.  For example, the GeoNova program in Nova Scotia can build an application portal with emphasis on Nova Scotia, and use Context Documents to provide visualization

· Communication: practitioners can more easily communicate across global communities without special instructions on how to view a map on the Internet

· Projects: many information communities can develop and publish Context Documents relative to their application domain, which can enable quicker access to discovery of information holdings with a specific theme and area of interest, which can be used by any application

Context XML can provide a common fragment with regard to the following approaches, initiatives and programs as described earlier in this paper:

· OGC Abstract Specification: by adding and recognizing web clients in the client-server paradigm of the abstract, enhanced interoperability can be achieved, similar to sever to server communication

· CGDI and GSDI: by providing Context XML as ‘bookmarks’ for stakeholders and partners within the GeoConnections program to facilitate geospatial data usage over the Internet

· GDI: by providing an interoperable approach to geospatial content sources, visualization tools can focus more on functionality rather than data access

Context Documents can augment all of the frameworks and approaches above in facilitating data sharing and usage, in the context of visualization tools evolving into and adhering to common fragments.  In this manner, practitioners from diverse application domains can visualize data from identical services, being provided as prescribed by their respective visualization tool or application.

Current Status

Within the OGC community, the Web Map Context Document specification has been recognized and acknowledged as a Discussion Paper by the OpenGIS Technical and Principal Committees.  Organizations have public access to this document, and, as with other Discussion Papers, have the option to implement the technology with the awareness that, as a Discussion Paper, a formal and more exhaustive engineering process is yet to be exercised.  The specification will be presented as a Request for Comment specification to the OGC in February 2003, after which, if approved, will be adopted by the OGC specification program as an official implementation.

The current team ensuring this is achieved is comprised of NASA (United States), IONIC Software (Belgium), and GeoConnections (Canada).  NASA, IONIC and GeoConnections performed upgrades to their visualization applications to support this concept, and technology integration experimentation and interoperability testing was performed to ensure adherence to the specification.

The latest draft specification has been developed and produced by NASA, IONIC, and GeoConnections, and is enclosed in this package.  The current public release of the Context Document Discussion Paper [3] can be found at:

http://www.opengis.org/techno/discussions/02-066r1.pdf
Examples of Web Map Context Documents, and applications showcasing this technology, can be found at:

http://www.kralidis.ca/gis/webmapcontext/examples.htm
The GeoConnections and NASA programs are positioned to officially accept Web Map Context Documents as an endorsed specification following adoption by the OGC process.

IONIC software is building Context support into their commercial off the shelf web mapping visualization tools.

DM Solutions Group is building Context support into the public domain University of Minnesota (UMN) MapServer tool for web mapping and visualization.

Currently, many tools and visualization applications are incorporating Context Documents, including those cited earlier from IONIC, NASA and CCRS.

Web Mapping and Visualization: Way Forward

While Web Map Context Documents address lack of interoperability between visualization tools, further investigation is required to broaden and increase the role of visualization tools and applications within the GDI community as interoperable.

It is envisioned that the Web Map Context Document approach will evolve by supporting more than just WMS data connections (such as Web Feature Service, Gazetteers, Catalogs, etc.), evolving into an ‘OGC Web Services (OWS) Context Document’.  As service types increase, and applications support them, Context Documents should also support them, evolving the use to more services through this simple approach.

Currently, web mapping and visualization applications are seen as the end result of the geospatial data infrastructure, as consuming services.  However recognition is needed to refer to applications as services themselves.  Standards-based definitions and descriptions of such tools and applications, in the same fashion as current geospatial web services, are required for the increase of usage of visualization tools on the Internet.

Web Map Context Documents are positioned to address issues beyond that of basic data access, but additionally to the semantics of web based visualization tools in a standards-based, interoperable method.  Currently, web mapping and visualization tools and applications are the ‘showcase’ of distributed geospatial computing, services and interoperability, and, as such, require close attention to providing functionality of Web Map Context Documents, as this paper has attempted to illustrate.
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