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v. Changes to the OpenGIS( Abstract Specification

The OpenGIS© Abstract Specification does not require changes to accommodate the technical contents of this document.
Introduction

NOTE: This document was written mostly during May of 2003 before events in the GOS Program made some of these statements incorrect. The reader should be aware that the GOS Portal Initiative (GOS-PI) references are made with respect to an architectural vision and demonstration that was developed by OGC members in the first half of 2003. This document, in its entirety is included in the final report package delivered to US Department of Transportation and is available from the Open GIS Consortium upon request. The author feels that the discussion must remain as written because it formed the mindset and impetus for the GOS-TP project.

The Geospatial One Stop Transportation Pilot (GOS-TP) plays an important role in the overall realization of the Geospatial One Stop Portal (GOS-PI). GOS-PI makes it easier, faster, and less expensive for all levels of government and the public to access geospatial information. Geospatial One-Stop (GOS) is one of 24 e-government initiatives sponsored by the Federal Office of Management and Budget to enhance government efficiency and improve citizen services.

One of the main objectives of the Geospatial One Stop Portal Initiative (GOS-PI) is to implement a working Portal providing access to geospatial data, maps, and metadata, as well as to define and document an architectural framework for that Portal. GOS-PI defines three broad classes of Information that can be shared:

· Primary Information that complies with the Framework Data Standards, support metadata standards, and is accessible using service specifications supported by the Portal

· Secondary Information is similar to the Primary Information except that it does not comply with the Framework Data Standards.

· Tertiary Information is similar to the Secondary Information except that it is not accessible through services supported by the Portal.

GOS-TP is a step towards providing Primary Information Sources for the GOS-PI. The architecture presented in this document describes the current implementation of GOS-TP as well as less learned from the testbed. The design of the architecture takes into account the reference model of OGC and its broad spectrum of specifications and discussion papers.

This implementation architecture specifies the scope, objectives and behavior of The GOS Transportation Portal and its functional components that builds on the GOS-PI Architecture Framework. The architecture presented in this report incorporates technology choices, which have been defined for, or have evolved out of, other interoperability initiatives within OGC. Since GOS-TP is planned to be a primary data source for the GOS-PI, the technology choices may be influenced by the technology choices made during the implementation of the GOS-PI.
The architectural framework presented in this Interoperability Program Report addresses the implementation of the GOS-TP. The GOS-TP is deployed using several OpenGIS Web Services interface specifications, based on the requirements and corresponding Use Cases in GOS-TP RFQ, 

Unless otherwise noted, the architecture described in this report is consistent with the terms and concepts put forth in ISO 10746 (Reference Model for Open Distributed Processing, RM-ODP). Following the RM-ODP international standard for architecting open distributed processing, this document describes the architecture in terms of the viewpoints described in the following table.

	RM-ODP Viewpoint
	Areas of concern

	Enterprise viewpoint
	Purpose and scope

Policies 

Responsibilities

	Information viewpoint
	Information processing semantics

Information of the system

	Computational viewpoint
	Functional decomposition

Interfaces 

Operations 

Binding rules

	Engineering viewpoint 
	Infrastructure required to support distribution

	Technology viewpoint 
	Choice and suitability of technology to support system distribution


GOS Transportation Portal Implementation Architecture

1 Scope

This OpenGIS® Interoperability Program Report (IPR) is a description of architecture of the Geospatial One-Stop Portal for Transportation. It is a description of the implementation architecture and for the integration of software applications with the GOS-PI Portal services. 
2 Normative references

The following normative documents contain provisions that, through reference in this text, constitute provisions of this specification. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. However, parties to agreements based on this specification are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. For undated references, the latest edition of the normative document referred to applies.

OpenGIS® Geography Markup Language (GML) Implementation Specification, Version 3.0.0, Cox, S., Daisey P., Lake, R., Portele C., Whiteside A. (eds.), "", January 2003, <http://www.opengis.org/techno/documents/02-023r4.doc>
EPSG, European Petroleum Survey Group Geodesy Parameters, Lott, R., Ravanas, B., Cain, J., Girbig, J.-P., and Nicolai, R., eds., <http://www.epsg.org/>

FGDC-STD-001-1988, Content Standard for Digital Geospatial Metadata (version 2), US Federal Geographic Data Committee, <http://www.fgdc.org/metadata/contstan.html>

The OpenGIS Abstract Specification Topic 11: OpenGIS Metadata (ISO/TC 211 DIS 19115)  May 2001, <http://www.opengis.org/techno/abstract/01-111.pdf>
The OpenGIS Abstract Specification Topic 12: OpenGIS Service Architecture (Version 4.3), Percival, G. (ed.), January 2002, < http://www.opengis.org/techno/abstract/02-112.pdf>

OpenGIS® Filter Encoding Implementation Specification, Vretanos, Panagiotis (ed.), , September 2002, <http://www.opengis.org/techno/specs/02-059.pdf>
OpenGIS® Styled Layer Descriptor Implementation Specification, Version 1.0, William Lalonde (ed.), September 2002, Varsion 1.0, <http://www.opengis.org/techno/specs/02-070.pdf>

OpenGIS® Web Map Service Implementation Specification, Version 1.1.1,  Jeff de La Beaujardière (ed.), Jan. 2002, <http://www.opengis.org/techno/specs/01-068r3.pdf>
OpenGIS® Web Map Context Documents Implementation Specification, Version 1.0, Jean-Philippe Humblet (ed.), June 2003, <http://www.opengis.org/techno/specs/03-036r2.pdf>

OpenGIS® Project Document 02-076r3: Gazetteer Service Profile of the Web Feature Service Implementation Specification, Version 0.9, Rob Atkinson and Jens Fitzke (eds.) , September 2002, <http://www.opengis.org/techno/discussions/02-076r3.pdf>

OpenGIS® Web Feature Service Implementation Specification, Version 1.0, Vretanos, Panagiotis (ed.), September 2002, <http://www.opengis.org/techno/specs/02-058.pdf>
OpenGIS® Project Document 01-024r1: OGC Web Registry Service, Lou Reich (ed.), March 2001, < http://www.opengis.org/techno/discussions/01-024r1.pdf>
OpenGIS® Project Document 03-024: OWS1 Registry Service, Richard Martell (ed.), January 2003, <not available electronically, please contact kbuehler@opengis.org>
3 Terms and definitions

For the purposes of this document, the following terms and definitions apply:

operation

specification of a transformation or query that an object may be called to execute [OGC AS 12]

interface
named set of operations that characterize the behavior of an entity [OGC AS 12]

service

distinct part of the functionality that is provided by an entity through interfaces [OGC AS 12]

service instance
server

actual implementation of a service or conceptual role as recipient of an operation request.

client
software component that can invoke an operation from a server or conceptual role as originator of an operation request.
request
invocation of a server operation by a client
binding

specific syntax and parameter values used by a client to invoke a specific server operation
response
result of an operation returned from a server to a client
map

pictorial representation or portrayal of geographic data

spatial reference system (SRS or CRS)

a projected or geographic coordinate reference system

service capabilities
service-level metadata describing the types, operations, content, and bindings available at a service instance. Organization, classification, and presentation of those entities may also be conveyed by the capabilities information.

capabilities schema
XML schema which prescribes and constrains the syntax and vocabulary for the expression of service capabilities in XML.

capabilities XML
specific instance of service-level metadata describing a service instance.

active data 

the set of all Framework data themes and all additional user-discovered data types (if any).

displayed data 

the subset of active data types that are actually shown on the map.

4 Conventions

4.1 Normative Verbs

In the sections labeled as normative, the key words "required", "shall", "shall not", "should", "should not", "recommended", "may", and "optional" in this document are to be interpreted as described in [IETF RFC 2119].

4.2 Abbreviated Terms

	DCP
	Distributed Computing Platform

	DTD
	Document Type Definition

	HTTP
	Hypertext Transfer Protocol

	MIME
	Multipurpose Internet Mail Extensions

	GIS
	Geographic Information System

	OGC
	Open GIS Consortium

	URL
	Uniform Resource Locator

	WMS
	Web Map Service

	WFS
	Web Feature Service

	WCS
	Web Coverage Service

	WRS
	Web Registry Service

	CMS
	Cascading Map Service

	XML
	Extensible Markup Language

	API
	Application Program Interface

	COTS
	Commercial Off The Shelf

	ISO
	International Organization for Standardization

	ISO
	International Organization for Standardization

	UML
	Unified Modeling Language

	UML
	Unified Modeling Language


5 Enterprise Viewpoint 

An Enterprise Viewpoint provides a high-level system Concept and Use Cases. The System Concept illustrates the operational setting, major system components, and major interfaces. The Use Cases provide descriptions of the behavior of the system from the point of view of Users. 

5.1 GOS-TP Goals 

The GOS-TP acts as a primary data source for the GOS-PI. It provides access to Road Transportation data based on Road Transportation standard
 developed by the Modeling Advisory Team (MAT. Therefore GOS-TP shares the goals and objectives of the GOS-PI. The goals are listed below:

· To provide fast, low cost, reliable access to Geospatial Data needed for government operations.

· To facilitate G2G interactions needed for vertical missions such as Homeland Security

· To facilitate the alignment of roles, responsibilities and resources

· To establish a methodology for obtaining multi-sector input for coordinating, developing and implementing geographic (data and service) information standards to create the consistency needed for interoperability and to stimulate market development of tools

The Objectives are listed below:

· Develop and implement data standards for NSDI Framework Data.

· Fulfill and maintain an operational inventory (based on standardized documentation, using FGDC Metadata Standard) of NSDI Framework Data from Federal agencies, and publish the metadata records in the NSDI Clearinghouse network.

· Publish metadata of planned acquisition and update activities for NSDI Framework Data from Federal agencies in the NSDI Clearinghouse network.

· Prototype and deploy data access and web mapping services for NSDI Framework Data from Federal agencies.

· Establish a comprehensive Federal portal to the resources described in the first four components (standards, priority data, planning information, and products and services), as a logical extension to the NSDI Clearinghouse network.

For The GOS Transportation Portal (GOS-TP), the System Concept is in this section, while Use Cases may be developed during GOS-PI.

The Portal is a common facility across all the Lines of Business in the Federal Enterprise Architecture (FEA) that have a requirement for geospatial data and services.

The vision of the GOS-TP activity is to allow users to view and obtain desired data for a particular area, without needing to know the details of how the data are stored and maintained by independent organizations. Figure 1, below, represents Users from all sectors of government and society being able to access The GOS Portal. The GOS-TP, in turn, is able to access information and services from a variety of Providers distributed across the network. These providers can have their data based on different schemas. The portal will transparently map requested data to a well-defined schema known as the standard application schema. 

GOS-TP provides a standard WFS interface, which allows external applications to have access to it. It is foreseeable the Geospatial One Stop Portal with gain access to the GOS-TP WFSs. This will be achieved by registering the service at the Portal’s local registry, define a SLDs for the GOS-TP WFSs and use the GOS Portal Portrayal Engine to generate the views.

It is worth mentioning here that the Portal does not store or maintain the data and its associated services; rather, these are distributed in many computers nationwide and maintained by the agency or organization that is responsible for its data and services. The actual mapping, or translation, occurs on the fly upon request of the data set. For example, the federal government might maintain a service providing interstate highway data, a state might serve data about the highways under its jurisdiction, and a city might serve urban street data. A user should be able to view a map including roads from all of these jurisdictions simultaneously, letting the Portal automatically contact the necessary services and combine the data. Furthermore, the User should be able to view detailed documentation about the data and its provenance(s) if desired.
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Figure 1 The Geospatial One Stop Portal
The GOS-TP is based on the same open standards and specifications that are used in the GOS-PI. Three broad classes of standards and specifications are relevant to the Portal and the services it accesses:

1. Framework Standards: There are seven geospatial data themes that are considered to be of fundamental importance to many applications. Known as "Framework Data," these themes are: Elevation, Orthoimagery, Hydrography, Transportation, Government Units (administrative boundaries), Cadastral (property boundaries), and Geodetic Control. Framework Data content standards are now under development by another component of the Geospatial One-Stop initiative (in particular, see the related GOS Transportation Pilot described below). Data sources wishing to be classified, as Framework Data shall, at minimum, are able to exchange data in a manner that complies with these emerging standards. The Portal shall be able to access both Framework Data sources and other, non-Framework data.

2. Service Specifications: Access to data and maps will be provided according to open consensus standards and specifications. For example, the OGC Web Map Service, Web Feature Service, and Web Coverage Service define methods for requesting data via the web in the geographic area of interest. Some organizations will offer only a Map service, while others will also offer Feature or Coverage services.

3. Metadata Standard: Metadata shall be published that provides detailed information about data and services. In particular, data will be documented according the FGDC Content Standard for Digital Geospatial Metadata (CSDGM). Access to the metadata is through services such as the OGC Catalog Service. Furthermore, The GOS Portal may access or maintain other registries. Currently GOS-TP uses the ISO 191339 metadata XML Schema, which is a profile of the ISO 19115.

5.2 GOS-TP Use Cases

	Use Case Description

	Name
	Get Capabilities

	Priority
	High

	Description
	This use case allows a WFS Client to learn about the capabilities of a WFS-X. In particular, it enables a WFS Client to determine whether a WFS-X supports the Standard Application Schema that the client understands.

	Precondition
	There is a WFS-X available that provides data in an application schema that the WFS Client understands (i.e., Standard Application Schema)

	Flow of Events – Basic Path

	1. 
	WFS Client submits an HTTP GET GetCapabilities request.

	2. 
	WFS-X validates the request.

	3. 
	WFS-X returns the capabilities. These include a list of feature types that the WFS Client wants to query.

	4. 
	WFS Client accepts the WFS capabilities, parses them and uses the information for subsequent queries.

	Flow of Events – Alternative Paths

	2
	If the request is invalid, it is rejected and a service exception report is returned.

	Postcondition
	WFS Client knows which feature types (from its own schema) it can query.


	Use Case Description

	Name
	A WFS Client Request Feature(s)

	Priority
	High

	Description
	Allows a WFS Client to retrieve one or more feature instances. These instances conform to a GML 3.0 application schema that is understood by the WFS Client

	Precondition
	WFS Client has previously obtained the capabilities of the WFS. From inspecting the capabilities document, the client was able to determine that the WFS can export feature types that the client can understand.

	Flow of Events – Basic Path

	1. 
	WFS Client submits a GetFeature request. The feature types and their properties specified are from the schema namespace that WFS Client can work with (i.e., the Standard Application Schema).

	2. 
	WFS-X validates the request and executes it by translating it to the standard GML application schema.

	3. 
	WFS-X returns the feature instances matching the request parameters, in the schema namespace of the standard application schema.

	4. 
	WFS Client accepts the response message and provides the information to the end-user in the standard application schema

	Flow of Events – Alternative Paths

	2
	If the request is invalid, it is rejected and a service exception report is returned.

	3
	If the execution of the request fails for some reason, WFS-X returns a service exception report.

	Postcondition
	N/A


5.2.1 GOS-TP Concepts

The Federal Geographic Data Committee and agencies responsible for the framework data themes are managing a series of Model Advisory Teams (MAT) for the development of Object Models in the Unified Modeling Language (UML). The United States Department of Transportation is responsible for the development and maintenance of the Transportation data theme. OGC is contracted to support the MAT modeling process for four transportation modes: Road, Air, Transit and Rail.

This effort is intended to provide an end-to-end pilot demonstration of the Geospatial One-Stop online access implementation for Road Transportation. Specifically, this initiative will:

· Engage and integrate data and service providers (federal, state, and local) into a standards based framework for the exchange and exploitation of roads transportation data in support of the Geospatial One-Stop mission. 

· Establish four or more nodes on the OGC Network (the California, Oregon, Jackson County, and Siskiyou County Nodes) that will host feature data and map servers and, potentially, catalog services and data in support of the GOS-TP mission. These data and services will include locally hosted resources and may include remote resources. 

· Prototype the development and use of a translating Web Feature Server to support schema translation for transportation data.

· Prototype the development and use of a UML to GML Application Schema generation tool to support schema translation for transportation and other application-specific data.

6 Information Viewpoint

The Information Viewpoint describes the basic information building blocks of the Portal. It defines classes of information that are defined by the Portal. It then enumerates various encodings, formats, and languages of relevance.

6.1 Information Classes

As mentioned before, the GOS-TP is intended to become a primary data source in the Geospatial One Stop Portal (GOS-PI). In this section we describe the major differences between primary, secondary, and tertiary information. According to the Geospatial One-Stop Portal, geospatial information may be placed into one of three broad classes. These classes are defined by policy and by functionality, rather than by the nature of the real-world quantities represented by the information.

6.1.1 Primary Information

Primary Information must comply with the three basic requirements described above at the end of the Enterprise Viewpoint:

· The information complies with Framework Data standards (or, possibly, the information belongs to some other defined class of information relevant to GOS).

· The information is accessible using the Service Specifications supported by the Portal.

· The information has been documented according to the supported Metadata Standard.

Primary Information is that which the Geospatial One-Stop project has classified as "Framework Data" based on the provider's implementation of GOS policies, specifications and standards. In addition, GOS may define specific types of non-Framework information as of direct relevance to GOS in some other respect. Examples: the Road Transportation Framework Data theme; metadata about planned data acquisitions developed as part of GOS Module 3. The Portal shall enable access to Primary Information without explicitly requiring the user to perform a search.

6.1.2 Secondary Information

Secondary Information must comply with two of the three basic requirements described above at the end of the Enterprise Viewpoint:

· The information is accessible using the Service Specifications supported by the Portal.

· The information has been documented according to the supported Metadata Standard.

Secondary Information is that which (1) is available using OGC Web Service(s) supported by the Portal, and (2) has been documented with published metadata that includes reference(s) to one or more of OGC Web Service that the Portal supports (i.e., WMS, WFS and WCS). The Portal is technically capable of discovering and then directly accessing the service, even though the GOS project has not classified the information as Primary. Example: a WMS providing maps of soil types.

Users will typically need to perform an explicit search in order to discover Secondary Information. The Portal may provide some form of indication in the user interface that distinguishes Primary from Secondary Information.

6.1.3 Tertiary Information

Tertiary Information must comply with one of the three basic requirements described above at the end of the Enterprise Viewpoint:

· The information has been documented according to the supported Metadata Standard.

Information whose metadata has been created and published, but that is available only offline or through proprietary online services. The Portal can discover the Tertiary Information by searching metadata, but can merely refer users to it (by displaying the metadata record) rather than performing a request on behalf of the user. Example: a dataset that is available only by telephoning an individual and requesting a CD-ROM.

6.2 Geospatial Information Formats

6.2.1 Vector Data

Vector data is the class of data that represents point, line and polygon geospatial features. This data contains detailed geometry and attribute information about individual geospatial features. In the case of GOS-TP, the principal vector data will be transportation features. The data is encoded based on a GML 3.0 application schema:

· GML - Geography Markup Language

6.2.2 Maps

Maps are defined as visual portrayals of feature or coverage data--a map is a picture that can be readily viewed by a user. For purposes of The GOS-TP, maps are considered a separate data class from imagery or coverage data and are typically the output from a Web Map Server that might be connected to a Web Feature Server. Relevant specifications for The GOS Portal, map formats are:

· PNG - Portable Network Graphics

· GIF - Graphics Interchange Format

· JPEG - Joint Photographic Expert Group format

6.3 Management and Control Data

6.3.1 Data Metadata

Data Metadata is metadata that describes data holdings. The relevant specification for The GOS Portal, Data Metadata is:

· CSDGM - FGDC Content Standard for Digital Geospatial Metadata

Note: the specification "ISO 19115 Geographic Information - Metadata" is expected to be adopted by FGDC as a new version of its metadata standard. When that has occurred and been deployed in the NSDI Clearinghouse network, The GOS Portal will adopt that specification as well.

6.3.2 Service Metadata

Service Metadata is metadata that describes services. Relevant specifications for The GOS Portal Service Metadata include (but are not limited to):

· WMS - OGC Web Map Service - Capabilities XML

· WFS - OGC Web Feature Service - Capabilities XML

6.3.3 Query Languages

Most of the services used in the GOS Portal have a queryable interface. To use those interfaces, it is necessary that the client and server have a common understanding of what constitutes a valid query. Standardized query languages provide the common vocabulary and grammar needed to enable this sliver of interoperability. Relevant specifications for The Portal Query Languages are:

· OGC Web Registry Service

· OGC Web Map Service - GetFeatureInfo operation

· OGC Filter Specification

6.4 Mapping UML to GML Application Schemata

The application schema is derived from an ISO 19103 and ISO 19109 conformant UML application schema. The mapping is done automatically by a UML-to-GML-Application-Schema (UGAS) tool. XMI 1.0 (UML 1.3) is used as the intermediate representation of the UML model. In addition, the UML Application Schema must follow some additional modeling guidelines required by the tool. See http://www.interactive-instruments.de/ugas/ for details.

7 Computational Viewpoint 
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Figure 2: Geospatial One-Stop Transportation Portal Computational Viewpoint

The GOS-TP Portal Computational Viewpoint is represented graphically in the Portal Concepts diagram in Figure 2. That figure represents data providers as cylinders near the bottom of the diagram. Each provider supports several online services that are accessed by the Portal. (Although the diagram shows the data and services as tightly coupled, in practice there may be services that have no associated data, or data providers that rely on third-party services; conceptually, however, all of the data of interest are accessed through a service.) Typically, in case of transportation applications, these would include a Web Map Service and a Web Feature Service. Also, providers will need to register their metadata about their offerings by publishing themselves in the Portal’s Registry. The registry provides dataset-level metadata for their holdings.

In the center of the diagram is the Portal’s application environment, which can be thought of as an assemblage of clients of these various service types. The Portal can make requests to the providers' OGC Web Services distributed throughout the Internet, receive responses, and present those responses to Portal users in an appropriate manner. 

The top row of the diagram represents Portal users. The default method of access will be via a standard web browser (a "thin client") operated by a human. Users satisfied with the functions provided by the Portal may not require any other type of access client. 

The GOS Portal Computational Viewpoint is based on a subset of the output of OGC activities to date and includes concepts described in the draft OpenGIS® Reference Model. 

· The OpenGIS® Reference Model establishes the baseline of common interfaces, exchange protocols, and services that have been developed or adopted by the OGC community and describes a framework that can be profiled for use in application domains like GOS. 

· OpenGIS® Implementation Specifications provide guidance to application developers on how to build their products to comply with this framework. 

· OpenGIS® Services are implementations of services that conform to OpenGIS® Implementation Specifications. 

· OpenGIS® Applications are compliant applications that can "plug into" the network of OpenGIS Services. The GOS Transportation Portal is an example of an OpenGIS Application.
7.1 Schema Translation

One of the main objectives of the Transportation Portal is to enable service clients to have access to data in a well-defined application schema, i.e., the Road Standard Application Schema. Clients are not obliged to translate and store all their contents in the Standard Application Schema. Instead, the translation occurs on the fly once the client submits the query to the remote service. The result of the query is returned to the client as an instance of the Standard Application Schema, Figure 3. 
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Figure 3 Schema Translation

Figure 4 shows the sequence diagram for the portal operation. The figure also shows the sequence of operations for schema translation. The interaction starts by searching for the appropriate data source. Using the WRS client, users are able to query and search the portal’s registry. Once the data source is located the WFS client is invoked to allow users to formulate queries for accessing the remote data. WFS clients can issue GetCapabilities and DescribeFeatureType requests to enable clients to request a schema definition of any feature type. The returned schema is a subset of the Standard Application Schema based on GML 3.0. Based on parsing the returned schema, the client can issue queries to retrieve subset of the data set. These queries are based on the Standard Application Schema. Translating WFS (WFS-X) receives the query and translates it into a query based on the local schema of the data store, which might be different from the Standard Application Schema. The result set from the query is then translated from the local schema to the Standard Application Schema and then forwarded to the Client. 
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Figure 4 Schema Translation Sequence Diagram

8 Engineering Viewpoint

Figure 5 shows the engineering view of the GOS Transportation Portal. The Portal server is located at the Department of Transportation, Bureau of Transportation Statistics. The portal server consists of the Portal Application Environment, the Viewer Client Generator, the WFS Client Generator and the WRS Client Generator. Currently the portal has access to four remote WFS data sources: Jackson County WFS-X, Oregon County WFS-X, Siskiyou County WFS-X, and California Country WFS-X.

The server of the portal also hosts the Portal’s registry. This is a registry service, which is maintained and operated locally by the Portal service provider. It is accessible by the Publisher Client Generator. It maintains a list of Primary information sources and their service metadata. It may temporarily cache metadata regarding user-discovered Secondary and Tertiary information sources. It may store predefined SLD documents.
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Figure 5 GOS Transportation Portal: Engineering View

8.1 Portal Application Environment

The Portal Application Environment provides a Portal-side integration infrastructure to tie the other GOS Portal components into a coherent whole. It provides a Portal Platform configured to support the various GOS Transportation Portal Components. The Portal Application Environment includes an integrated infrastructure to maintain and pass parameters between Components, as well as a client-side web-based presentation framework. 

8.2 GOS Portal UML Component Diagram

In this section we present the component diagrams of the Portal. Figure 6 shows the User Interface component diagram. The GOS-TP Portal Application Environment provides the integrated user interface to access the main Portal services. The Discovery client provides interfaces to search for web resources that are registered in the Portal’s registry. The Viewer Client allows users to create and display maps. The WFS client allows users to formulate queries the can be submitted to the accessible WFSs. These queries are based on the OGC Filter Encoding Service.

The thin clients enable users to access the following services:

Search and discovery services: users can search for services in the local registry. The Portal has a discovery user interface, which allows them to search for desired services based on the stored metadata as well as capabilities elements.

Map viewing service: the Portal has a powerful and flexible map viewing user interface with the following elements:

· A map showing all of the displayed data types.

· Controls for navigating, zooming and panning the map.

· Menu of active data types, allowing user to toggle displayed state on/off.

· Metadata elements for each active type.

· Link to display full metadata record for each active data type.

· Link to help page(s) appropriate to current application state.
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Figure 6 User Interface Package

Figure 7 shows the discovery client, which allows users to search and display the metadata through the getRecord and the getResourceByID respectively. 
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Figure 7 Discovery Package

Once the resources of interest are discovered the user can either invoke the WFS Query Client or the WMS Viewer Client. It is expected that the registry records include the URL to the capabilities document of the discovered WFS or the WMS resources. Figure 8 shows the WFS-X Query Package. The interfaces of the WFS-X are compliant with the WFS specifications. The translation from the local schema to the standard application schema occurs in the background and is transparent to the client application. 
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Figure 8 WFS Query Package

As shown in Figure 9, when the Viewer Client is launched, the client parses the capabilities document to display information about the layers stored in each WMS resource. 
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Figure 9 Viewing Package

9 Technology Viewpoint

Figure 10 shows the technology viewpoint of the GOS Transportation Portal Architecture. The Portal’s thin client can run on any standard web browser. The Portal is based on standard HTTP protocol operations, GET and POST, and does not require any additional software to be installed on the end-user machine. In The GOS Transportation Portal, Application Services are realized as, or requested from, web pages transferred across a network from the Portal application server and supported by Portal-side capabilities to generate various clients and process requests. Thus, each item in the list below is called a "Client Generator" of some type. Client Generators process requests from Thin Clients, maintain or transfer state between requests, and return responses to the requesting Thin Client. More specifically, when accessed as a World Wide Web application a Client Generator runs on an HTTP server and generates HTML pages to be displayed in the User's web browser (the thin client). In GOS-PI, Client Generators are termed "Portal-side" components because they run on the computer hosting the Portal, not on the end-user's machine or on the data service provider's machine. The Portal uses the following baseline specifications: 

OpenGIS® Web Map Service Implementation Specification, Version 1.1.1,  Jeff de La Beaujardière (ed.), Jan. 2002, <http://www.opengis.org/techno/specs/01-068r3.pdf>

OpenGIS® Web Feature Service Implementation Specification, Version 1.0, Vretanos, Panagiotis (ed.), September 2002, <http://www.opengis.org/techno/specs/02-058.pdf>

OpenGIS® Geography Markup Language (GML) Implementation Specification, Version 2.1.2, Cox, S., Cuthbert A.., Lake, R., Martell R. (eds.), "", September 2002, < http://www.opengis.net/gml/02-069/GML2-12.pdf>

OpenGIS® Geography Markup Language (GML) Implementation Specification, Version 3.0.0, Cox, S., Daisey P., Lake, R., Portele C., Whiteside A. (eds.), "", January 2003, <http://www.opengis.org/techno/documents/02-023r4.doc>

OpenGIS® Filter Encoding Implementation Specification, Vretanos, Panagiotis (ed.), , September 2002, <http://www.opengis.org/techno/specs/02-059.pdf>

OpenGIS® Project Document 03-024: OWS1 Registry Service, Richard Martell (ed.), January 2003, <not available electronically, please contact kbuehler@opengis.org>
ISO/TC 211 19139:  Geographic information - Metadata - Implementation specifications, Draft <not publically available, please contact you national representative to ISO/TC 211>.
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Figure 10 GOS Portal Technology Viewpoint

9.1 Schema Translation 

Each WFS-X is able to translate the Road network data from the local schema to the Standard Application Schema. Two approaches were developed during the course of this initiative. The first approach uses the XQuery Language, and the second approach uses the XSLT approach. 

9.1.1 Schema Translation XQuery Approach

Figure 11 shows the first step in the translation process. The WFS-X client issues queries against the Standard Application Schema view (SAS view) in order to retrieve subsets of the data set. These client queries use the OGC Filter language to describe the subset of the data that the queries are intended to retrieve.
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Figure 11. The client query against the SAS view.

An incoming client query undergoes two transformations. First it is translated from an OGC Filter based query against the SAS view, into an equivalent XQuery query against that same view. Then second, the resulting XQuery query is converted into a (still equivalent) XQuery query against the component objects of the SAS view. Figure 12 shows the result of this second step.
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Figure 12. The query against the component object views.

The query conversion process treats the connections between the component objects in the SAS view as joins. These joins are inserted into the converted query as XQuery where-clauses, with some accompanying variable renaming. The process of inserting joins is controlled by a set of conversion rules that has to be derived by analysis of the SAS.

Unlike the SAS view, which is only virtual, there are actual queries which produce the component object views. Figure 13 shows the query that produces the component object view for the RoadPath components, for the Jackson County, OR data set.

for $path in document("localhostSQL2000$GEO_JCSTREETS_ROADPATHS")/


GEO_JCSTREETS_ROADPATHS/ROW

let $pathid := $path/ID/text()

let $sourceref := concat(wfs:system-property("onlineResource"), "#gostp:RoadPath/gos:source")

let $mins := concat($path/MINY/text(), ",", $path/MINX/text())

let $maxs := concat($path/MAXY/text(), ",", $path/MAXX/text())

let $envelope := concat($mins, " ", $maxs)

return

<gostp:RoadPath gml:id="{ $pathid }">
    <gml:name>{ $path/NAME/text() }</gml:name>
    <gml:boundedBy>
      <gml:Envelope gml:srsName="EPSG:63266405">
        <gml:coordinates>{ $envelope }</gml:coordinates>
      </gml:Envelope>
    </gml:boundedBy>
    <gos:source xlink:href="{ $sourceref }"/>
    <gostp:lastUpdateDate>2000-10-01T00:00:00-00:00</gostp:lastUpdateDate>
    <gostp:geometry>
      <gml:MultiCurve>
        <gml:curveMember>
          <gml:LineString gml:srsName="EPSG:63266405">
            <gml:coordinates>{ 

  

  wfs:get-coords($path/SHAPE/text(), "localhostSDE$geo_jcstreets_roadPaths", "true")



 }</gml:coordinates>
          </gml:LineString>
        </gml:curveMember>
      </gml:MultiCurve>
    </gostp:geometry>
    <gostp:routeNumber>{ $path/ROADNUM/text() }</gostp:routeNumber> {

for $childseg in tokenize($path/COMPOSEDOF/text(), "[ ,]")

let $childref := concat(wfs:system-property("onlineResource"), concat("gostp:RoadSeg[@gml:id='", $childseg, "']"))return

<gostp:composedOfWholeorPartial xlink:href="{ $childref }">
      <gostp:RoadSeg gml:id="{ $childseg }"/>
    </gostp:composedOfWholeorPartial>
} </gostp:RoadPath>
Figure 13. The RoadPath component object view.

Essentially, the component object views are the place where the WFS-X translation takes place. The GML for the result of the query is produced by composing the elements and attributes from the global schema, together with the data that is being referenced by the XQuery variables in the view ($path/ROADNUM/text(), for example). 

As inspection of Figure 13 shows, the component object views are written as if ther referenced an even lower level view of the data. For example, the RoadPath component object view is written as if it were referencing the schema shown in Figure 14.

  <xs:element name="GEO_JCSTREETS_ROADPATHS">
    <xs:complexType>
      <xs:sequence>
        <xs:element name="ROW" maxOccurs="unbounded">
          <xs:complexType>
            <xs:sequence>
              <xs:element name="OBJECTID" type="xs:byte"/>
              <xs:element name="ID" type="xs:byte"/>
              <xs:element name="NAME" type="xs:string"/>
              <xs:element name="ROADNUM" type="xs:short"/>
              <xs:element name="COMPOSEDOF" type="xs:string"/>
              <xs:element name="MINX" type="xs:decimal"/>
              <xs:element name="MINY" type="xs:decimal"/>
              <xs:element name="MAXX" type="xs:decimal"/>
              <xs:element name="MAXY" type="xs:decimal"/>
              <xs:element name="SHAPE" type="xs:string"/>
            </xs:sequence>
          </xs:complexType>
        </xs:element>
      </xs:sequence>
    </xs:complexType>
  </xs:element>
</xs:schema>
Figure 14 Schema for the segment data.

This lower level view (called the "canonical view" in the XML database literature) is another virtual view. The view itself is not actual; the behavior that it represents is implemented by algebraic operators inside the query processing engine, which determine the schema of the tables when they connect to the database containing the local data set.

One issue is that currently the component object views must be written by hand. In the future a tool that uses the schema for the component (which is a subschema of the SAS), together with the schema for the local data, will assist this view generation procedure.

The component object views are not meant to be executed directly, so there is one final step in processing the incoming Query. The compositionality of XQuery allows the incoming user query (which by this point has been converted into an XQuery query against the component object views), and the queries that define the component object views, to be combined together into a single query. It is this final combined query that it executed by the query processing engine.

9.1.2 Schema Translation: XSLT Approach (Galdos)

The Translating Web Feature Service (WFS-X) is designed to accept requests for features in a national schema, connect to data defined by a local schema and return features in the national schema. The data store might be a remote or local WFS. For GOS-TP, the former case is demonstrated for the Oregon Node and the latter for the California Node. In the Galdos WFS-X, the translation functionality is implemented through the use of extensible Stylesheet Language: Transformations (XSLT) along with custom translation code in our WFS. XSLT is primarily designed for transforming one XML document into another and is ideally suited for this application. Currently, the WFS-X supports GetCapabilities, DescribeFeatureType and GetFeature requests. In the future support for Transaction could be added for Transactional WFSs. Our WFS-X primarily support POST to POST conversions, with limited support for POST to GET conversions.

The basic approach is shown in the diagram below. See the text below for a description of the process. 
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1. A GetFeature request is received for features in the national schema.

2. The WFS-X uses XSLT style sheets to convert the request from national to local schema. On the surface, this consists of converting national features/properties to local features/properties. Underneath, it is more complicated. The mappings can quite complicated, with features and properties in one schema that aren't represented in another. The mappings aren't necessarily one-to-one either, which often necessitates creating multiple queries from a single query or mapping a multiple properties to a single property. It is also sometimes necessary to evaluate some of the filter constraints before forwarding the request.

3. The transformed request is sent to the local WFS (could be located locally or remotely).

4. The WFS receives the request and returns a feature collection in the local schema.

5. The WFS-X receives the feature collection in the local schema.

6. The features returned from the WFS are converted from the local to the national schema using an XSLT style sheet. This transformation can involve complex transformations, including mapping multiple feature types into a single feature type, transforming relatively flat data into more hierarchical data and constructing missing properties.

7. The feature collection in the national schema is returned to the client.

10 Lessons Learned

The Transportation Standard Application Schema (SAS) was developed and maintained as a UML model. The XML Schema version of the SAS was generated by the UGAS tool, and then distributed to the WFS-X developers to be installed on the local nodes. Improvements to the SAS were incorporated into the UML model and new XML Schema was generated from there.  This was found to be a great improvement over the method of making changes to the XML Schema itself "by hand". First because the generated schema was error free every time. And second because the overall architectural "form" of the generated schema remained constant over the improvements. The end result was both timesavings and elimination of the code changes, which would have been required to accommodate the (now eliminated) changes in the schema architecture.

In general, we discovered that schema translation is very possible. It is more difficult when the Local data is not in a GIS or other geospatial system. In this case, the organization involved should consider integration of linear referenced data (not in a GIS) with a geographic representation of roads in a GIS or other geospatial system so that the resultant integrated data can be served via a WFS.

Issues that resulted from the schema translation experiment in the GOS-TP are:
· Developing standard applications schemas in UML does not guarantee interoperability. This is due to the fact the Schemas in UML can be mapped to XML in many different ways.

· It is essential to implement the generated UML models so that errors can be trapped and corrected.

· A formal test suite must be developing to ensure that different implementations of the schemas are compliant with specifications. 

· Applications must be developed to allow clients to publish, find, and bind to standard schemas. This means that metadata for application schemas need to be developed.

· We expect that Servers will implement several types of domain standard schemas (e.g., road, rail) that may in turn have different versions. A handshake mechanism between clients and servers need to be implemented.

· Schema translation is memory intensive.

· In case of cascading WFS request to other WFSs, there is the problem of having those remote WFSs support different subset of the interfaces. 

· Preparing data sets to be topologically useful is time consuming 

· The issue of subseting the global schema, i.e., WFSs may support some parts of the global schema, for example by not supporting some of the optional properties is still unresolved. There is no mechanism to enable servers to implement subsets of the standard schemas and allow clients to discover the implementation.

· We can't get objects that are not features from WFS. That's because features have IDs while objects don't. The Web Object Service has the GetElement, which exactly does that. This interface is not supported by WFS. Therefore GOS-TP had to resolve into making all objects in the model as features. Current WFS support GML 2 while the application schema support 

· While the participants made the wise decision to use the decimal degree versions of EPSG:4326 and EPSG:4269 (EPSG:63266405 and EPSG:62696405 respectively), there were problems with the coordinate order. Both CRSs define the coordinate order to be lat/long. However, in the GIS industry it is often common practice to use the long/lat coordinate order, which was the case with the Ionic client. In order to accommodate the client, both Galdos and Polexis ended up storing data as long/lat.

· It appears that defining Linear Referencing System (LRS) as part of the CRS liar of WPSG datum would greatly simplify applications schemas that use LRS. However this issue is beyond the scope of GOS-TP

· We have identified several modeling patterns that are essential for direct and automatic generation of GML applications schemas from UML. These patterns need to documented and tested

There were cases where some of the mandatory properties in the GOS-TP national schema do not have equivalents in the local schemas. In this case the query should not return anything for those properties. However, this leads to XML schema instances that do not comply with the GOS-TP national schema. A possible approach is to make all properties in the GOS-TP national schema optional.

























































� Geographic Information Framework–Data Content Standards For Transportation: Roads, Version 1.0, April 2003, <http://www.geo-one-stop.gov/Standards/Transportation/roads.pdf>


� Note that version 2.1.2 was used for Local schemas


� Note that version 3.0 was used for the WFS-X exposed application schemas (the schema derived for the Data Content Standards For Transportation: Roads, Version 1.0)
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