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Summary of OGC Web Services - 4  (OWS-4)

1 Overview

The OGC Web Services, Phase 4 (OWS-4) Testbed was an initiative of OGC’s Interoperability Program to collaboratively extend and demonstrate OGC’s baseline for geospatial interoperability.  The main development of OWS-4 was conducted from June to December 2006 with the following outcomes: 

· 59 Components were implemented and participated in interoperability testing.  Components were developed in 7 threads each extending or refining a portion of the OGC Standards Baseline.  OWS-4 Participants conducted Technology Integration Experiments (TIEs) of the components were each TIE involved components developed independently by at least two organizations.

· 36 Interoperability Program Reports (IPRs) were written.  The OWS-4 IPRs were either technical specifications or reports regarding testing and analysis.  The OWS-4 IPRs have been posted to the OGC Specification Program Pending Documents list for consideration in the consensus process.

· 2 Major Demonstrations and several Side-bar Demonstrations were performed.   Demonstrations of the integrated capabilities of the OWS-4 components were performed using real-world scenarios.  The demonstrations and a video recap of the OWS-4 results have been released as multi-media products on DVD media and via the web.

· On-line OWS-4 demonstration:  http://www.opengeospatial.org/pub/www/ows4/index.html

· 11 Sponsoring organizations defined requirements for OWS-4.  The sponsors’ requirements were captured in an RFQ/CFP document that was released by OGC seeking organizations that wished to participate in OWS-5.

· 72 Organizations participated in some aspect of OWS-4.  Roles for organizations in OWS-4 include sponsors, participants and architects.  Additionally there were many organizations that were observers of OWS-4.

The Open Geospatial Consortium (OGC) conducts the Interoperability Program (IP) as a global, hands-on and collaborative prototyping program for rapid development of proven candidate specifications for consideration for consensus adoption and public release by the OGC Specification Program.  In OGC’s interoperability initiatives, international technology developers and providers team together to solve specific geo-processing interoperability problems posed by the initiative’s sponsoring organizations.  OGC IP initiatives include test beds, pilot projects, interoperability experiments, and interoperability support services – all designed to encourage rapid development, testing, validation and adoption of open, consensus-based standards specifications.

2 Major Technical Achievements

Major technical achievements of OWS-4 include the following

· The implementation and testing of SWE components reached a level of maturity sufficient to support the adoption of SWE specifications as standards by the OGC Technical Committee at the level of Version 1.0, i.e., O&M, TML, SensorML, SOS, SPS.

· Compliance Test Scripts and Reference Implementations for SDI 1.0 were developed.  Development and validation of an open source test engine (the TEAM engine) to replace the current compliance test engine.  Approval of the TEAM engine and the new scripts and reference implementations is anticipated at the April 2007 OGC Planning Committee meeting.

· OWS-4 was the 1st web services implementation of a set of CAD-GIS-BIM requirements; initial discovery and access to CGB data was achieved by extending existing OWS specifications.  An architecture for further development was defined.

· A baseline approach for OWS Workflow using BPEL was established and demonstrated in several scenarios.  Several processing services were defined as profiles of the Web Processing Service, e.g., Topology Quality Assessment Service, Model Output Processing Service.

· An open-source GML Client Application was developed and released as part of the OWS-4 DVD and through Source Forge.  While this application is limited in GIS functionality it provides geospatial browsing, supporting the visual integration of GML with WMS and WFS services.
· Implementation of GeoDRM and Security components consistent with the OGC GeoDRM Abstract Specification was accomplished.  The implemented architecture was captured in an Engineering Viewpoint architecture.

· Guidance for mapping domain models to ebRIM model for CSW was developed. 
· Progress was made on techniques for developing GML Application Schemas

· The OWS approach to Portrayal was refined including separation of SLD specification into two parts: Symbology Encoding (SE) and SLD profile of WMS.  Also now clearly identified are the two services of Feature Portrayal Service (FPS) and the Integrated SLD-WMS.
· The WCS was extended to accommodate a response using JPIP image streaming, i.e., geo-enabling JPIP.  The WCS parameters for requesting geospatial coverages provide an enhancement to the efficiency of JPIP data transfer.

· An initial architecture profile of OGC Web Services for the National System for Geospatial-Intelligence (NSG) was developed.  The profile will be refined in the D&I WG of the Specification Program.

Organizational participation

2.1 Sponsoring Organizations

OWS-4 was sponsored by the following organizations:

· US National Geospatial-Intelligence Agency (NGA)

· National Technology Alliance (NTA)

· GeoConnections - Natural Resources Canada

· US National Aeronautic and Space Administration (NASA)

· Oak Ridge National Laboratory (ORNL)

· Lockheed Martin 

· BAE Systems 

· US General Services Administration (GSA)

· Ordnance Survey

· NATO C3 Agency

· Tele Atlas NV

2.2 Interoperability Program Team

The Interoperability Program (IP) Team is an engineering and management team to oversee and coordinate an OGC Interoperability Initiatives. The IP Team facilitates architectural discussions, synopsizes technology threads, and supports the specification editorial process. The IP Team is comprised of OGC staff, representatives from member organizations, and OGC consultants. The OWS-4 IP Team was as follows:

· Initiative Manager: Lew Leinenweber, BAE Systems

· SWE: John Davidson, Image Matters

· GPW: Shayne Urbanowski & Ron Fresne, Lockheed Martin

· GeoDSS: Raj Singh, OGC & Josh Lieberman, Traverse

· GeoDRM: Josh Lieberman, Traverse

· CAD/GIS/BIM: Paul Cote, Harvard

· CITE: Jen Marcus, NG-TASC

· NGA Profile: Shayne Urbanowski, Lockheed Martin

· Demo Capture: Mark Buehler, OGC

· Interoperability Program Executive Director: George Percivall, OGC

2.3 Complete List of Organizations

The following organizations played one or more roles in OWS-4 as sponsors, participants and/or architects.  Additionally there were many organizations that were observers of OWS-4.

3eTi

ADI/Thales

AEC3 

Autodesk 

BAE Systems

Bentley

Blowing things up

COMCARE 

Compusult 

con terra

CSIRO-EM

CSIRO-ICT 

Cubewerx

deCarta

Eco-Systems

ESRI

FAO (GeoNetwork)

Forschungszentrum Karlsruhe 

Fraunhofer

Galdos

General Services Administration

GeoConnections

GeoTexel

GMU

Hasso-Plattner Institute 

Harvard Univ - GSD

Image Matters

IndoorLBS

Interactive Instruments

Intergraph

Ionic

IRIS (Argon ST)

ITC

ITT 

IU Bremen

Laser-Scan/1Spatial

Lat-lon

LizardTech/ Celartem

LMCo

MAGIC Services Forum

MapXperts

NASA

NATO C3 Agency

Navteq

NGA

NG-TASC

NIST

NTA  

Oracle

Ordnance Survey

ORNL

Onuma

Parsons Brinckerhoff

PCI Geomatics

PANYNJ

Smart Sensors

Snowflake

Spacebel

Spot Image

TU Berlin

Technical University of Munich

Tele Atlas 

Thirteen/WNET

TOPP

Traverse Technologies

Univ Alabama Huntsville

UniBW – AGIS

Univ of Bonn

Univ. Muenster - IFGI 

University of Potsdam - HPI

Vightel 

Washington University, StL

3 Schedule

The OWS-4 Testbed Execution Phase was proceeded by a Concept Development Phase

OWS-4 Concept Development Phase:

· Sponsor Meetings
Nov 2005 to Mar 2006

· Call for Sponsors 
6 January 06 

· Sponsor Agreements
Feb 06 to Sep 06

· RFQ development
Jan 06 to Apr 06

· RFQ response period
Apr 06 to May 06

· Participant Selection
May 06 to Jun 06

OWS-4 Execution Phase:

· Kickoff Meeting
13-16 June 2006, Oracle, Reston, VA.

· Participant SOW Milestone #1 
15 August 2006

· Participant SOW Milestone #2
15 October 2006

· Participant SOW Milestone #3 
15 December 2006

· OWS-4 Demonstration 
4-8 December 2006, PANYNJ, Jersey City, NJ

· OWS-4 DVD release
March 2007

· Specification Program review of OWS-4 IPRs 
TC meeting, April 2007, Ottawa

After the Kickoff Meeting, design, development and testing of OWS-4 components was conducted in a distributed fashion supported by the collaborative development resources of telecoms, a web portal, twiki, web collaboration tools, and e-mail.  

The SOW milestones had various deliverables particular to the participant. A limited number of IPRs will extended beyond this schedule as the inputs needed for the work was not available as anticipated.  See IPR table for more information.

4 Development Threads

The development of the OWS-4 initiative was organized around the following 7 threads:

1) Sensor Web Enablement (SWE)

2) Geo Processing Workflow (GPW)

3) Geo Decision Support (GeoDSS)

4) Geo-Digital Rights Management (GeoDRM)

5) CAD / GIS / BIM (CGB)

6) OGC Location Services (OpenLS)

7) Compliance Testing (CITE)

An introduction to these 7 threads is described below, followed by a listing of the components and IPRs developed in the thread.

4.1 Sensor Web Enablement (SWE)

The Sensor Web subtask focused on maturing the existing set of SWE work items to enable the federation of sensors, platforms and management infrastructure into a single sensor enterprise.  This enterprise will enable the discovery and tasking of sensors as well as the delivery of sensor measurements regardless of sensor type and controlling organization.  The ultimate vision is of a sensor market place where users can identify, evaluate, select and request a sensor collection regardless of sensor type, platform or owner.

Emphasis for SWE during this of the OWS project was on:

· Leveraging results of OWS-3 and SAS IE initiatives to refine, extend and integrate those specifications and implementations.

· Developing examples of SWE Information Model schema elements (i.e., O&M, SensorML, TransducerML and SWE Common) for specific classes and uses of observation offers, phenomena, sensor systems, processes and transducers.

· Harmonizing SWE concepts and specifications with other OGC specifications and initiatives.

· Harmonizing SWE concepts and specifications with other complementary initiatives moving forward by other organizations, including IEEE, OASIS and US Government agencies and programs.

· Demonstrating support for realistic operational scenarios per the SWE Enterprise Viewpoint and Use Cases.

In OWS-4, emphasis of interoperability engineering activities for the SWE thread was on integration and demonstration of physical sensors and simulators within a realistic operating environment. 

	SWE Components
	Participant

	Sensor Data Center
	IFGI - SOS, SPS, SAS

	Sensor Data Center
	Vightel – SPS, SAS, GeoRSS; WFS

	Sensor Data Center
	CSIRO ICT

	SOS for IEEE 1451 systems
	3eTi  - SOS

	IEEE 1451 sensors
	Smart Sensors 

	SOS for mobile MPEG-4 video
	Argon (formerly IRIS) 

	SOS on Spot data
	Spacebel

	SPS dedicated for EO system
	Spotimage

	WPS for O&M Observations
	Washington Univ.

	WPS for NASA models
	Washington Univ.

	SWE Visualization Client
	UAH

	SPS Client
	Spacebel


	SWE Interoperability Program Reports
	OGC Doc # 

	O&M IPR CR as input to V1.0
	07-022

(05-087r4+)

	Sensor Alert Service IPR as input to V1.0
	(06-028r3+)

	SensorML CR - 1451 to SML 
	TBD

	SensorML CR as input to V1.0
	(05-086r3) 

	SOS CR as input to V1.0
	(06-009r2+) 

	OWS-4 Sensor Planning Service for EO
	07-008

	SPS CR as input to V1.0
	07-014

(05-089r3+ )

	TransducerML CR as input to V1.0
	(06010r7+)

	TransducerML CR: 1451 to TML 
	TBA 

	SWE Architecture (revision) IPR 
	(06-021r1+) 


4.2 Geo Processing Workflow (GPW)

The Geo-Processing Workflow (GPW) thread developed and demonstrated how to interconnect geo-processes through service chaining to meet workflow requirements. The result is the basis for creating valued-added enterprise systems that demonstrate the power of interoperability and service-oriented architectures.  The OWS-4 GPW thread brings together developments from several previous initiatives:

· UML and GML3.2 application schema development

· Producer to Customer Production Workflow

· SWE Geo-processing Workflow

	GPW  Components
	Participant

	BPEL workflow engine
	GMU

	BPEL workflow engine
	Spacebel (ESA-SSE)

	Services for workflow
	EUSC

	WPS for geo-processing
	GMU

	WCTS
	Spot

	WFS-T, Temporal, FE, GZIP
	Galdos

	Data Aggregation Service
	Intergraph

	Schema Assembly tool updates
	Intergraph 

	Topology Quality Assessment Service
	1Spatial

	WCS-JPIP client
	ITT 

	WCS-JPIP server
	ITT 

	WCS-JPIP (GMLJP2)
	LizardTech

	WCS (GMLJP2, possibly JPIP)
	Spot

	WCPS 
	LizardTech

	WCS-T
	LizardTech

	GML App Schemas & UML Models 
	Interactive Instruments


	GPW Interoperability Program Reports
	OGC Doc # 

	GEOINT Structure Implementation Profile Schema Processing IPR 
	07-028 

	Local MSD Implementation Profile IPR - MSDS 
	07-027 

	AIXM Mapping IPR 
	07-029 

	Topology Quality Assessment IPR 
	07-007 

	WCS CR (JPIP) 
	06-128 

	WCS-T 
	06-098 

	WFS on Oracle 10G IPR (temp/topo) 
	06-154 

	WPS IPR 
	06-182 

	Workflow Architecture IPR 
	06-187 


4.3 Geo Decision Support (GeoDSS)

Geo-Decision Support Services (GeoDSS) provide interoperable access to distributed geospatial web services to aid decision makers in forming, analyzing, and selecting alternatives.  GeoDSS utilizes workflow management to produce context-specific results from information and knowledge from multiple communities.   The GeoDSS subtask extended the Decision Support and the Information Interoperability work done in OWS-3 to include multilingual interoperability and compressed GML data.

Enhanced decision support using information provided from an increasingly wide variety of services places more demands on the ability of the user client software. The GeoDSS thread developed and demonstrate client programs that will integrate many services, provide stand-alone relatively light-weight open-source GML visualization, and 3D CAD visualization. Each of these clients offers an opportunity to exploit the wide variety of data for decision support.

The planned activities for GeoDSS:

· Portrayal 

· Catalog Services for OWS-4

· GeoDSS Clients: Integrated Client, Open Source GML Client, 3D CAD Visualization

· Multilingual services

	GeoDSS Components
	Participant

	GeoDSS Integrated Client
	Intergraph

	GML 3.2 OS Viewer Client
	Thales

	Feature Portrayal Service
	Galdos - FPS

	SLD/SE documents for GeoSym
	Galdos - Geosym

	WMS - Multilingual
	Cubewerx

	WFS - Multilingual
	Galdos

	CS/W ebRIM
	Cubwerx

	CS/W ebRIM
	Ionic

	CS/W ebRIM
	NASA

	SLD/SE Documents for GeoSym
	Galdos


	GeoDSS Interoperability Program Reports
	OGC Doc # 

	CSW ebRIM Modeling Guidelines IPR 
	06-155 

	Multilingual OWS IPR including OWS Common CR 
	06-180 

	Feature Styling IPR 
	06-140 

	GeoDDS Mass Market IPR (including GeoRSS)
	07-004 


4.4 Geo Digital Rights Management (GeoDRM)

GeoDRM or Geospatial Digital Rights Management is defined in the OGC GeoDRM Reference Model as the packaging, distributing, controlling and tracking of geospatial content based on rights and licensing information. More generally it can be taken to cover a broad spectrum of capabilities and underlying technologies supporting description, identification, trading, protecting monitoring and tracking of all forms of rights usages for both tangible and intangible (electronic) assets, including the management of rights-holders relationships. 

For the purpose of the OWS-4 initiative, GeoDRM consists of standards, technologies, and practices which enable interoperable trading of geospatial content to be implemented on top of OWS services. GeoDRM does not include per se, but does require and connect to capabilities for establishing trust between actors in OWS services interactions.

OWS-4 focused on these activities for GeoDRM:

· GeoDRM Information Elements

· GeoDRM License Lifecycle for OWS Services

· GeoDRM enablement of OWS Services and Clients

· GeoDRM component implementations

	GeoDRM Components
	Participant

	GeoDRM-enabled client
	Con terra 

	GeoDRM-enabled WMS
	Ionic

	GeoDRM-enabled WFS-T
	UniBW 

	GeoDRM-enabling component: combined authentication & authorization service
	Fraunhofer 

	GeoDRM-enabling component: License manager, XACML
	Con terra


	GeoDRM Interoperability Program Reports
	OGC Doc # 

	Trusted Geoservices Model IPR 
	06-107 

	OWS Common CP IPR 
	06-177 

	GeoDRM Engineering Viewpoint IPR 
	06-176 


4.5 CAD / GIS / BIM  (CGB)

The activities of the CGB thread resulted in the development of several new types of components that demonstrate the integration of BIM with the OGC Web Services Architecture:   A new type of Transcational Web Feature Service (WFS-T for BIM) that serves features from BIM in both IFC and CityGML;  New client capabilities for three-dimensional thematic viewing and analysis of building information in CityGML form direct from Web Feature Services;  New capabilities in BIM authoring clients that consume CityGML from WFS and images from Web Map services to allow the development of BIM in geographic context.  The testbed also involved several interoperability experiments that stretched the capabilities of existing OGC services to support the new problems of serving CityGML through web feature services.  This testbed also resulted in fruitful discussions between the primary custodians of IFC and CityGML concerning the useful overlap of these two means of representing places. 

	CGB Components
	Participant

	CGB Client
	HPI

	CGB Client
	Onuma

	CGB Client
	Bentley

	CGB Server
	Snowflake

	CGB Server
	Onuma

	CGB Server
	Bentley 


	CGB Interoperability Program Report
	OGC Doc #

	CAD/GIS/BIM Services IPR 
	07-023 


4.6 OGC Location Services (OpenLS)

The OpenGIS Location Services (OpenLS) comprise an open platform for tracking and location-based applications targeting mobile terminals. The services are defined in two OGC specifications and preliminary results in the form of Draft Interoperability Program Reports resulting from the OWS-2 and OWS-3 Initiatives.

The OWS-4 OpenLS thread focused on refinement of Tracking Service that supplies  position management and access.

	OpenLS Components
	Participant

	Tracking Service Client
	Magic Services

	Tracking Service Server
	ORNL


4.7 Compliance Testing (CITE)

The OGC Interoperability Program and the OGC Specification Program have achieved a great deal of momentum as a result of the multiple OGC web service specifications that have recently been published.  Key consumers in the geospatial industry are modernizing their enterprises based on the applicability and interoperability of OGC web services. The major geospatial industry consumers require verifiable proof of compliance with OGC specifications in order to reach the desirable outcome of interoperability. Furthermore, as the OGC technology stack has matured, a group of interfaces has emerged that represents a baseline of technology needed to implement a full interoperable spatial data infrastructure. 

The OWS-4 CITE thread resulted in a suite of compliance tests for this baseline of interfaces, which include WMS, WFS, Filter Encoding, CSW, WCS, GML, SLD and Web Map Context. Also included in the requirements are reference implementations of these specifications. A reference implementation is an open source, fully functional implementation of a specification in reference to which other implementations can be evaluated. The OGC provides open source reference implementations to ensure maximum transparency of its specifications for both vendors and customers.  

Another key aspect of CITE under OWS-4 was the evaluation of the technology with which OGC runs its test program. In the past, service testing has successfully been performed using software acquired from The Open Group. This software has served well for developing tests for a variety of services, but it is less useful in testing XML encodings. Also, this software is a commercial product, and therefore its use incurs ongoing maintenance and feature enhancement costs to the OGC membership. For these reasons an evaluation of an open source alternative was conducted in this thread. 

	CITE developments
	Participant

	WMS Compliance Test Script
	TASC 

	WFS Compliance Test Script
	Galdos 

	CS/W Compliance Test Script
	Galdos 

	GML Compliance Test Script
	Galdos 

	WMS-context compliance test Script
	TASC

	WMS Reference Implementation
	lat-lon 

	WFS Ref. Implementation
	TOPP 

	CSW Ref. Implementation
	GeoNetwork 

	OS Test Engine Configuration Mgmt
	TASC


	CITE Interoperability Program Reports
	OGC Doc # 

	Compliance Test Engines IPR 
	07-012

	WMS 1.3.0 Test Suite IPR
	07-013  

	CSW Test Suite IPR
	07-049

	WFS Test Suite IPR
	07-048



