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Preface

This document captures recommended best practices that resulted from the Ocean Science Interoperability Experiment (Oceans IE). The Oceans IE was created to investigate the use of  OGC Web Feature Services and OGC Sensor Observation Services for representing and exchanging point  data records from fixed in-situ marine platforms, such as data records from fixed sensors in moored buoys. 
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OpenGIS® Ocean Science Interoperability Experiment  1
1. Introduction

Scope

This document provides lessons learned and best practices resulted from the Ocean Science Interoperability Experiment (Oceans IE). The Oceans IE was created to investigate the use of  OGC Web Feature Services and OGC Sensor Observation Services for representing and exchanging point data records from fixed in-situ marine platforms. This document provides the following:

1. Comparative information regarding retrieving common marine observations from the getFeature operation of OGC Web Feature Services (1.1) and the getObservation operation from OGC Sensor Observation Services (1.1) and,

2. best practices for developing an SOS service for marine observations. 

Foreword

This is an informative document that describe lessons learned and best practices from using OGC,  as well as, W3C standards. This is not an OGC or W3C standard.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. The OGC shall not be held responsible for identifying any or all such patent rights.

Document contributor contact points

All questions regarding this document should be directed to the editor or the contributors:

	Name
	Organization

	Luis Bermudez
	Southeastern Universities Research Association

	John Graybeal
	Monterey Bay Aquarium Research Institute

	Gerry Creager
	Texas A&M University

	Tony Cook
	Texas A&M University

	David Forrest
	Virginia Institute of Marine Sciences

	Charlton Purvis
	Texas A&M University

	Eric Bridger
	Gulf of Maine Ocean Observing System


Revision history

	Date
	Release
	Editor
	Primary clauses modified
	Description

	2008-06-26
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	Throughout
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	Throughout
	Remove template comments not needed anymore – more editorial corrections

	
	
	
	
	


Future work

Improvements in this document are desirable to amplify details of the specifications and resources used within the OGC standards (for example, vocabulary term resources).

The Ocean Science Interoperability Experiment will continue to several phases. Possible topics will include:

· Investigating more complex observations and features in the marine domain.

· Investigating existing marine sampling features models and SWE conceptual models ( e.g O&M) .

2. Normative  References

The following documents are referenced in this document. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. For undated references, the latest edition of the normative document referred to applies.

OGC 06-121r3, OGC Web Services Common Specification, 1.1.0
OGC 04-094, Web Feature Service Implementation Specification, 1.1.0

OGC 06-009r6, Sensor Observation Service 1.0.0, 

OGC 07-000, OpenGIS Sensor Model Language (SensorML) Implementation Specification,  1.0.0

OGC 04-095, OpenGIS Filter Encoding Implementation Specification,  1.1.0

3. Terms and definitions

To be completed.

For the purposes of this report, the definitions specified in Clause 4 of the OWS Common Implementation Specification [OGC 06-121r3] and in OpenGIS® Abstract Specification Topic TBD: TBD shall apply. In addition, the following terms and definitions apply.

term name

text of the definition

term name
synonym

text of the definition

NOTE 
Note text.

The Terms and definitions clause is an optional element giving definitions necessary for the understanding of certain terms used in this document. 

Rules for the drafting and presentation of terms and definitions are given in the ISO 19104 Terminology. For example, term names are not capitalized in this list, unless that term is normally capitalized. The definition text shall not be a complete sentence, but should be substitutable (in theory) for the term name. This definition text shall thus not be capitalized or be followed by a punctuation mark. Any notes should be complete sentences, with NOTE capitalized as shown.

4. Conventions

Abbreviated terms

TBD

5. Background 

5.1. Motivation
Ocean observing systems incorporate a spectrum of sensors and data.  Making the data available to any interested researcher is important: data sharing and experimental reproducibility are hallmarks of the scientific process.  However, different groups may represent, transport, store and distribute their data in different ways, leading to difficulties in sharing these data.  OOSTethys, which is an open source community effort is exploring the best mechanisms to make ocean data interoperable. 

Participants, within OOSTethys had expressed interested in making time series data in a web services standard mechanism. Early 2006, the OOSTethys group found no commonality of existing web  services. Descriptions of the processes involve in the observation were limited and the observations were described via different profiles.  The new Sensor Web Enablement standard was possibly a good alternative, since it provided  common models for sensors and observations.
In the spring of 2006, the OOSTethys effort began experiment with Sensor Web Enablement interfaces and encodings for the distribution of ocean observing systems data.  As a test case, participants implemented Sensor Observation Services for a distributed network of ocean buoys.  This has involved in the creation of SensorML instance documents which contains information about the platform and sensor characteristics of common marine devices.  Observation and Measuruments O&M template files have been created for the exchange of real-time and archived buoy measurements.  

In 2007 the OOSTethys group formally started an OGC Interoperability Experiment (Oceans IE) to invite the ocean science community to participate in discussing and setting up Web Feature Services and Sensor Observation Services for comparison and learning purposes. The lesson learned and best practices are captured in this document.

As the standards and experience of the different groups on publishing and accessing the SWE standards evolve, OOSTethys will continue to improve as well, and will continue participating in OGC activities. The importance of OOSTethys and  the Oceans IE could be measured by the adoption of these technologies by important ocean observing systems initiatives.  SWE is being considered or adopted NSF's Ocean Observing Initiative, the U.S. government Integrated Ocean Observing System, Data Integration Framework, and Europe's ESONet program.

5.2. User Scenarios
The user scenarios driving this interoperability experiment share a common focus on exchanging and assessing processes involved in time-dependent in situ observations of marine systems. The distinguishing use cases can be extracted from the following user scenario:

A scientist has developed a decision-support tool for fisheries management. She has based her tool on research that demonstrates correlation between abyssal temperatures offshore, near shore sea-surface temperature, and various indicators of ecosystem health such as abundance and distribution of fish stocks. In particular, she knows that long-term historical records of in situ sea-surface temperature near the coast can be used to predict climatic variation in the relatively sparse measurements of offshore abyssal temperature. She needs to calibrate her decision-tool predictions using the best available long-term records and needs to base her real-time predictions of abyssal temperature in her region of interest using the best available real-time observations she can find.

She knows the data could be coming from any of several different state, federal and research institutions in the region. To find the data, she goes to a web site that allows search of a regional data-service registry created by the Gulf of Maine Ocean Data Partnership. She queries the registry for any and all in situ measurements of sea-surface temperature within 100 Km of Booth Bay in the last 20 years – she finds 200 possible sources of data. She narrows the search by selecting only those records that span more than 10 years. She’ll use these data for verification of her model. She then queries the registry to refine the search to identify those measurements that are producing real-time observations. She finds 10 different data sources, and she further refines her search to find those that are producing repeated measurements at a single location, preferably a moored instrument near the bottom along the 50 meter isobath. She’ll use these data for her real-time predictions.

6. Ocean Observation and Measurement

6.1. Definition

An Observation is an event whose result is an estimate of the value of some property of a feature-of-interest, obtained using a specified procedure. (OGC 07-022r1). An example of an ocean observation is as follows: Buoy M, in the Monterey Bay, incorporates a SeaBird device that at  2007-01-01 12:02 PM  recorded a Sea Surface Temperature (SST) of 10 degrees Celsius (C). In this example the feature-of-interest is the region depicted by a station located in 'Monterey Bay'. The property is the sea surface temperature, and the estimate of the value of that property is 10 deg C. The procedure refers to the deployment of a system encompassed by the SeaBird sensor attached to the buoy. 

An ocean observing system could contain different system configurations, depending on the platform constraints and the sensing capabilities of the attached sensors. For example A platform could be constrained by an orbit (satellite) or by a path (AUV) or by a tethered (moored buoy) or not constraint in the horizontal plane (float). On the other hand sensors could produce not only simple point data records (fixed depth , latitude and longitude)  but complex records where depth, latitude longitude could vary, such as profiles and swaths. For the purpose of this experiment we concentrated on point data records from fixed in-situ marine platforms. Meaning data that do not varies in depth, latitude and longitude from sensors attached to platforms that are fixed and are located near the in the place where the observation is occurring.
6.2. Query
There are several class scenarios requiring the exchange of ocean observations. They reflect the needs of users who are performing characteristic functions like reporting aggregating, evaluating data or assimilating data into models. A general query could be represented as follows:

Retrieve N number of records, which estimate a property P at a geographical location L, in a given time frame T, collected with procedure S. 

A query of this type could be seen as a set of subqueries. Table 1 presents the detail of the different subqueries that we were interested in testing:

Table 1 Query Components 

	Query

	Geographic Location

	lat long

	lat long z

	Time

	time instance

	time range 

	Procedure

	1 (single procedure)

	N (multiple procedures)

	all available

	Observed Property

	1 (single property)

	N (multiple properties)

	all available

	Number of Records

	latest (1)  

	latest (N)


7. OGC Comparison result between WFS and SOS

First an overview of the OCG technologies used are presented, and secondly a comparison of the technologies is given.

7.1. Web Feature Service

Features are application objects that represent a physical entity (ref GML). For example: road, station, river, coastline, etc. Feature have attributes, some times called properties, such as name, shape or location. Geographic features are those features that have at least one geographic property (OGC 04-094). 

The OGC Web Feature Service (OGC 04-094) provides an interface to query, as well as to perform transactions of features. Responses are encoded using the Geography Markup Language (GML). The operations define in the interface are as follows:

· GetCapabilities

· DescribeFeatureType

· GetFeature

· GetGmlObject

· Transaction (Insert, update and delete)

· LockFeature
The first three bold interfaces are mandatory. The getCapabilities answers the capabilities of the service. For example what operations are available. The describeFeatureType operation answers the schema of a feature type. The getFeature responds to a concrete instance of a featureType and conforms to the schema answered by the describeFeatureType.  

The operation that the Oceans IE was most interested on was getFeature. This is the operation that provides the values of an instance of a feature, so it is the only one that could be comparable to a getObservation request in an SOS service.

Figure 1 depicts core components of the getFeature request operation of a WFS.  The getFeature request contains one or more query elements. A query element contains a featureType, and one or more property names related to the featureType. A query also contains a filter expression, which constrains the property values using the OGC common catalog query language.  Feature is a very general concept; therefore, a WFS  getFeature response those not contains explicit semantics in the request and response which could refer the different components of an observation.

Figure 1 Partial View of GetFeature Request
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There are many terrestrial and atmospheric data users that leverage the WFS protocol to exchange information, and some marine users as well.  For example, NOAA's  National Digital Forecast Database (NDFD) Experimental WFS (http://www.weather.gov/xml/OGC_services/). This terrestrial service provides a more computer-friendly interface to the wealth of National Weather Service data which had been historically only available in text format; National Weather Service customers and partners can then use the data in their GIS. Typically the users of this standard focus on moving blocks of relatively homegenous operational data; rich metadata is not typically a key part of the transaction.

7.2. Sensor Observation Service

SOS is one piece of the larger OGC Sensor Web Enablement (SWE) initiative. The goal of SWE is to enable all types of Web-accessible sensors to be accessible and, where applicable, controllable via the Web. SOS provides a broad range of interoperable capability for discovering, binding to and interrogating individual sensors, sensor platforms, or networked constellations of sensors in real-time, archived or simulated environments. Other SWE protocols include:  the Sensor Planning Service (SPS), which defines an API for tasking sensor systems.; and, the Sensor Alert Service (SAS) which defines interfaces for publishing and subscribing to alerts from sensors. 

The SWE operations could be categorize in core, transaction and enhanced operations.

Core Operations (mandatory):

· GetCapabilities

· DescribeSensor

· GetObservation 

Transaction Operations (optional):

· RegisterSensor

· InsertObservation

Enhanced Operations (optional):

· GetObservationById

· GetResult
· GetFeatureOfInterest
· GetFeatureOfInterestTime
· DescribeFeatureType
· DescribeObservationType
· DescribeResultModel
The OceansIE experiment was interested on experimenting with the core operations. For the details of the other operations the specification could be consulted (SOS). SOS has three mandatory operations: GetCapabilities , DescribeSensor, and GetObservation. The GetCapabilities operation provides the metadata about the SOS service available. These includes: metadata about the operations, and in particualr the systems identifiers and the detail of the observation offerings. 

The DescribeSensor operation answers detailed information about the sensor systems or processes generating the observations offerings. These includes contact information, classification metadata, deployment, capabilities and input and output details

The GetObservation operation provides access to the observed data. It contains the metadata about the observation offering, so information about the feature of interest, procedure and phenomena is provided as well.

SWE is being considered or adopted by most of the major marine observing system initiatives, including NSF's Ocean Observing Initiative, the U.S. government Integrated Ocean Observing System project, and Europe's ESONet program.

7.3. Comparison of getFeature (WFS) with  GetObservation (SOS)

The getFeature operation of the WFS service was compare against the getObservation request of the SOS service. Both operations contain two pieces: the request and the response. In both cases we describe them as UML. The request is based on the query components and the result on the observation model.

We looked at existing WFS services such as NWS and SCOOP WFS and we generated new WFS and SOS services from a common data source: the Meteorological Assimilation Data Ingest System (MADIS: http://madis.noaa.gov), which makes value-added data available from the NOAA Earth System Research Laboratory. WFS was implemented using Map Server, while SOS was build using the UAH toolkit (Reference from Tony). We enabled the WFS Map Server to serve the information that the SOS was able to deliver, and created queries to get similar results.

7.3.1.1 Request Comparison

To perform the comparison a set of query components was formalized (Table 2). The table also presents the default capability of WFS getFeature and SOS getObservation operations. Default capability, means that the specification defined these query capabilities without any need for extending it. It is expected that all of the services that conform to the specification should have that capability. 

	Query
	getFeature() WFS 1.1
	getObservation() SOS 1.0

	Geographic Location
	
	

	lat long
	X
	X

	lat long z
	X
	X

	Time
	
	

	time instance
	
	X

	time range 
	
	X

	Procedure
	
	

	1 (query single procedure)
	
	X

	N (query multiple procedures)
	
	X

	all available
	
	

	Observed Property
	
	

	1 (query single property)
	
	X

	N (query multiple properties)
	
	X

	all available
	
	

	Number of Records
	
	

	latest (1)  
	
	

	latest (N)
	
	


Query by Geogaphic Location (Bounding Box) is the only query component that the  WFS specifications supports by default. All the other query components are not directly  supported by the specification and they availability of them depend on the definition of the feature type given by the service provider.  

For example a WFS could be setup to provide the latest data from a buoy. In this case the time query is not necessary and the featureType (e.g. buoy) will have no properties named time.

In WFS there is no concept of observation, procedure, observedProperty, time or number of records; however, a complex feature could be specified that could contain all these concepts. 

In both operations there is not  concept for paging, or retrieving a specified number of records. For example there is not support for specifying an interval of records or asking for the latest one or latest N. These should not be confused with the capability of WFS that allows to limit the number of features. Feature, in a WFS could be an observation offering, or a procedure (e.g. buoy), but we are not aware of any WFS service that encodes a time step as a feature.

Need to put more examples of WFS

	
	
	
	

	http://sos-web.tamu.edu/sos-cgi/madis?service=wfs&request=getcapabilities&version=1.0.0
	
	
	

	
	
	
	

	
	
	
	


7.3.1.2 Response Comparison

WFS responds a feature that contains properties in GML. SOS responds an observation in O&M, that contains an observe Phenomena, a featureOfInterst, a procedure, and a  result.

WFS responses are presented as Geographic Markup Language (GML). The 1.0.0 version of the WFS specification requires the use of GML version 2.1.2, while the 1.1.0 version of the WFS specification requires the use of GML version 3.1.1. (The latter additionally supports multiple dimensions like time and depth/elevation, and more complex geometric features.) For both versions of the WFS specification, other arbitrary encodings can be defined. A schema must be defined for the GML returned by WFS, so that the client can parse the returned information. These requires that:

The SOS getObservation method responds with data formatted using O&M (the Sensor Web Enablement Observation and Measurement standard). The O&M schema is richly expressive, yet sufficiently decomposed that clients can parse the response for information of interest to them, while ignoring information they can not understand. The use of soft-typing in the O&M schema enables significant flexibility to express observation responses. 

· data providers need to develop their own schema

· interoperability is harder ro

More …

7.3.1.3 so solutiuons

- use filter capabilities WFS

There are capabilities within WFS to specify additional filters on data, and these could be used to incorporate the additional query features that are not provided by default. However, the server must be built to understand those filters; most WFS servers and clients would not understand the added capabilities of these filters.

7.3.2. Query Capabilities

The query capabilities of a web service are defined as the capabilities of an application installed in a web server, to understand query requests and respond appropriately.  The abilities tested were:

a) Inclusiveness (ability to support all the queries)

b) Ability to express the query semantics (ability to request ocean observation queries)

c) Extensibility for inclusiveness (ability to extend the request capabilities to fit an ad hoc information model)

7.3.3. Response Capabilities

a) Ability to express an ocean observation (use case, others)

b) Ability of clients to understand responses from multiple web services (interoperability)

7.3.4. Other Issues

a) Effort required to maintain a schema (versioning, adding, testing, compatibilities)

b) Effort required to express more functionality

c) Relationship with other technologies

8. Comparison Results

Semantic Expression. The expression of WFS queries is flexible, and an information model of a server can be easily expressed. In SOS, the implementer must follow best practices for using the standard under given conditions, and these do not necessarily allow full expression of a native information model. Although to date there is limited need in the oceanographic domain for this level of semantic flexibility (especially in the context of assuring interoperable systems), more robust semantic expression of queries represents an important future need.

Extensibility. WFS could be extended and is meant to be extended. SOS is meant to be used, and possibly creating profiles with technologies such as schematron.

Interoperability. For a single server running WFS or SOS, the interoperability of clients is roughly the same. The provision of the schema by the WFS server will typically provide sufficient information for the clients to automatically acquire and process information of interest, at least to roughly the same degree such computability is possible with an SOS server.

However, a case with multiple disparate data servers is somewhat different. Because the O&M schema is a widely used and flexible specification, it is more straightforward for disparate, uncoordinated collections of systems using SOS to interact, than it is for comparable systems of systems using WFS. The additional step of agreeing on a schema must be completed across the whole operational community to achieve ad hoc operational interoperability with WFS. 

Note that in either case, interoperability may be fundamentally constrained by the need for a common semantic framework, so that clients and disparate servers use the same terms for the same concepts. As with the WFS schema, such a semantic framework must be agreed across the entire community.

Other Issues

The standards were compared with respect to several other typical issues.

Schema Maintenance. WFS requires the creation of an agreed schema (a 'Feature Profile') defining the server's data response, before a server can be instantiated. Such schema should be sent to the OGC standards body for approval. In SOS, the O&M, SensorML, and SWECommon schemas are already standards, so an initial level of schema interoperability is a given. The development and maintenance of such schemas is a non-trivial activity, and this constrains interoperability as noted previously. On the other hand, custom development of this schema in the WFS case may provide more flexibility to the service providers to more precisely represent their information model.

Ease of implementation (Eric)


Refer to NOAA CSC results (WFS)


Refer to supported tools

Functional Maintenance. The key aspect considered in this question is the difficulty of adding more capabilities, for example, additional properties, procedures, or even observation types. In WFS, any such change implies changes to the schema. As previously noted, this is a time-consuming and community-constrained activity. It may also be sensitive to the introduction of bugs and versioning issues. 

SOS, on the other hand, uses a rich sensor and observation model, and is able to handle most  types observations, include the marine, without any schema changes or additions. The use of soft-typing in the O&M schema enables significant flexibility to update observation responses, for example by adding new property offered by sensor doesn’t requires modification of the schema itself.

9. SOS Best Practices

9.1. Feature of Interest

… a physical marine entity. As said before it could depict the exact location of the observation or a greater spatial extent. O&M part 2 (OGC 07-002r3) defines a new artifact related to an observation: a Sampling Feature, which describes the strategy suitable for estimating the observed property via the observation procedure. Sampling features are categorized based on their shape: sampling point, sampling curve, sampling surface and sampling solid. OGC Ocean Science Experiment 1 focused on the differences in representation of common marine sampling points, within OGC Sensor Observation Service (SOS) and the OGC Web Feature Service (WFS).

9.2. HTTP Get Request

http://www.oostethys.org/overview/best-practices/best-practices-get/

9.3. Vertical Datum Coordinate reference system

http://www.oostethys.org/overview/best-practices/Vertical%20Datums/
9.4. Uniform Resource Identifiers

For OGC:

http://www.oostethys.org/overview/best-practices/best-practices-ogc-urns/

for Others:

TBD
9.5. Semantic Mediation and categories

http://www.oostethys.org/development/oostethys-components/semantic-mediator/categories

Also tell the story about how we are tagging systems, phenomena and sweCommon components ( type of dataARRAY)

9.6. Modeling Systems of Systems

[image: image2.wmf]
Figure 2 Observation and System model used in OOSTethys

9.7. Get Latest

http://www.oostethys.org/overview/best-practices/best-practices-getobslatesttime/

9.8. Data Encoding

Describe why we are using sweCommon and how we are dealing with dataArrays and dataRecords

9.9. Profiling using schematron

�	 The current version of the “Template for OWS Implementation Standards,” is OGC Document 05-009r3.
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