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Abstract
This contribution provides an analysis and summary of existing standards on semantics in the Open Geospatial Consortium (OGC). The aim of this contribution is to review the current progress on semantics standardization in OGC for reference to identify new work items for  the standardization  in oneM2M.
Proposal
In this contribution, we propose to insert the following text in the Section 7.2.2 (Introduction to OGC Sensor Web Enablement) of the TR on oneM2M Abstraction & Semantics Capability Enablement.
-------------------------------- Proposed Text --------------------------
7.2.2
Introduction to OGC Sensor Web Enablement
7.2.2.1
Overview

A sensor Web simply refers to web accessible sensor networks for enabling an interoperable usage of sensor resources by enabling Web-based discovery, access, tasking and alerting using standard protocols and application program interfaces (APIs). It enables the advancement of Web applications through improved situation awareness. 
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Figure 7.5: Sensor Web Concept
The Open Geospatial Consortium (OGC) [1] has worked to specify interoperability interfaces and metadata encodings that enable real time integration of heterogeneous sensor Web into the information infrastructure. The OGC has developed publicly available encoding and interface standards. These standards can be used so that developers create applications, platforms, and products involving Web-connected devices so as to make complex spatial information and services accessible and useful with all kinds of applications.
The Sensor Web Enablement (SWE) [2], a suite of web service interfaces and communication protocols, presents many opportunities for adding a real-time sensor dimension to the Internet and the Web as a unique and revolutionary framework of open standards for exploiting Web-connected sensors and sensor systems of all types. This has extraordinary significance for various vertical applications and services in M2M domains.
7.2.2.2
Sensor Web Enablement (SWE) Languages

The models, encodings, and services of the SWE architecture enable implementation of interoperable and scalable service-oriented networks of heterogeneous sensor systems and client applications. The OGC’s SWE initiative has focused on developing standards to enable the discovery, exchange, and processing of sensor observations, as well as the tasking of sensor systems. The functionality that OCG has targeted within a sensor Web includes [3]:

· Discovery of sensor systems, observations, and observation processes that meet an application’s or user’s immediate needs

· Determination of a sensor’s capabilities and quality of measurements

· Access to sensor parameters that automatically allow software to process and geo-locate observations

· Retrieval of real-time or time-series observations and coverage in standard encodings  tasking of sensors to acquire observations of interest

· Subscription to and publishing of alerts to be issued by sensors or sensor services based upon certain criteria.
In SWE, the OGC has made a framework of open standards for exploiting Web-connected sensors and sensor systems of all types. This framework is called a Sensor Web, and refers to web accessible sensor networks and archived sensor data that can be discovered and accessed using standard protocols and APIs. SWE is composed of three languages and four service specifications: 

· Observations & Measurements (O&M) [4]: Standard models and Extensible Markup Language (XML) schema for encoding observations and measurements from a sensor, both archived and in real time.
· An observation is an event with a result that has a value describing some phenomenon. The observation is modeled as a feature within the context of the ISO/OGC General Feature Model. An observation feature binds the result to the feature of interest, upon which it was made. An observation uses a procedure to determine the value, which may involve a sensor or observer, analytical procedure, simulation or other numerical processes.

· Sensor Model Language (SensorML) [5]: Standard models and XML schema for describing sensor systems and processes associated with sensor observations in order to provide information required for the discovery of sensors, location of sensor observations, processing of low-level sensor observations, and listing of taskable properties, as well as supporting on-demand processing of sensor observations.
· Within SensorML, everything including detectors, actuators, filters, and operators are defined as process models. A Process Model defines the inputs, outputs, parameters, and method for that process, as well as a collection of metadata useful for discovery and human assistance. The inputs, outputs, and parameters are all defined using SWE Common data types. Process metadata includes identifiers, classifiers, constraints (time, legal, and security), capabilities, characteristics, contacts, and references, in addition to inputs, outputs, parameters, and system location.

· Transducer Model Language (TransducerML or TML) [6]: A conceptual model and XML schema for describing transducers and supporting real-time streaming of data to and from sensor systems.
· TML defines: 
· A set of models describing the hardware response characteristics of a transducer. 
· An efficient method for transporting sensor data and preparing it for fusion through spatial and temporal associations.
· Sensor Observations Service (SOS) [7]: A standard Web service interface for requesting, filtering, and retrieving observations and sensor system information as the intermediary between a client and an observation repository or a near real-time sensor channel.
· The SOS includes three core operations: 
· The GetObservation operation provides an interface to query over observation data and returns an O&M document. 
· The DescribeSensor operation provides an interface to query for the description of a sensor and returns a SensorML document. 
· The GetCapabilities operation provides an interface to query for the description of a SOS. GetCapabilities allows clients to retrieve service metadata about a specific service instance and returns a GetCapabilites response document.
· Sensor Planning Service (SPS) [8]: A standard Web service interface for requesting user-driven acquisitions and observations as the intermediary between a client and a sensor collection management environment.
· Sensor Alert Service (SAS) [9]: A standard Web service interface for publishing and subscribing to alerts from sensors.
· Web Notification Services (WNS): A standard Web service interface for asynchronous delivery of messages or alerts from SAS and SPS Web services and other elements of service workflows.

The OGC SWE standards became a basis for the World Wide Web Consortium (W3C) Semantic Sensor Network (SSN) - Incubator Group (XG) [10] to study and recommend methods for using the ontology to semantically enable applications through the extension of the SenosrML for supporting semantic annotations.
As the OGC has identified the need for standardized interfaces for sensors in the Web of Things (WoT), the OGC has created a new Standards Working Group (SWG) on the sensor Web interface for the Internet of Things (IoT). The sensor Web interface for the IoT SWG [11] aims to develop such a standard based on existing WoT portals with consideration of the existing OGC SWE standards. This group is developing a candidate standard for access to sensor observations including location information well-suited to IoT and WoT deployment environments.

7.2.2.3
Semantic annotations in OGC standards
Introducing annotation
In the OGC Best Practice [12], the OGC has introduced the notion of semantic annotation. 
NOTE – Annotation of Web Services or data compliant to OGC standards refers to the task of attaching meaningful descriptions to the service and the served geospatial data or processes. The OGC has extended the expressiveness of such annotations by including more sophisticated (semantic) descriptions.
Semantic annotations enable data providers to connect the standardized service descriptions to the modeled knowledge. Semantic annotations establish a connection between the geospatial resource, its metadata, and the ontology. Figure 7.6 illustrates the three different levels of (semantic) annotations which are possible for OGC Web Services.
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Figure 7.6: Semantic annotations at three different levels
It is possible to distinguish between three locations where particular information about the resource can be acquired.
· The first source of information: the Capabilities-document which comprises functional properties telling the user how to access and invoke the service, as well as some resource metadata with information about the service provider, licensing, a title and description, or a keyword section. 
· The second source of information: a XML-based schema representing the data model, which comprises a description of the data model with focus on syntax and structure. 
NOTE – The metadata and the schema are describing the underlying data, and therefore explicitly linked (the orange arrow in Figure 7.6). 
· The third source of information: the data entities itself, encoded in the format predefined in the data model specified in the data schema.
There are two types of references (see Figure 7.7): 

· Domain reference: links between a local, application-specific model and a global, shared vocabulary. It can be also expressed in form of complex rules.
· Model reference: bridge different languages. It is always a link between two models (e.g., XML Schema or UML modelling data, RDF modelling a domain vocabulary, and so on) and a unique URI which points to the corresponding element in another model.
NOTE – The two types of references can overlap. In many cases a domain reference is in the same time also a model reference, since the reference performs both tasks (bridging in between two languages and linking from local to global). In this case, the domain reference should be used.
[image: image3.emf]
Figure 7.7: Two types of references
Semantic annotations at three different levels
Modeling knowledge and publishing it in a well-defined and machine interpretable format can result in increased usability of OGC Web Services. OGC considers ontologies as most promising format to capture such knowledge. But the possibilities to connect ontologies with OGC services are manifold. The followings discuss how we can annotate OGC services on the already mentioned three levels: 

· Level 1 - The service metadata 
· Adding knowledge model references in one of the existing sections in the data and/or services metadata (e.g., by extending the keyword section of OWS Capabilities) as the most pragmatic and still useful approach
[image: image4.emf]
Figure 7.8: Annotations as part of the resource metadata
· Level 2 - The data models and process descriptions 

· Semantic annotation on the data models and the service operations in order to relate service metadata more efficiently to domain knowledge. Considering data structures (e.g., Geography Markup Language (GML) [13] application schema) for semantic annotations enables reasoning on data model level.
NOTE – The GML is an XML grammar for expressing geographical features. 
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Figure 7.9: Referencing elements in the data model to domain ontologies
· Level 3 - The actual data instances in the database 

· Semantic annotations are also possible on the data entity level (e.g., GML features and feature attributes in OGC Web Service)
The three annotations levels differ in their potential. This is due to different reasoning capabilities, i.e. the abilities to infer either new knowledge (making implicit knowledge explicit) or to identify conflicts in existing models. Accordingly, the applications for semantically supported OWS discovery and workflow validation vary. 
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