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Introduction

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.

The objectives of this paper are as follows: 1) to provide brief, high level reporting, and analysis on each chapter, 2) to provide overall recommendations by providing an overview and rationale for geospatial web services and how they can benefit areas of the GDI, such as those discussed in this book.

Key Points and Analysis, Chapter by Chapter

Introduction

This chapter provides an overview to the growing popularity and applicability of GDI, along with the emergence of the ‘information marketplace’.  This chapter discusses the growing investment in geospatial technology, the focus on the integration of these technologies, and the core components of GDI (Geospatial Data Sources, Geospatial Information Systems, Networks, Standards, Institutional issues).  The GDI concept originated in the 1970s with focus on common data standards between survey mapping organizations.  GDI encompasses the networked geospatial databases and handling, complex organizational, technical, human and economic issues which intersperse with one another.  GDIs seek to support sharing of data via standards (national spatial reference systems, templates, etc.)

Who wants a GDI

This chapter is contributed by Lance McKee of the OpenGIS Consortium (OGC), and discusses the technology push and market pull associated with the evolution of information infrastructures, and attempts to provide some predictions and observations with regard to the growth and development of GDI.  This chapter conveys the idea of the reuse of current technologies for cost-effective implementation and maintenance, as well as the increase in mobile communications and information technology infrastructure.  The GDI is positioned to uncover and exploit new markets, application domains, and modes of geographic thought and modeling.  The importance of GDI is stressed in suggesting the allocation of funds for community data warehouses in the same context as other infrastructures such as roads and highways.

This chapter exemplifies the notion of information sharing and collaboration, supported by standards, to lessen efforts, which are not broad in scope.  One can also agree with the potential for chaos in differing standards and policies across different organizations and application domains.

GDI from a legal perspective

Jan Kabel from the Universities of Amsterdam and Utrecht contributes this chapter.  The idea of government as a non-commercial entity is put forth here, as well as privacy and liability issues.  This chapter presents a very important issue in GDI and how the increasing power and functionality of the Internet can lead to information access for unauthorized individuals, which may lead to incoherent derived data products, policy and organizational decisions.  This is especially present in the intermediaries of GDI, such as those who use data to produce value-added products.  Intermediaries are at risk from both the data acquired, as well as the liability of passing derived information deemed to be correct as represented by them as a broker.

The concept of policy within GDI, much like policy within any initiative or organization, presents an unenviable task to those tasked to research or implement it.  Technical issues are very easy to solve in comparison.  GDI must strongly consider legal implications and also consider them on the same priority level as technology and data itself.

Funding an NGDI

David Rhind, formerly of the UK Ordnance Survey, contributes this chapter.  Rhind discusses the resources required in creating and maintaining NGDI.  These resources include humans, technology, and the infrastructure itself.  Also discussed is the need to measure the benefits of NGDI and complexities associated with the same.  GDI must be adaptable and responsive to changes in needs and issues within organizations and the geospatial community.  There are many partners in GDI, who all have different underpinnings and concerns for their involvement.  In this context, a GDI is essentially a global entity, with no president or owner, yet many key players.

The question this chapter raises is how does one measure the success of GDI, and the importance of geospatial data?  For GDI to be successful, it should aim to support the general information infrastructure and to provide access to geospatial data and services and enable the increased usage of GDIs to enhance knowledge, decision making, and so on.  A genuine admiration and belief of geospatial information and infrastructures is needed to foster growth.  It is obvious that the adoption and promotion of standards will certainly reduce costs to enabling technologies in the GDI.

The role of standards in support of GDI

Peter L. Croswell contributes this chapter.  Croswell discusses the greater awareness of standards, as well as the problems standards create.  Croswell addresses the many questions in selecting standards in deploying a successful GDI, such as which to choose, and how to exploit them to the benefit of a GDI.  GDI requires interoperability, which can leverage from the advent of standards, of which the geospatial community is lacking.  Standards are designed for broad, long-term use.  Bodies such as ISO and OGC are putting forth efforts to standardize common services and products to enable sharing of information and services with little added effort.  Non-standard geospatial data and services produce ‘silos’, which cannot be further integrated.  However, standards are usually representative of a long, arduous process, one where organizations cannot afford to wait, and as a result produce data and services with specialized formats and / or dependencies.  It is evident that very simple, backwards compatible standards must be initially put forth to act as a foundation (or ‘building blocks’), and be reused by forthcoming, more advanced standards.

The chapter fails to recognize GML or XML as an encoding standard for data formats and services.  GML/XML offers a level of abstraction and self-describing format, and powerful processing capabilities for the developer, and can be applied to all aspects of geospatial data and services (data formats, interfaces, metadata, etc.).

Quality management in GDI

Mark Doucette and Chris Paresi contribute this chapter, which focuses on quality of products and services.  Quality management is very prominent in commercial environments.  Due to the many potential uses of geospatial data, there exist diverse demands and issues surrounding user needs.  Data integrity is the most important factor in quality management of a GDI (lineage, consistency, accuracy, precision).  The role of quality in GDI is increasingly gaining importance due to the ease and widespread use of desktop GIS software, enabling virtually anyone to create and distribute geospatial information.

This chapter lacks proper references to services, which provide data, and the need for quality management for services as well; in particular the emerging web services which are increasingly acting as data distribution and access mechanisms.  Typical data acquisition can be through media, or online web access of file based (or discrete) products.  However, web services are quickly providing similar services, such as the OpenGIS Consortium (OGC) Web Feature Service (WFS), or Web Map Service (WMS).  Users are increasingly using such services to acquire maps and map data for slide presentations, or acquiring feature and attribute information for use in their local projects and initiatives.

The issue with data quality, which requires close attention, is that of data semantics.  GML, and most other data format concentrate on syntax and structure of geospatial data.  As such, models need to be created and maintained for various application domains, and subsequent vocabularies can be published.

Anticipating cultural factors of GDI

Willem van den Toorn and Erik de Man contribute this chapter, which focuses on cultural issues in implementing and developing GDI.  Different countries are reacting in different ways to the handling of access to government data, due to national culture rather than technical issues.  Societies deal differently with change and uncertainty (opportunity or threat) through these indicators: human inequality in power and wealth, relationships with authority, dealing with uncertainty, division of roles between men and women and relationship between individualism and collectivism.

It should be noted that culture should also be considered in terms of economic status and position of a given culture.  Though the chapter provides indicators to describe cultural differences (one of which being human inequality in power and wealth), this does not discuss culture as a result of economics.  There are many cultures in which economics or change / uncertainty are not important in comparison to other cultural factors, such as preservation of values, traditions, beliefs and so on.

A strong example of cultural differences and factors is that of Canada’s perceived ‘brain drain’ (see http://www.cbhr.ca/analysis-brain_drain.htm).  This 1999 documentary focused on individuals who moved to the United States from Canada for career opportunities.  The documentary showed that the case studies (most of them in IT/IM) did not move for economic / salary issues, yet they felt that they would have a more successful career as far as making new developments in research, as well as presenting new ideas and concepts, which were not necessarily possible in Canada at the time.

The foundation technologies

Wolfgang Kainz contributes this chapter, which focuses on the Internet as the foundation technologies for GDI, with such concepts as the clearinghouse.  This chapter discusses the role of computers and communications within GDI.  The client-server model is also discussed in portraying distributed, independent processes across networks.  The GDI is dependent on this model.  The chapter gives an overview to various technologies at various layers of distributed systems.

This chapter fails to mention the importance and emergence of XML and Web Services, as a powerful replacement for HTML as content management.  The nature of XML and web services will enable the separation of content from styling, and will facilitate application neutral services.  For example, http://www.canoe.ca/ can potentially provide an XML web service, from which others, either free or subscription, can use this service to embed Canoe news feeds in their applications in their own style and view.  This chapter also fails to mention the importance and emergence of web services as operations or systems providing content for geospatial resources.

GDI architectures

Yaser Bishr and Mostafa Radwan contribute this chapter, which focuses on potential GDI architecture possibilities, components and technologies.  The chapter portrays the idea that the challenge in GDI for architectures is not algorithms, but data access and handling.  The chapter also discusses interoperability issues (such as syntax, schemas, semantics), issues with client-server model in distributed processes in the absence of standards, and how the clearinghouse is the broker or gateway system to an infrastructure.  Metadata is also discussed at different levels, such as collection level vs. product level.

It is evident from this chapter that GDI does not necessarily require geospatial professionals, but ‘Internet architects’ with geospatial knowledge.  Handling and accessibility is paramount in GDI.  This is not to say that geospatial professionals are not deemed important or needed, but in different contexts of GDI.  Syntax, schemas, and semantics are all agreed issues for GDI in terms of interoperability.  I find this chapter fails to recognize or suggest a ‘way forward’ for the formalization or development of such semantics (dictionaries), syntax and schemas, nor does it recognize the vast amount of development by the OGC and other international organizations (GXML in Japan, etc.).

The CEONet gateway is indicative of the chapter’s discussion of a clearinghouse design, in maintaining a repository of high-level metadata, and acting as a broker for detailed (product level) metadata queries.  The CEONet program, originating in 1994 is fortunate to have CCRS involved in the broader EO community for knowledge of information systems and services.

Conceptual tools for specifying geospatial descriptions

Martien Molenaar contributes this chapter, which discusses semantic modeling for optimal data collection and sharing.  This chapter discusses vector and raster data structures as well object models when building data schemas and frameworks.

In terms of geospatial descriptions, this chapter fails to recognize services as geospatial entities.  Geospatial services are increasingly providing data through the Internet, many through OGC public specifications.  While data descriptions are still required, so too are their associated services and service descriptions.  The W3C has published draft specifications such as Web Service Description Language (WSDL).  Such technologies will enable users and application developers to connect to services and use them in a meaningful way without in depth knowledge of the service syntax.

The chapter also reviews some basic geospatial data structures, but does not refer to GML when addressing vector data structures.  The very concept of GML and the underlying XML and XML Schema technologies provide powerful tools for many aspects of GDI, with vector data as a prime example.

Spatial referencing

Marco Hofman, Erik de Min, and Ruben Dood contribute this chapter, which focuses on the geometric components of geospatial positioning and referencing, and relevant issues.  Concepts such as map projections, datums, spheroids, and ellipsoids are discussed.  GPS is also discussed as a powerful and accurate technology for capturing positions on the earth.

This chapter does not refer to community efforts (such as EPSG) in addressing spatial reference systems in an interoperable fashion, which is needed for GDI.  The many issues presented regarding spatial referencing systems are issues which can be addressed by current efforts in the geospatial / information technology community.

Spatial referencing is also critical in the context of collection level metadata, and should be addressed.  Metadata should include, for integrated product collections, the method of transformations and definitions (or pointers / references) of spatial reference systems as prescribed by an authoritative organization.

Photogrammetry and remote sensing in support of GDI

Gottfried Konecny contributes this chapter, which focuses on airborne and satellite systems with regard to data collection.  This chapter discusses methods of data collection using these technologies, such as various sensors and GPS.

It is surprising that this chapter does not discuss in-situ efforts through web services, which are becoming a large part of GDI and various international initiatives.  CGDI, FGDC, NASA, CANRI, and others were sponsors in the recent OGC OWS1 testbed, which included efforts for producing sensor collection services, an XML-based Sensor Markup Language, and Sensor Observation Models.  In-situ sensing enables widespread information sharing of existing distributed sensors deployed in various environments, such as climate, pollution and farming.

Access to GDI and the function of visualization tools

Menno-Jan Kraak contributes this chapter, which 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.

Human resources issues in the emerging GDI environment

David Coleman, Richard Groot, and John McLaughlin contribute this chapter, which focuses on human resource relating to GDI and its evolution.  The chapter illustrates the increasing demand for GIS and geospatial information science, as well as the advance of technology and GIS software as desktop, enterprise and modular components.  Mapping specialists are less needed, in lieu of spatial experts with knowledge of networking and associated Internet technologies.  This chapter discusses education in geomatics, presenting various methods of acquiring certification in GIS, and suggests best practices to employers when seeking a geospatial professional.

This chapter does not address the next generation of geospatial process: distributed web services.  In this context, the need for the ‘Geospatial Web Architect’ is emerging.  GIS software presents an ease of use to end users that may be harmful in finding adequate human resources within GDI.  With the shift from desktop to distributed systems, the need for application programmers, who possess the knowledge and skills to develop and emulate desktop GIS software, has increased.  This may be in part also to the educational system in geomatics, which does not yet address the concepts of infrastructure, architecture, distributed data and services, and the Internet in the context of geomatics.

Four cases

David Finley, Karen Siderelis, Don Grant, and Arnold Bregt contribute this chapter, which provides four case studies as best practice (Finley: Service New Brunswick, Siderelis: North Carolina, Grant: Australia, Bregt: Netherlands).

This chapter provides four case studies as best practices of GDI.  Each case study appears to be a successful implementation as a best practice of GDI.  Organizational and political support is required for any GDI development.  It is evident from the case studies that each initiative involves at least one major output, whether it was a unifying dataset, information system, or clearinghouse.  This is representative of the GeoConnections Discovery Portal with the CGDI.

An interesting issue to point out is that no initiative has explicitly referenced a major vendor in implementing their respective GDI.  ESRI has recently has launched the Geography Network, and concepts such as “g.NET”, (similar to Microsoft’s “.NET”) for geospatial web services.  The Geography Network and g.NET are near shrink-wrapped components that can quickly foster and develop the GDI concept, for clearinghouses and geospatial web services.  It will be especially interesting to see ESRI’s involvement in countries that will be implementing GDI, once organizational and political issues are resolved and policies and goals put in place for a way forward.  It will be interesting to see how GDIs develop, as geospatial tools become more available, turnkey solutions.

Advancing the GDI concept

John McLaughlin and Richard Groot contribute this closing chapter, which focuses on the development of GDI and the key building blocks, and how the concept is beyond academic theory, and prepared for implementation.  This chapter discusses GDI as an extension of telecommunications networks, and base mapping efforts of the 1960s and 1970s.  Data sharing paradigms and examples are given from as early as the 1960s, and how the shift is currently from centralized to distributed databases.  This chapter discusses the critical mass produced as a result of increased geospatial data handling, cheaper and user-friendly technology, ubiquitous data, communications and more experienced people.  Two approaches (top-down, bottom-up) are given in implementing GDI, and how they differ.  Geospatial information has always been valuable, however its benefits are more easily exemplified and justified currently than in the past.

The authors mention how there is no lead architect in GDI, which is analogous to the global economy as a whole.  Services are becoming decentralized.  For example, head offices in Toronto slowly started to migrate to Toronto suburbs, or elsewhere to leverage lower overhead costs and networks and information sharing.  Though location is an important aspect, the decentralization of industry and economics has shown that location is not as important in the context of doing business.  This also applied to GDI.  Organizations can collect, publish and maintain their own data holdings, and publish them through clearinghouses, used by end-users or clients to geospatial data and / or services.  Data is kept closest to the source, and is in a better position to be update and complete.

The top down approach is one similar to the GeoConnections initiative.  Coordinated by NRCan, GeoConnections involves many committees, strategic goals, and is geared to output clearinghouses, data frameworks, and geospatial policies.

The bottom up approach appears to benefit specific application domains, such as a national data model or distribution for road networks, toponymy or hydrographic data.  The problem I see here is the horizontal integration of these application specific outputs at a point where datasets and systems are already deployed and operational.  This will usually involve bridging strategies to integrate geospatial information and services.

Recommendations

This book provides an adequate treatment of geospatial data infrastructures, from historical aspects, to the various components, which comprise a GDI.  Issues are discussed in a manner which is not intimidating to the reader.  Technical aspects are explained clearly and concisely, appropriately leaving out the complexity, or ‘nuts and bolts’, as this is not the purpose of this book.

Two general recommendations are provided for this book.  Firstly, as GDI involves many technical aspects through standards and interfaces, I would recommend that this book offer an authoritative reference to practical implementations at the technical level, for managers or decision makers to be aware of, and provide to their technical staff.  It is recommended that the GSDI Cookbook be a technical reference (http://www.gsdi.org/pubs/cookbook/).  The GSDI Cookbook discusses implementation level factors and in the context of organizational and technical issues, and provides geographic information providers and users with the necessary background information to evaluate and implement existing components of GDI.

Secondly, this book seems to have missed entirely with concepts of geospatial web services, and what is taking place in terms of visualization, access and discovery of data through common interfaces, in the geospatial community.  This book elaborated on z39.50, but did not reference or discuss concepts such as Web Map Service (WMS), Web Feature Service (WFS), or Geography Markup Language (GML).  These technologies are standards-based interfaces, which are increasingly being used throughout organizations contributing to GDI.  For example, WMS, WFS, and GML are all endorsed specifications of the Canadian Geospatial Data Infrastructure (CGDI).  These technologies were present well before the time of the publishing date of the book (2000).  In this respect, this book can use two or three more chapters on such technologies and standards.  A section entitled “Visualization using standards-based interfaces” is proposed below.   This section is best referenced from chapters 5, 8, 9, and / or 13 fro Groot and McLaughlin.  The chapter proposed acts as an example of information for this book in the context of web services, which can be accompanied by similar sections or chapters on GML and / or WFS.  This chapter can be 

Visualization using standards-based interfaces using WMS

Introduction

A Web Map Server (WMS) is an Internet-based service, which is designed to display maps and / or images possessing a geographic component and whose raw spatial data files reside on a server or workstation.  Typically, WMSs communicate using Hypertext Transfer Protocol (HTTP) to receive and respond to requests for spatial data.

A WMS exists to provide on-line spatial data and map serving capability for disparate Internet applications.  They are based on the use of open standard that enables client/server interaction.

A WMS can aid in the visualization, access and discovery of spatial data and services.  Some examples of the applications of a WMS:

· Spatial searches of data catalogues;

· Access and download of data based on a spatial component;

· Display of data based on spatial input parameters by the user;

A WMS is useful to organizations, academia, and industry that wish to enable Internet-based services of their map products, services and data using a spatial (locational) element.  The use of maps can benefit many areas such as policy decision making, environmental monitoring / climate change, and military surveillance.  The use of on-line maps and map data are further useful when integrating a common, accessible platform such as the Internet to provide map-based services.  The result of on-line mapping, in comparison to the traditional mapping process, is a quicker more customizable map.

A compliant WMS does not require any special software viewer other than an Internet browser, such as Netscape Communicator, Microsoft Internet Explorer, Opera or Hot Java.  This is a substantial difference and advantage to spatial data viewing in terms of software requirements.  Traditionally, spatial data visualization requires vendor specific software to recognize common formats and definitions.  These packages typically require advanced processing capabilities of the user’s computer / workstation.  In addition, expensive, ongoing licensing and support agreements between the user / organization and the vendor are also required.  The use of common Internet standards and practices leverages a wide base of spatial data users, from policy advisors searching for nationwide base maps, to advanced organizations searching for satellite imagery for applied applications.

In terms of the added value of a WMS, take for example: A typical data search is based on user-entered criteria, such as “Provide me with all invoice records whose balance is greater than $300.00”.  A WMS extends this capability with an example such as, “Provide me with all invoice records whose balance is greater than $300.00, only for residents of British Columbia or persons residing within a 60km buffer of Manitoba.  In addition, return this information to me plotted on a map image, in my Web browser”.  Thinking spatially enables us to provide location-based solutions allowing for better and more informed decision-making.

The WMS concept opens opportunities for a variety of users and / or providers to visualize and provide spatial data in a method, which is based on open and documented standards.  These standards are in ongoing development, and do not require software systems budgets or contracts, since the technology is free to the public to access, input, provide suggestions and implement and / or exploit.

The WMS is applicable to both free and fee type spatial Internet services.  Organizations can publish this type of data and service at no cost to the user as well as charge user fees (e.g. nuisance, cost of maintenance, value-added) in order for users to view and / or access spatial data provided through a WMS.

The benefits for enabling WMS services to GDI are numerous in the ability to provide visualization, access and discovery services through a WMS framework.  This facilitates the seamless integration of maps and map data to provide custom maps for visualization.  The WMS framework enables GDI to have up to date map data, from the source, with its various services, providing the GDI community with improved quality spatial data.

A WMS is of interest to the geospatial community at large, due to its close ties and interoperability with the Internet.  This has revolutionized the way in which the global community communicates allowing very few technical and monetary constraints in comparison to the past.

Interoperability

Currently, numerous Web mapping services exist across the Internet.  However, due to various issues, many of these mapping systems are not compatible in terms of hybrid communication, i.e. between different systems, operating systems and protocols.  For example, some organizations / vendors may choose to develop Internet mapping systems with very specific operational requirements; these may or may not be applicable to all environments.  This results in a lack of interoperability.  Some vendors choose to conceal source code to keep users dependent on further production and upgrades.  Some vendors and / or organizations may choose to develop systems on a specific computer platform environment, not taking into account possible errors or issues when applied to a different platform.  Some vendors require plug-in extensions to the Web browser.  Also some vendors may choose to develop outside their product outside of common standards to provide value added products and services, which are advertised as more functional than their competition.

As a result, these services are similar to stovepipes or silos, functioning as expected, specific to their requirement, but with no possibility of interaction or interoperability with other Internet mapping systems and services.
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The figure above shows a typical user, searching for spatial data on the Internet.  The user finds three different map servers with data of interested, but all three are operating independently of each other.  The user can’t find a way to overlay all the maps from the three mapping systems, into one combined map.

Open GIS Consortium (OGC)

The OpenGIS Consortium (OGC) began in 1994 in the effort to create a technical committee that would agree on open interfaces for network interoperability of systems. (see http://www.geoplace.com/gw/2001/0201/0201rw_1.asp).  Since then, vendors have participated in the specification programs to promote interoperability in geospatial data access and applications.  The OGC specification program promotes distributed geospatial computing, making Web mapping as open on the very Web on which it resides.

The WMS is part of the OpenGIS (OGC) specification program.  The OGC represents a cooperative effort between industry, academia and government to promote and develop open standards based distributed spatial computing solutions.  Such examples are developing Internet-based spatial data cataloguing systems, capabilities to reference and organize spatial data layers for efficient query and retrieval, providing methodologies, which can react to the speed and unpredictability of technology development and the Internet.  The mandate is to develop geospatial applications and services in a world-wide-Web environment, which are interoperable.

The OGC sees the situation in the above figure as an opportunity.  Web mapping and distributed geospatial computing has the potential to serve the geospatial community with advanced on-line spatial data services, such as data catalogue searching / browsing, satellite imagery visualization, street network routing and mapping.

By utilizing the Internet as the gateway, organizations have the power to interoperate and benefit from each other’s services, as well as provide users and consumers with a richer spatial Internet platform and environment.

For example, popular and powerful systems such as Microsoft’s Terraserver or MapQuest are very impressive spatial information systems, yet lack the potential to collaborate with one another in an Internet environment.  Imagine a cascade effect between the two mapping systems / services, which allows users to get city maps, driving directions, etc. using MapQuest’s routing and network services, combined with Terraserver’s on-line satellite imagery gazetteer as a backdrop layer.

To give a local context, this could also be applied to the various Web mapping services undertaken in Canada.  The Canada Centre for Remote Sensing’s National Atlas of Canada is responsible for the development and maintenance of an authoritative synthesis of information on the geography of Canada.  The service currently provides a Web mapping server, which is not WMS compliant.  Natural Resources Canada’s Centre for Topographic Information has developed Toporama, a Web mapping service, which displays digital topographic raster data for visualization and purchase, is also not WMS compliant.  Both are good examples of impressive Web mapping systems but the potential to combine the capabilities of the two would offer extensive possibilities for data layering combinations.

The high level diagram below builds on the previous diagram, with the mapping systems being combined through a discovery service, broker mechanism or application and subsequently providing the user with a seamless combined map on their Web browser.  The arrows in orange display the linkages made possible by the interoperability through the WMS architecture.

In the figure below a user finds a discovery service, which acts as a gateway to various map servers.  The map viewing client has the ability to combine map layers from remote locations on the Internet.  The discovery service and map servers are modeled on the OGC approach.  The user makes a spatial request, the three layers are combined, with the colours and styles requested into one final map.
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WMS Versus other desktop and Web-based mapping

WMS mapping differs from traditional desktop/workstation and previous Internet-based mapping applications in a number of key ways.

Traditional desktop mapping applications

· Local data;

· Lack of network support and connectivity;

· Less restrictions on bandwidth for data access;

· Local computing environment;

· Inability to provide and access disparate spatial data seamlessly into application;

· More adept to more CPU intensive geospatial analysis;

Other Internet Mapping Applications

· Often require vendor specific plug-ins;

· Lack standards compliance;

· Lack of control and / or user customizable;

· Often centered around vendor based spatial data and desktop application;

· Difficult to integrate disparate data sources;

WMS

· Standards: a WMS is based on standards, which are documented and available free to the public domain.  This approach can lead to more involvement and interaction from the geospatial community.  The result is a service or technology which is not dependent on budgetary issues, as well as a collaborative effort between a wide range of individuals who strive for the advancement of GIS through free sourced Internet methods;

· Try-first, announce after approach: OGC implements a “testbed” approach where supporting organizations participate in applications and demos; upon collaboration, standards and specifications are augmented and agreed upon.  This “vendor participation” approach ensures the most interoperability and conformance to open-standards based technologies and protocols.  This method creates well-tested working prototypes of interfaces (see http://www.geoplace.com/gw/2001/0201/0201rw_1.asp).  The OGC provides a product testing service to assess vendors’ products against the specification program.  For more detail and examples of vendors/products who have passed formal conformance testing see http://www.opengis.org/techno/conformanc.htm 
WMS Core Operations

A WMS has three core functions, which will be outlined below:

GetCapabilities

This interface provides a listing of what interfaces are supported by the WMS and the properties of those interfaces (i.e., layers, formats, exceptions, etc.).  This listing is useful to users who wish to use the WMS.  For example, a developer searching for base layer data of South Africa can query the WMS via capabilities.  The interface’s use of spatial extent, keyword and projection parameters serves useful in further implementation of spatial searches by service registries and other discovery type infrastructures.

This request method covers what kind of data is available on a given WMS, whether it can be queried to find out more information about it and whether the data is available in one or multiple geographic projections for the user to work with.

GetMap

When a user invokes a GetMap request, the WMS will provide an image based on the spatial and aspatial (data without a geometric property) queries given by the user.  Providers have the option of adding multiple image types for various applications.

GetFeatureInfo

The GetFeatureInfo request returns textual/attribute information about a given point or region requested by the consumer.  Often, this returns attribute data associated with the graphic element, such as population density information, elevation, socio-economic data and so on.  This feature is optional for a compliant WMS.  For more information, see the specification at: http://opengis.org/techno/specs/00-028.pdf
At a high level, the WMS initially documents itself by way of a “capabilities” file, which users can access.  This file denotes the various layers of geospatial data are accessible through the WMS service, as well as other parameters such as output image formats supported, spatial extents and projection support.

Architecture and Characteristics

Below is a high level diagram of the functionality provided by a WMS:

[image: image3.wmf]
The figure above outlines the three capabilities of a WMS (in blue), and what they return to the client (in red).  Asking a WMS about its capabilities will return a text listing and description of what to expect from the service.  A GetMap request result is shown via the output map image on a Web browser.  Requesting feature and attribute information provides a listing of records found within the area of interest and their properties.

A WMS results in numerous advantages to the supplier and user communities.  Before discussing these advantages, it is useful to iterate the benefits of the distributed spatial data approach.

The Distributed Spatial Data Approach

Any number of real world applications will require some form of distributed spatial data infrastructure.  The cost / feasibility of multiple copies of spatial data quickly becomes unmanageable.  If applications require remote up-to-date data, local copies result in large, ongoing data management budgets.

Distributed spatial computing enables organizations to provide and access spatial data from the source, where changes and updates are made, rather than making their own changes and updates to cached and possibly out-of-date datasets.  As a result, organizations benefit from less local storage space, less redundant datasets and data management.

User advantages

The benefits of an organization registering a WMS are paramount to the user.  Users benefit from the vast amount of spatial datasets available to them from the source server, without the requirement of maintaining the data.  Using simple HTML and by providing parameters which are acceptable by the WMS specification, they can embed and display geographically referenced images to their application.  Advanced users and developers can take advantage of WMS services by using such technologies such as Java, JavaScript, and Cascading Style Sheets to provide more interactive and seamless HMI functions to their end clients.
Supplier advantages

An organization may host a WMS for their own application requirements related to map-based visualization, discovery, access and other needs.  By registering the WMS with a discovery service or broker, the organization enables the community to develop applications using the registered map server.

The WMS is seamless and transparent, yet also provides the functionality to visualize and integrate diverse and various spatial and aspatial data.

Supplier Control Mechanisms

The WMS specification allows an organization to enable “Vendor Specific Parameters”; these properties display parameters or properties specific to an organization’s WMS service, which may not be part of the WMS specification version to which it is applied.  For example, an organization can provide additional functionality to their WMS, which returns getMap requests to produce image formats specific to the user’s requirements.  For example, two organizations make the same request to a specific region of Saskatchewan to get data about rainfall.  The WMS can offer other format outputs, in addition to simple maps, such as charts, graphs, plain text records, etc.

Another example is providing Vendor Specific Parameters to access and licensing or to the data layers themselves.  Though this is covered in WMS under the FGDC-like keyword “Access Constraints”, organizations can define, in detail, the properties of accessing and visualizing spatial data which they wish to have more control over, such as time of day, pricing mechanisms, etc.

The Vendor Specific Parameters allow the organization to customize the WMS to their general application requirements, as well as maintain an OGC WMS compliant and interoperable service.
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