	OpenGIS© Interoperability Program Report
	OGC nn-nnnrx



Open GIS Consortium Inc. 

Date:   2003-06-27
Reference number of this OpenGIS© IP initiative document:    OGC 03‑nnnrx

Version: 1.0.0
Category: OpenGIS© DIPR
Editors:  Aleksandar Milanovic & Leonid Brodsky
GOS-TP Translating WFS (WFS-X) -  
Galdos’s Experience

Copyright notice

This OGC document is a draft and is copyright-protected by OGC. While the reproduction of drafts in any form for use by participants in the OGC standards development process is permitted without prior permission from OGC, neither this document nor any extract from it may be reproduced, stored or transmitted in any form for any other purpose without prior written permission from OGC.

Warning

This document is not an OGC Standard. It is distributed for review and comment. It is subject to change without notice and may not be referred to as an OGC Standard.

Document type:   

OpenGIS© IPR
Document subtype:   
none
Document stage:   
Draft

Document language: 
English
Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which they are aware and to provide supporting documentation.

Contents

3i.
Preface


3ii.
Submitting organizations


3iii.
Document Contributor Contact Points


4iv.
Revision history


4v.
Changes to the OpenGIS( Abstract Specification


5Foreword


6Introduction


61.
Scope


72.
Conformance


73.
Normative references


74.
Terms and definitions


75.
Schema Preparation


75.1.
Preparation of GOS-TP Schema Profiles


85.1.1.
GOS-TP Schema Profile for California node


105.1.2.
GOS-TP Schema Profile for Oregon node


125.2.
California Node Schema Preparation


135.3.
Oregon Node Schema Preparation


145.4.
National Schema Data Examples


156.
Data Preparation


156.1.
California Data Preparation


156.2.
Oregon Data Preparation


157.
Translation mechanism


168.
Request Translation


178.1.
California Request Translation


198.2.
Oregon Request Translation


209.
Response Translation


209.1.
California Response Translation


229.2.
Oregon Response Translation


2310.
Translation Issues


2310.1.
Limited Local Server Abilities


2310.2.
Schema Issues


2410.3.
Performance issues


2410.4.
Data And Schemas Preparation Issues


2411.
Additional development


2411.1.
WEB Admin Module




i. Preface

This document is an Interoperability Program Report from the OGC Geospatial One-Stop Transportation Pilot project (GOS-TP). It discusses the process of translating the local transportation data sets from Oregon state and California state into the National (Global) Schema. The scope of this document is limited to Galdos’s experience in this project. The GOS-TP Implementation Architecture document is another useful source of information about this project. This document strives not to duplicate the information found in the Architecture document. Architecture details are mentioned only where it is desirable for the sake of completeness.

ii. Submitting organizations

The following organizations submitted this document to the Open GIS Consortium Inc. 
Galdos Systems Inc.

iii. Document Contributor Contact Points

All questions regarding this submission should be directed to the editor or the submitters:

	CONTACT
	COMPANY
	ADDRESS
	PHONE/FAX
	EMAIL

	Aleksandar  Milanovic
	Galdos Systems Inc.
	#200-1155 West Pender St.,Vancouver, BC, V6E 2P4, Canada
	+1 604 484 2750
	amilanovic@galdosinc.com

	Leonid Brodsky
	Galdos Systems Inc.
	#200-1155 West Pender St.,Vancouver, BC, V6E 2P4, Canada
	+1 604 484 2750
	lbrodsky@galdosinc.com

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


iv. Revision history

	PRIVATE
Date
	Release
	Author
	Paragraph modified
	Description

	June 19, 2003
	1.0.0
	Aleksandar Milanovic, Leonid Brodsky
	All
	This is the DIPR about Galdos’s experience in the GOS-TP project, in particular, the schema-based data translations.

	
	
	
	
	

	
	
	
	
	


v. Changes to the OpenGIS( Abstract Specification

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

Attention is drawn to the possibility that some of the elements of this part of OGC nn-nnnrx may be the subject of patent rights. The Open GIS Consortium Inc. shall not be held responsible for identifying any or all such patent rights.

OGC nn-nnnrx consists of the following parts, under the general title WFS-X Schema Translation:

· 
Part 1: The GOS-TP Experience
Introduction

There are plenty of cases when the data that belongs to the same domain is scattered around different repositories with different interfaces for data access and management.

The objective of the Geospatial One-Stop Transportation Pilot (GOS-TP) is to show the possibility for the end user to get the required data without any knowledge about data location and interfaces to access the data. The chosen project data domain is national transportation data. It includes information about interstate and state roads and highways. The chosen user view of data is the well defined National Transportation Schema. A user requests data from the Translating Web Feature Service (WFS-X), which does not necessary store the data, but transparently provides requested data in the National Road Schema. The WFS-X can be implemented as a translator and a data repository as well. The WFS-X is a modification of the existing OGC Web Feature Service.

 The data is stored and managed by local providers. These providers can have their data structure based on different schemas. The WFS-X should retrieve the data from local repositories and translate it upon request.

The WFS-X could be co-located with the system that provides the data. It utilises the fact that the data owners have the best knowledge of the data and can build proper data translators. They also may modify their data for better fit for the translation. 

The National Transportation Schema Portal could be built on top of the WFS-X servers network Well known national portals could serve as a unified source of information for a specific data domain. 

Introductory element — Main element

OpenGIS© Interoperability Program Report for the GOS-T Pilot project. 

1.  Scope

This OpenGIS© document describes the process of translating transportation data supplied by Oregon State and California State into a national content model, as experienced by Galdos Systems Inc.

This OpenGIS© document is applicable to future refinement of the WFS specification 02-058 and the Filter specification 02-059. In addition, it may be used to propose changes to GML-3.
2. Conformance

Not required.

3. 
Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this part of OGC nnn. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. However, parties to agreements based on this part of OGC nnn 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.

OGC 02-058, Web Feature Service Implementation Specification.

OGC 02-059, Filter Encoding Implementation Specification.
ISO 19115,  Geographic Information -- Metadata.

ANSI, Geographic Information Framework – Data Content Standards For Transportation: Roads
W3C, XSLT 1.0: XSL Transformations (http://www.w3.org/TR/xslt)
4. Terms and definitions

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

FME – Safe Software's Feature Manipulation Engine Suite software

GDS - Geographic Data Server

GDT – Geographic Data Technology, the developer of map databases for the Western Hemisphere

ODOT - Oregon Department of Transportation, Geographic Information Services Unit

WFS – Web Feature Service

WFS-X – Translating Web Feature Service

XSLT – eXtensible Stylesheet Language: Transformations

5. Schema Preparation

5.1. Preparation of GOS-TP Schema Profiles

Profiles (subsets) of the GML-3 based GOS-TP national schema were created for both nodes, California and Oregon, to reflect the features and properties found in the respective data sets. Using the complete national schema for all data sets was deemed inappropriate, because not all features and properties exist in all data sets, and therefore cannot be queried by a WFS Client.

For example, for both Oregon and California data sets the topology property was removed from the RoadSeg feature type, as this data was not available. For California node, we did not use the isTheStartOf or isTheEndOf properties for a RoadPoint.

5.1.1. GOS-TP Schema Profile for California node

<?xml version="1.0" encoding="UTF-8"?>

<schema targetNamespace="http://www.opengis.net/gos/tp" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:lrs="http://www.opengis.org/iso19133/lrs" xmlns:iso19115="http://www.isotc211.org/iso19115/" xmlns:gostp="http://www.opengis.net/gos/tp" xmlns:gos="http://www.opengis.net/gos" xmlns:gml="http://www.opengis.net/gml" xmlns="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" version="2003-04-24">


<annotation>



<appinfo source="urn:opengis:gos-tp:transportation:schema:road:v2.0">Road.xsd</appinfo>



<documentation>



Road schema



</documentation>


</annotation>


<import namespace="http://www.opengis.org/iso19133/lrs" schemaLocation="LinearReferenceSystems.xsd"/>


<include schemaLocation="EventModel.xsd"/>


<import namespace="http://www.opengis.net/gos" schemaLocation="MATFeature.xsd"/>


<import namespace="http://www.opengis.net/gml" schemaLocation="GML_Wrapper.xsd"/>


<import namespace="http://www.opengis.net/gml" schemaLocation="base/gml3.xsd"/>


<!--Type and element definitions of this package-->


<complexType name="RoadPointType">



<complexContent>




<extension base="gostp:RoadFeatureType">





<sequence>






<element name="geometry" type="gml:PointPropertyType" minOccurs="0"/>






<element name="isAnchorPoint" type="boolean" default="false"/>






<element name="alongLocation" type="lrs:LR_PositionExpressionPropertyType" minOccurs="0"/>






<element name="locatedOn" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="isTheStartOf" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="to" type="gostp:RoadPointPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="isTheEndOf" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadPointPropertyType">



<sequence>




<element ref="gostp:RoadPoint" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadPointPropertyByValueType">



<sequence>




<element ref="gostp:RoadPoint"/>



</sequence>


</complexType>


<element name="RoadPoint" type="gostp:RoadPointType" substitutionGroup="gostp:RoadFeature"/>


<complexType name="RoadSegType">



<complexContent>




<extension base="gostp:RoadFeatureType">





<sequence>






<element name="status" type="string"/>






<element name="fieldMeasure" type="gml:LengthType"/>






<element name="authorityID" type="string"/>






<element name="length" type="gml:LengthType"/>






<element name="geometry" type="gml:CurvePropertyType" minOccurs="0"/>






<element name="isAnchorSection" type="boolean" default="false"/>






<element name="pointAlong" type="gostp:RoadPointPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="event" type="gostp:EventPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="startPoint" type="gostp:RoadPointPropertyType"/>






<element name="endPoint" type="gostp:RoadPointPropertyType"/>






<element name="to" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadSegPropertyType">



<sequence>




<element ref="gostp:RoadSeg" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadSegPropertyByValueType">



<sequence>




<element ref="gostp:RoadSeg"/>



</sequence>


</complexType>


<element name="RoadSeg" type="gostp:RoadSegType" substitutionGroup="gostp:RoadFeature"/>


<complexType name="RoadFeatureType" abstract="true">



<complexContent>




<extension base="gos:MAT_FeatureType">





<sequence>






<element name="lastUpdateDate" type="dateTime"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadFeaturePropertyType">



<sequence>




<element ref="gostp:RoadFeature" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadFeaturePropertyByValueType">



<sequence>




<element ref="gostp:RoadFeature"/>



</sequence>


</complexType>


<element name="RoadFeature" type="gostp:RoadFeatureType" abstract="true" substitutionGroup="gos:MAT_Feature"/>



<complexType name="RoadFeatureEventType">



<complexContent>




<extension base="gostp:RoadFeatureType">





<sequence>






<element name="atPosition" type="lrs:LR_PositionExpressionPropertyType" minOccurs="0"/>






<element name="startPosition" type="lrs:LR_PositionExpressionPropertyType" minOccurs="0"/>






<element name="endPosition" type="lrs:LR_PositionExpressionPropertyType" minOccurs="0"/>






<element name="geometry" type="gml:GeometricPrimitivePropertyType" minOccurs="0"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadFeatureEventPropertyType">



<sequence>




<element ref="gostp:RoadFeatureEvent" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadFeatureEventPropertyByValueType">



<sequence>




<element ref="gostp:RoadFeatureEvent"/>



</sequence>


</complexType>


<element name="RoadFeatureEvent" type="gostp:RoadFeatureEventType" substitutionGroup="gostp:RoadFeature"/>



<complexType name="LinearReferencingElementType">



<complexContent>




<extension base="lrs:LR_ElementType">





<sequence>






<element name="isBasedOnRoadSeg" type="gostp:RoadSegPropertyType" minOccurs="0"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="LinearReferencingElementPropertyType">



<sequence>




<element ref="gostp:LinearReferencingElement" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="LinearReferencingElementPropertyByValueType">



<sequence>




<element ref="gostp:LinearReferencingElement"/>



</sequence>


</complexType>


<element name="LinearReferencingElement" type="gostp:LinearReferencingElementType" substitutionGroup="lrs:LR_Element"/>



<element name="FeatureCollection">



<complexType>




<complexContent>





<extension base="gml:AbstractFeatureCollectionType"/>




</complexContent>



</complexType>


</element>

</schema>

5.1.2. GOS-TP Schema Profile for Oregon node

<?xml version="1.0" encoding="UTF-8"?>

<schema targetNamespace="http://www.opengis.net/gos/tp" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:lrs="http://www.opengis.org/iso19133/lrs" xmlns:iso19115="http://www.isotc211.org/iso19115/" xmlns:gostp="http://www.opengis.net/gos/tp" xmlns:gos="http://www.opengis.net/gos" xmlns:gml="http://www.opengis.net/gml" xmlns="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" version="2003-04-24">


<annotation>



<appinfo source="urn:opengis:gos-tp:transportation:schema:road:v2.0">Road.xsd</appinfo>



<documentation>



Road schema



</documentation>


</annotation>


<import namespace="http://www.opengis.org/iso19133/lrs" schemaLocation="LinearReferenceSystems.xsd"/>


<include schemaLocation="EventModel.xsd"/>


<import namespace="http://www.opengis.net/gos" schemaLocation="MATFeature.xsd"/>


<import namespace="http://www.opengis.net/gml" schemaLocation="GML_Wrapper.xsd"/>


<!--Type and element definitions of this package-->


<complexType name="RoadPointType">



<complexContent>




<extension base="gostp:RoadFeatureType">





<sequence>






<element name="geometry" type="gml:PointPropertyType" minOccurs="0"/>






<element name="isAnchorPoint" type="boolean" default="false"/>






<element name="isTheStartOf" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>






<element name="isTheEndOf" type="gostp:RoadSegPropertyType" minOccurs="0" maxOccurs="unbounded"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadPointPropertyType">



<sequence>




<element ref="gostp:RoadPoint" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadPointPropertyByValueType">



<sequence>




<element ref="gostp:RoadPoint"/>



</sequence>


</complexType>


<element name="RoadPoint" type="gostp:RoadPointType" substitutionGroup="gostp:RoadFeature"/>


<complexType name="RoadSegType">



<complexContent>




<extension base="gostp:RoadFeatureType">





<sequence>






<element name="status" type="string"/>






<element name="fieldMeasure" type="gml:LengthType"/>






<element name="authorityID" type="string"/>






<element name="length" type="gml:LengthType"/>






<element name="geometry" type="gml:CurvePropertyType" minOccurs="0"/>






<element name="isAnchorSection" type="boolean" default="false"/>






<element name="startPoint" type="gostp:RoadPointPropertyType"/>






<element name="endPoint" type="gostp:RoadPointPropertyType"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadSegPropertyType">



<sequence>




<element ref="gostp:RoadSeg" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadSegPropertyByValueType">



<sequence>




<element ref="gostp:RoadSeg"/>



</sequence>


</complexType>


<element name="RoadSeg" type="gostp:RoadSegType" substitutionGroup="gostp:RoadFeature"/>


<complexType name="RoadFeatureType" abstract="true">



<complexContent>




<extension base="gos:MAT_FeatureType">





<sequence>






<element name="lastUpdateDate" type="dateTime"/>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="RoadFeaturePropertyType">



<sequence>




<element ref="gostp:RoadFeature" minOccurs="0"/>



</sequence>



<attributeGroup ref="gml:AssociationAttributeGroup"/>


</complexType>


<complexType name="RoadFeaturePropertyByValueType">



<sequence>




<element ref="gostp:RoadFeature"/>



</sequence>


</complexType>


<element name="RoadFeature" type="gostp:RoadFeatureType" abstract="true" substitutionGroup="gos:MAT_Feature"/>

</schema>
5.2. California Node Schema Preparation

The California Transportation schema was a GML-2 application schema generated with the help of the FME format conversion tool from the raw data in SHAPE files. The result can be seen below (only the features and properties that are relevant to the project are shown).

<?xml version="1.0" encoding="UTF-8"?>

<schema targetNamespace="http://www.geographic.com/gdt" xmlns:gdt="http://www.geographic.com/gdt" xmlns:xlink="http://www.w3.org/1999/xlink" xmlns:gml="http://www.opengis.net/gml" xmlns="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified">


<import namespace="http://www.opengis.net/gml" schemaLocation="/GML-3/auxilary.xsd"/>


<element name="Highway" type="gdt:HighwayType" substitutionGroup="gml:_Feature"/>


<element name="Street" type="gdt:StreetType" substitutionGroup="gml:_Feature"/>


<element name="Exit" type="gdt:ExitType" substitutionGroup="gml:_Feature"/>


<complexType name="HighwayType">



<complexContent>




<extension base="gml:AbstractFeatureType">





<sequence>






<element name="SEGMENT_ID" type="long"/>






<element name="PREFIX" type="string"/>






<element name="NAME" type="string"/>






<element name="TYPE" type="string"/>






<element name="HWY_NUM" type="string"/>






<element name="SEG_LEN" type="float"/>






<element name="SPEED" type="long"/>






<choice>







<element ref="gml:lineStringProperty"/>







<element ref="gml:multiLineStringProperty"/>






</choice>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="StreetType">



<complexContent>




<extension base="gml:AbstractFeatureType">





<sequence>






<element name="DYNAMAP_ID" type="long"/>

<element name="PREFIX" type="string"/>






<element name="NAME" type="string"/>






<element name="TYPE" type="string"/>






<element name="HWY_NUM" type="string"/>






<element name="SEG_LEN" type="float"/>






<element name="SPEED" type="long"/>






<choice>







<element ref="gml:lineStringProperty"/>







<element ref="gml:multiLineStringProperty"/>






</choice>





</sequence>




</extension>



</complexContent>


</complexType>


<complexType name="ExitType">



<complexContent>




<extension base="gml:AbstractFeatureType">





<sequence>






<element name="EXIT_ID" type="long"/>






<element name="FROM_NAME" type="string"/>






<element name="EXIT" type="string"/>






<element name="TO_NAME" type="string"/>






<choice>







<element ref="gml:pointProperty"/>







<element ref="gml:multiPointProperty"/>






</choice>





</sequence>




</extension>



</complexContent>


</complexType>

</schema>
5.3. Oregon Node Schema Preparation

The Oregon Transportation GML-2 application schema, given below, was created by Intergraph Mapping and Geospatial Solutions. Galdos used this schema to create the translation rules (Only the properties that are relevant to the project are shown).

<?xml version="1.0" encoding="ISO-8859-1"?>

<xsd:schema targetNamespace="http://ogc.intergraph.com/wfs" xmlns:gml="http://www.opengis.net/gml" xmlns:wfs="http://ogc.intergraph.com/wfs" xmlns:xsd="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified" version="2.0">

    <xsd:import namespace="http://www.opengis.net/gml" schemaLocation="http://ogc.intergraph.com/OregonDOT_wfs/feature.xsd"/>

    <xsd:element name="featureCollection" type="wfs:FeatureCollectionType" substitutionGroup="gml:_FeatureCollection"/>

    <xsd:complexType name="FeatureCollectionType">

        <xsd:complexContent>

            <xsd:extension base="gml:AbstractFeatureCollectionType"/>

        </xsd:complexContent>

    </xsd:complexType>

    <xsd:element name="HWY_CNTL_PT" type="wfs:HWY_CNTL_PT" substitutionGroup="gml:_Feature"/>

    <xsd:complexType name="HWY_CNTL_PT">

        <xsd:complexContent>

            <xsd:extension base="gml:AbstractFeatureType">

                <xsd:sequence minOccurs="0">

                    <xsd:element name="HWY_CNTL_PT_ID" type="xsd:long" minOccurs="0"/>

                    <xsd:element name="LRS" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="MP_NO" type="xsd:double" minOccurs="0"/>

                    <xsd:element name="CNTL_PT_ACTV_DT" type="xsd:double" minOccurs="0"/>

                    <xsd:element name="CNTL_PT_INACTV_DT" type="xsd:double" minOccurs="0"/>

                    <xsd:element name="CNTL_PT_STAT_CD" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="GEOMETRY" type="gml:PointPropertyType" minOccurs="0"/>

                </xsd:sequence>

            </xsd:extension>

        </xsd:complexContent>

    </xsd:complexType>

    <xsd:element name="hwy_seg" type="wfs:hwy_seg" substitutionGroup="gml:_Feature"/>

    <xsd:complexType name="hwy_seg">

        <xsd:complexContent>

            <xsd:extension base="gml:AbstractFeatureType">

                <xsd:sequence minOccurs="0">

                    <xsd:element name="HWY_SEG_ID" type="xsd:long" minOccurs="0"/>

                    <xsd:element name="LRS" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="BEG_MP_NO" type="xsd:double" minOccurs="0"/>

                    <xsd:element name="END_MP_NO" type="xsd:double" minOccurs="0"/>

                    <xsd:element name="SEG_ACTV_DT" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="SEG_INACTV_DT" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="SEG_STAT_CD" type="xsd:string" minOccurs="0"/>

                    <xsd:element name="GEOMETRY" type="gml:LineStringPropertyType" minOccurs="0"/>

                </xsd:sequence>

            </xsd:extension>

        </xsd:complexContent>

    </xsd:complexType>

</xsd:schema>

5.4. National Schema Data Examples

There are examples of the RoadPoint and RoadSeg features for the National Schema.

The RoadPoint feature is actually not shown in the example, but the startPoint and endPoint properties of the RoadSeg have a RoadPoint as a value.

   <gostp:RoadSeg gml:id="GDT_HY_1">

   
<gml:description>Name:STATE HWY 161</gml:description>

<gml:name>STATE HWY 161</gml:name>

      
<gos:source xmlns:math="http://exslt.org/math">

        

<iso19115:CI_ResponsibleParty>

         

 <iso19115:organisationName>GDT - Geographic Data Technology</iso19115:organisationName>

          

<iso19115:role>resourceProvider</iso19115:role>

        

</iso19115:CI_ResponsibleParty>

      
</gos:source>

     
 <gostp:lastUpdateDate>2002-12-01T00:00:00</gostp:lastUpdateDate>

     
 <gostp:status>Active</gostp:status>

     
 <gostp:fieldMeasure uom="miles">0.39357</gostp:fieldMeasure>

     
 <gostp:authorityID>Caltrans</gostp:authorityID>

     
 <gostp:length uom="miles">0.47627982059162316</gostp:length>

     
 <gostp:geometry>

       

 <gml:LineString srsName="EPSG:62696405">

         

 <gml:coordinates>-121.580866,41.998669 -121.573199,41.99851</gml:coordinates>

       

 </gml:LineString>

     
 </gostp:geometry>

     
 <gostp:isAnchorSection>false</gostp:isAnchorSection>

     
 <gostp:startPoint>

       

 <gostp:RoadPoint>

         

 <gml:name>Start Point</gml:name>

         

 <gos:source xlink:href="#xpointer(id('GDT_HY_1')/gos:source/iso19115:CI_ResponsibleParty)"/>

          

<gostp:lastUpdateDate>2002-12-01T00:00:00</gostp:lastUpdateDate>

         

 <gostp:geometry>

           


 <gml:Point srsName="EPSG:62696405">

              



<gml:coordinates>-121.580866,41.998669</gml:coordinates>

          


  </gml:Point>

         

 </gostp:geometry>

          

<gostp:isAnchorPoint>false</gostp:isAnchorPoint>

        

</gostp:RoadPoint>

      
</gostp:startPoint>

     
 <gostp:endPoint>

        

<gostp:RoadPoint>

         

 <gml:name>End Point</gml:name>

         

 <gos:source xlink:href="#xpointer(id('GDT_HY_1')/gos:source/iso19115:CI_ResponsibleParty)"/>

         

 <gostp:lastUpdateDate>2002-12-01T00:00:00</gostp:lastUpdateDate>

         

 <gostp:geometry>

           


 <gml:Point srsName="EPSG:62696405">

              



<gml:coordinates>-121.573199,41.99851</gml:coordinates>

            


</gml:Point>

        


 </gostp:geometry>

          

<gostp:isAnchorPoint>false</gostp:isAnchorPoint>

        

</gostp:RoadPoint>

     
 </gostp:endPoint>

    </gostp:RoadSeg>

6. Data Preparation

6.1. California Data Preparation

The California Transportation data was generated with the help of the FME format conversion tool from the raw data in SHAPE files.

Below are examples of the Highway and Exit features served up by California WFS.

<gdt:Highway>

<gdt:SEGMENT_ID>1961381</gdt:SEGMENT_ID>


<gdt:NAME>STATE HWY 161</gdt:NAME>


<gdt:HWY_NUM>161</gdt:HWY_NUM>


<gdt:SEG_LEN>0.39357</gdt:SEG_LEN>


<gdt:SPEED>35</gdt:SPEED>


<gml:lineStringProperty>



<gml:LineString srsName="EPSG:62696405">

<gml:coordinates>-121.580866,41.998669 -121.573199,41.99851</gml:coordinates>

</gml:LineString>


</gml:lineStringProperty>

</gdt:Highway>

<gdt:Exit>


<gdt:EXIT_ID>658665</gdt:EXIT_ID>


<gdt:FROM_NAME>I 8 W</gdt:FROM_NAME>


<gdt:TO_NAME>COUNTY HWY 29</gdt:TO_NAME>


<gml:pointProperty>



<gml:Point srsName="EPSG:62696405">

<gml:coordinates>-115.687765,32.773629</gml:coordinates>

</gml:Point>


</gml:pointProperty>

</gdt:Exit>

6.2. Oregon Data Preparation

The Oregon Transportation data did not require any preparation on our side, as this data was hosted on the ODOT WFS. Galdos WFS-X connected to ODOT WFS to retrieve the data and translate it to the national schema.

7. Translation mechanism

The Translating Web Feature Service (WFS-X) is designed to accept requests for features in a national schema, connect to a data defined by a local schema and return features in the national schema. The data store might be remote or local WFS. For GOS-TP, the former case will be 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 code in the 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 WFS. The WFS-X primarily supports POST to POST conversions.

The basic approach is shown in the diagram below with a description.







1. A GetFeature request is received for features in the national schema.

2. The WFS-X uses XSLT stylesheets 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 stylesheet. 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.

8. Request Translation

The WFS-X developed in GOS-TP supported three WFS requests:

a) GetCapabilities

b) DescribeFeatureType

c) GetFeature

The transactional interface was out of scope of this project. It is expected that this interface will be developed in the context of the CIPI-1.2 project.

Galdos WFS-X serviced the three requests in two modes:

a) Source data was stored on a remote WFS (this applies to the Oregon data stored in ODOT WFS).

b) Source data was stored inside the WFS-X (this applies to the California data that was previously converted from its original format to GML).

The main difference between these two nodes regarding the data flow is that for remotely stored data a translated request is sent to the remote WFS storing the data. For locally stored data, the translated request is executed in the WFS part of WFS-X (WFS-X is an enhancement of WFS).

Galdos decided to use XSLT 1.0 for defining schema-based request translation rules. This decision was based on our intimate knowledge of XSLT, and because XSLT is generally very suitable for converting XML from XML. An XSLT engine was used to execute the stylesheets.

The only request that needed to be translated was GetFeature. Below is an example of such a request specifying the feature type RoadSeg from the GOS-TP schema.

<wfs:GetFeature outputFormat="GML3" service="WFS" version="1.0.0" xmlns:wfs="http://www.opengis.net/wfs" xmlns:gostp="http://www.opengis.net/gos/tp">


<wfs:Query typeName="gostp:RoadSeg"/>

</wfs:GetFeature>

8.1. California Request Translation

A client sends the National Transportation Schema based GetFeature request document for the California data. The XSLT engine maps the queries for the RoadPoint and RoadSeg features (national schema) to the queries for the Exit and Highway/Street features (California local schema) accordingly.

For example the request

<wfs:GetFeature …..>

        <wfs:Query typeName="gostp:RoadSeg" handle="Get RoadSeg.">


</wfs:Query>

</wfs:GetFeature>

will be translated to 

<wfs:GetFeature …..>

        <wfs:Query typeName="gdt:Highway" handle="Get Highway.">


</wfs:Query>

        <wfs:Query typeName="gdt:Street" handle="Get Street.">


</wfs:Query>

</wfs:GetFeature>

and the request

<wfs:GetFeature …..>

        <wfs:Query typeName="gostp:RoadPoint" handle="Get RoadPoint.">


</wfs:Query>

</wfs:GetFeature>

will be translated to 

<wfs:GetFeature …..>

        <wfs:Query typeName="gdt:Exit" handle="Get Exit.">


</wfs:Query>

</wfs:GetFeature>

The same server is used for the request translation and feature retrieval. The server has access to California data repository. Thereafter, the translated request is applied to the same server. 

The National Schema feature gostp:RoadSeg is mapped to two local features gdt:Highway and gdt:Street. It requires multiple queries to be created in the request to the local schema data server.

For example, the request

<wfs:GetFeature …..>

        <wfs:Query typeName="gostp:RoadSeg" handle="Get RoadSeg.">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>geometry</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

</wfs:GetFeature>

will be translated to

<wfs:GetFeature …..>

        <wfs:Query typeName=" gdt:Highway " handle=" Get Highway.">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>geometry</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

<wfs:Query typeName=" gdt:Street " handle=" Get Street.">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>geometry</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

</wfs:GetFeature>

8.2. Oregon Request Translation

A client sends the National Transportation Schema based GetFeature request document for the Oregon data. The XSLT engine maps the queries for the RoadPoint and RoadSeg features (national schema) to the queries for the HWY_CNTL_PT and the hwy_seg features (Oregon local schema) respectively.

The translated request is sent to the Oregon server that serves the data in the local schema. The National Schema gostp:RoadSeg feature must have the startPoint and the endPoint properties. They represent the start and the end of a road segment.  These properties have a value of the gostp:RoadPoint feature and could be mapped to the corresponding points in the local schema. Some of the HWY_CNTL_PT features are points that are designated for the start or the end of a highway.  Therefore the translator adds to the query for the RoadSeg another query for all HWY_CNTL_PT features. The spatial filter that was used in the query for segments (highways) is used for the points query.

For example, the request

<wfs:GetFeature …..>

        <wfs:Query typeName="gostp:RoadSeg" handle="Get RoadSeg.">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>geometry</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

</wfs:GetFeature>

will be translated to

<wfs:GetFeature …..>

        <wfs:Query typeName=" hwy_seg " handle=" Get hwy_seg.">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>GEOMETRY</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

        <wfs:Query typeName=” HWY_CNTL_PT" handle="Get HWY_CNTL_PT..">

<ogc:Filter>


     

 <ogc:BBOX>


            

<ogc:PropertyName>GEOMETRY</ogc:PropertyName>

                   

 <gml:Box>


                


 <gml:coordinates>-118.0,44.0 -115.0,46.0</gml:coordinates>

                   

 </gml:Box>

              

</ogc:BBOX>

          
 </ogc:Filter>


</wfs:Query>

</wfs:GetFeature>

The corresponding subset of the returned points is mapped back by the translator to the startPoint and the endPoint properties for the RoadSeg.

9. Response Translation

The only WFS request that required the translation of its response was GetFeature. The result of a successful GetFeature request is a GML document, i.e. a feature collection that comprises the features that matched the query criteria. Galdos WFS-X applied translation rules expressed in XSLT stylesheets to translate such a response, conforming to a local schema, to the corresponding response in the national schema.  In some cases, it was a simple feature-by-feature translation, while in other cases, translation was more complicated and it required smart processing of the response and even widening the scope of the translated request to enable a full translation of the response.

9.1. California Response Translation

For California Response the XLST engine maps the gdt:Exit feature to the gostp:RoadPoint feature. The gdt:Highway and gdt:Street features are mapped to the gostp:RoadSeg feature.

The description property of the RoadPoint feature is created by combination of the FROM_NAME and TO_NAME properties of the Exit feature.

For example:

<gml:description>Exit from I 8 W to US HWY 98</gml:description>

The property EXIT_ID (Exit feature) is used to form the name property for the RoadPoint feature.

For example:

<gml:name>Exit id: 658782</gml:name>

The NAME property of the Highway and Street features is used to form the gml:name  and gml:description properties of the gostp:RoadSeg.

For example:

<gml:description>Name:STATE HWY 161</gml:description>

<gml:name>STATE HWY 161</gml:name>

The fieldMeasure property (RoadSeg feature) is mapped to the SEG_LEN property (Highway, Street) of the GDT Schema. A constant (“miles”) is used for units representation.

For example: 

<gostp:fieldMeasure uom="miles">0.39357</gostp:fieldMeasure>

The lastUpdateDate property of the GOSTP features has no analogy in the GDT (California Schema). The WFS-X uses a constant to represent it.

The status property (gostp:RoadSeg feature) is set to “Active” permanently (the GDT data has no analogy).

The length property is calculated out of the segment coordinates.

The following is a portion of the template that was used to calculate the length property: 

<xsl:template name="calculateSegLength">

        <xsl:param name="coords"/>

        <xsl:param name="totalLength"/>

        <xsl:variable name="firstCoord" select="substring-before($coords, ' ')"/>

        <xsl:variable name="x1" select="substring-before($firstCoord, ',')"/>

        <xsl:variable name="y1" select="substring-after($firstCoord, ',')"/>

        <xsl:variable name="restCoords" select="substring-after($coords, ' ')"/>

        <!-- Figure out second coords -->

        <xsl:variable name="secondCoord">

            <xsl:choose>

                <!-- Take the first set of coords in the remaining string -->

                <xsl:when test="contains($restCoords, ' ')">

                    <xsl:value-of select="substring-before($restCoords, ' ')"/>

                </xsl:when>

                <!-- If it is the last coordinate, then select the whole string -->

                <xsl:otherwise>

                    <xsl:value-of select="$restCoords"/>

                </xsl:otherwise>

            </xsl:choose>

        </xsl:variable>


…

    </xsl:template>

The isAnchorSection property (RoadSeg feature) is set to false (no analogy in the GDT).

The National Schema gostp:RoadSeg feature must have the startPoint and endPoint properties. They represent the start and the end of a road segment.  These properties have a value of  the gostp:RoadPoint feature. The translator analyses the geometry properties of the returned local features and subsequently creates the values of the startPoint and the endPoint properties for the RoadSeg (Highway or Street in the local schema).

The gos:source is a mandatory property for national schema. It could be replaced by a constant, but in order to not repeat the same data in a response document the constant is used only once for the first member of a feature collection and is referenced with the help of an xlink:href in all other occurrences.

For example:

  <gml:featureMember xmlns="http://www.opengis.net/wfs" xmlns:gdt="http://www.geographic.com/gdt">

    <gostp:RoadSeg gml:id="GDT_HY_1">

      <gml:description>Name:STATE HWY 161</gml:description>

      <gml:name>STATE HWY 161</gml:name>

      <gos:source>

        <iso19115:CI_ResponsibleParty>

          <iso19115:organisationName>GDT - Geographic Data Technology</iso19115:organisationName>

          <iso19115:role>resourceProvider</iso19115:role>

        </iso19115:CI_ResponsibleParty>

…

      <gostp:startPoint>

        <gostp:RoadPoint>

          <gml:name>Start Point</gml:name>

          <gos:source xlink:href="#xpointer(id('GDT_HY_1')/gos:source/iso19115:CI_ResponsibleParty)"/>

…

      </gostp:startPoint>

    </gostp:RoadSeg>

  </gml:featureMember>
9.2. Oregon Response Translation

For Oregon Response the XSLT engine maps the HWY_CNTL_PT feature to the RoadPoint feature and the hwy_seg feature to the RoadSeg feature.

One of the key properties of  the HWY_CNTL_PT and hwy_seg features is LRS. The LRS stands for Linear Reference System and is a way of identifying different sections of highway.

The gml:name property (RoadPoint feature) is constructed out of END_MP_NO (hwy_seg feature) and  LRS properties (HWY_CNTL_PT feature).
For example:

<gml:name> Milepoint: 0.69  LRS: 000100100S00</gml:name>

The gos:source property (RoadPoint and RoadSeg features) is substituted with a constant.

The gostp:lastUpdateDate property (RoadPoint , RoadSeg features) is constructed by analysing CNTL_PT_ACTV_DT and CNTL_PT_INACTV_DT properties (HWY_CNTL_PT, hwy_seg features) . Those properties indicate the activation or deactivation date of a specific feature instance. The latest date is used. It is relevant for both RoadPoint (mapped to HWY_CNTL_PT) and RoadSeg (mapped to hwy_seg) features.

The two properties LRS and MP_NO of the HWY_CNTL_PT feature are used to find the link between a point and a segment of the road to which the point belongs.

The LRS of a point should match the segment’s LRS. The MP_NO should match BEG_MP_NO or END_MP_NO of a segment.

The BEG_MP_NO and END_MP_NO are the mile points of the beginning and the end of road segment.

The gostp:status property (RoadSeg) is mapped to the SEG_STAT_CD property (hwy_seg).

The gostp:isAnchorPoint is mandatory element in the national schema. Set to true because the local points are defined as control points, i.e. anchor points.

Therefore it is possible to use the gostp:isTheStartOf  and gostp:isTheEndOf properties. 

They are constructed with the help of BEG_MP_NO, END_MP_NO and HWY_SEG_ID properties.

Similar to the California response translation, the gos:source property is replaced by a constant, but in order to not repeat the same data in a response document the constant is used only once for the first member of a feature collection and is referenced with the help of an xlink:href in all other occurrences.

The length property is calculated out of the segment coordinates. The calculation code is the same that was used for the California response translation.

10. Translation Issues

10.1. Limited Local Server Abilities 

Translation server may not have access to the local schema data repository. In this case the translation server ability to respond on request correctly could be limited by corresponding abilities of the local data server. 

There are few examples showing the problem.

We had the problem of getting the WFS-X (1.0.0) to work with the ODOT WFS that supports the older versions (0.0.14) of the specification only. In addition, there is the problem of having those remote WFSs support different subset of the interfaces. For example, the ODOT WFS was not able to limit the number of the returned features by specifying the maxFeatures attribute in the getFeature request. (The way around is to limit the number of the returned features by applying a narrowing spatial filter in queries). 

While it was not necessary in the end, it should be mentioned the possibility of requiring the additional steps of converting the GET requests into the POST requests and the issues that apply. For example, it is impossible in the GET request to apply a separate filter to each feature type and namespace support in GET is poor.

10.2. Schema Issues

The mandatory lastUpdateDate, isAnchorSection, isAnchorPoint and status properties of the national schema’s features have no analogies in the GDT (California) Schema. It makes it impossible to reflect the values of those properties correctly. Because they are mandatory it is impossible just omit them in the national schema subset. To work around this problem these values were set to constants. 

10.3. Performance issues

One translation performance issue is the necessity to request all instances of the related features in order to find the proper association. The number of those instances could be limited by the application of a narrowing spatial filter. The alternative approach could be the sequence of requests that are based on a previous response. Both ways could be costly though. The choice depends on the translation specifics, the communication speed and the server data search performance. 

Schema translation is a memory intensive process. The feature mappings can be quite complex and may impact the server performance.

10.4. Data And Schemas Preparation Issues

Preparing the data set to be useful is time consuming process. Also there is an issue of the building a subset of the global schema, i.e., the WFSs may support some parts of the global schema, for example by not supporting some of the optional properties. It leads to the issue of handling different versions of the application schema.

11. Additional development

11.1.  WEB Admin Module

During the project development was also created WEB Admin Module in order to help an administrator to manage the state of the WFS (WFS-X) servers. It is not directly related to the project, but was a part of the Galdos proposal. The WEB Admin Module allows a WFS administrator to perform administrative tasks on a server remotely by using web browser user interface. Some tasks (add new schemas, insert features) require the necessary XML schema or document files be uploaded to the WFS (WFS-X) host computer. The WEB Admin Module provides the remote upload mechanism to accomplish that. The WEB Admin Module could be used as a HTTP or HTTPS listener. When the module is used in the HTTPS mode it provides the authentication and access control features to users. 
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