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Abstract
This contribution provides an analysis and summary of existing standards on semantics in the World Wide Web Consortium (W3C). The aim of this contribution is to review the current progress on semantics standardization in W3C 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 7.2.3 (Introduction to W3C Semantic Sensor Network Ontology) of the TR on oneM2M Abstraction & Semantics Capability Enablement.
-------------------------------- Proposed Text --------------------------
7.2.3
Introduction to W3C Semantic Sensor Network Ontology
7.2.3.1
Overview

The World Wide Web Consortium (W3C) Semantic Sensor Network (SSN) - Incubator Group (XG) [1][2] had worked on two main objectives: 1) to develop an ontology to describe sensors and sensor networks, and 2) to study and recommend methods for using the ontology to semantically enable applications through the extension of the Sensor Model Language (SenosrML) [3] developed in the Open Geospatial Consortium (OGC) [4] for supporting semantic annotations.

The W3C SSN-XG had recognized that several Sensor Web Enablement (SWE) [5] standards developed by the OGC should be replaced by approaches based on the semantic Web languages developed by W3C. Furthermore, the group were also motivated the fact that the development of ontologies and of mechanisms to support semantic annotations for sensors could improve interoperability and integration of various services with enhanced capabilities such as reasoning and automation.

For developing an ontology, the W3C SSN-XG considered the following two axes for identifying a set of use cases: 1) various users who use and manipulate data as well directly manage sensor and sensor networks, and 2) technical evolution toward the integration of sensor Web and semantic Web. The following provides four groups of use cases identified for the modeling of sensors in the group:
· Data discovery and linking to find all observations that meet certain criteria, and possibly link them to other external data sources. 
· Device discovery and selection to find all the devices that meet certain criteria. 
· Provenance and Diagnosis to provide extra information about the instrument to better evaluate or process the data.
· Device Operation Tasking and Programming to command a device’s operation using its description and information on its conditions of use.
Based on use cases, the W3C SSN-XG had developed the ontology (called SSN ontology, see the Section 7.2.3.2) which provides a high-level schema to describe sensor devices, their operation and management, observation and measurement data, and process related attributes of sensors. The SSN ontology supports a domain-independent and end-to-end model for sensing applications, and it can be used with domain ontologies and other ontologies to model the observation and measurement data produced by the sensors. For ontology specification, Web Ontology Language Description Logic (OWL DL) was selected to encode sensor descriptions considering mapping between the ontologies and OGC models.

7.2.3.2
The Semantic Sensor Network Ontology
Introduction
Before starting the work on the SSN ontology, the W3C SSN-XG extensively reviewed ontologies and data models describing sensors and their capabilities as well as observation, using attributes [6]. After reviewing them, the group identified that there are important concepts that should be included, but found that none of the existing ontologies supported all of those required concepts. Therefore, the group started to newly develop a formal OWL DL ontology for modeling sensor devices (and their capabilities), systems and processes. 
NOTE – The Section 4 in [2] provides details reviewed senor ontologies and observation ontologies as well as surveys of various ontologies.  
For describing the physical and processing structure of sensors, the ontology is based around concepts of systems, processes, and observations. There had been considered various kinds of sensors (e.g., a device, computational process or combination) including typical physical sensing devices and anything for estimating or calculating the value of a phenomenon. The representation of a sensor in the ontology links the followings: 1) what it measures (the domain phenomena), 2) the physical sensor (the device) and 3) its functions and processing (the models).

NOTE – The ontology is available as a single OWL file: SSN ontology [7] and a semi-automatically generated documentation [8] derived from it is also provided as a standalone document. 
NOTE – In the Section 5 in [2], there are five worked examples to illustrate different parts of the SSN ontology: University deployment, Smart product, Wind sensor, Agriculture Meteorology, and Linked Sensor Data.

Ontology structure

The SSN ontology revolves around the central Stimulus-Sensor-Observation pattern.
NOTE – The Stimulus-Sensor-Observation Ontology Design Pattern aims at all kind of sensor or observation based ontologies and vocabularies for the Semantic Sensor Web and especially Linked Data. 
· Stimuli: detectable changes in the environment (i.e., in the physical world).
· Sensors: physical objects that perform observations (i.e., they transform an incoming stimulus into another, often digital, representation).
· Observations: act as the nexus between incoming stimuli, the sensor, and the output of the sensor (i.e., a symbol representing a region in a dimensional space).
Several conceptual modules (see Figure 7.9) build on the pattern to cover key sensor concepts. Figure 7.10 which shows the relationships between modules contains an overview of the main classes and properties inside the ontology modules.
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Figure 7.9: Overview of the Semantic Sensor Network ontology modules

The ontology can be used for a focus on any (or a combination) of a number of perspectives:

· Sensor perspective: what senses, how it senses, and what is sensed.
· Data or observation perspective: observations and related metadata.
· System perspective: systems of sensors.
· Feature and property perspective: features, properties of sensors, and what can sense those properties.

The modules allow further refining or grouping of these views on sensors and sensing. The description of sensors may be detailed or abstract. The ontology does not include a hierarchy of sensor types.

NOTE – Domain experts can define further details. Thus, the ontology could be a simple hierarchy or a more complex set of definitions based on the workings of the sensors.
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Figure 7.10: Overview of the Semantic Sensor Network ontology classes and properties

The modules contain the classes and properties that can be used to represent particular aspects of a sensor or its observations: for example, 
· Sensors 
· Observations
· Features of interest (i.e., entities in the real world that are the target of sensing)
· The process of sensing (i.e. how a sensor operates and observes)
· How sensors are deployed or attached to platforms
· The measuring capabilities of sensors
· Their environmental, and survival properties of sensors in particular environments 
Figure 7.11 shows a detailed enumeration of these properties.
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Figure 7.11: Enumeration of the measurement, environmental and survival properties

The main classes of the SSN ontology have been aligned with classes in the DOLCE Ultra Lite (DUL) foundational ontology to facilitate reuse and interoperability [9]. Figure 7.12 shows in blue arrows the subclass properties used to align these two ontologies. 
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Figure 7.12: Alignment of the Semantic Sensor Network ontology to DOLCE Ultra Lite

Finally, Figure 7.13 shows how the ontology modules defined above support the use cases described in the Section 7.2.3.1.
· Orange color users developing Semantic Sensor Web applications:  more specifically interested in the modules connected to the Data Discovery and Linking and Provenance and Diagnosis uses cases.
· Green color users developing Semantic Sensor Web applications: need the modules connected to the Device Discovery and Selection and Device Operation Tasking and Programming uses cases.
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Figure 7.13: Use cases and ontology modules
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